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Abstract 

 
Rural health facilities in Botswana face significant challenges, including limited 
infrastructure, poor communication networks, and inadequate access to medical resources, 
which hinder quality healthcare delivery. This study investigates the feasibility and benefits 
of implementing Mobile Ad hoc Networks (MANETs) in these underserved areas. A 
MANET is a decentralized wireless network where devices communicate directly with each 
other without relying on fixed infrastructure, allowing dynamic, self-configuring 
connections. Key solutions proposed include integrating MANETs with solar-powered 
systems to ensure continuous operation, developing localized health information systems 
to enhance data accessibility, and implementing community training programs to build 
local technical capacity. Additionally, designing resilient network architectures and 
collaborating with local telecom providers for hybrid solutions can improve reliability and 
coverage. Utilizing MANETs for real-time health monitoring and emergency alerts can 
enhance patient outcomes and response capabilities. The real-world implementation of 
MANETs is expected to improve emergency response times, reduce healthcare delivery 
delays, and facilitate faster decision-making in critical situations. This paper highlights the 
potential of MANETs to address healthcare disparities between rural and urban areas by 
providing sustainable, scalable, and reliable communication infrastructure. Future research 
should focus on extensive pilot programs, empirical data collection, and exploring the 
integration of advanced technologies to further enhance healthcare delivery in rural 
Botswana. These findings aim to inform policymakers and healthcare providers on 
adopting MANET technology to improve rural healthcare systems. 
 
Keywords: Mobile ad hoc networks (MANETs), rural healthcare, Botswana, 
telecommunication infrastructure, solar-powered systems, health information systems 

 
1. INTRODUCTION  
 
Rural health facilities in Botswana face numerous challenges, including limited 
infrastructure, poor communication networks, and inadequate access to medical 
resources [1]. These challenges hinder the delivery of quality healthcare services 
and exacerbate health disparities between rural and urban areas . The primary 
background of the problem in rural health facilities in Botswana is the significant 
gap in infrastructure and communication networks, which hampers the delivery of 
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quality healthcare services. According to [2], these facilities often lack reliable 
telecommunication systems, leading to difficulties in coordinating medical care, 
sharing vital health information, and responding promptly to emergencies. [3] 
mentioned that this disparity in access to healthcare resources exacerbates the 
health divide between rural and urban areas, underscoring the need for innovative 
solutions like MANETs to create a more robust and efficient communication 
infrastructure that can operate independently of existing networks. 
 
As mentioned by [4], the importance of the problem in the field of healthcare is 
paramount, as it directly impacts the accessibility and quality of medical services in 
rural areas. Addressing the communication and infrastructure challenges faced by 
rural health facilities is crucial for reducing health disparities and ensuring equitable 
healthcare delivery. The implementation of effective solutions like MANETs can 
enhance real-time communication, data sharing, and emergency response 
capabilities, ultimately leading to better patient outcomes [5]. Furthermore, 
improving rural healthcare infrastructure is essential for achieving broader public 
health goals, such as increasing life expectancy, reducing mortality rates, and 
enhancing the overall well-being of populations in underserved regions. By tackling 
this issue, the healthcare field can make significant strides toward more inclusive 
and effective healthcare systems globally [6], [7]. 

 
The implementation of MANETs can significantly improve health outcomes for 
rural populations in Botswana by enabling faster emergency response times and 
more efficient healthcare delivery during outbreaks. With their decentralized and 
self-configuring nature, MANETs provide real-time communication between 
healthcare facilities, allowing medical teams to coordinate and respond quickly to 
emergencies, such as accidents or maternal health crises. During disease outbreaks, 
these networks can facilitate the rapid dissemination of critical health information, 
ensuring that resources like vaccines, medicines, and medical personnel are 
deployed effectively to affected areas. Furthermore, MANETs support real-time 
health monitoring, enabling timely interventions that reduce preventable deaths 
and improve patient recovery rates. By bridging communication gaps, MANETs 
enhance the resilience of rural healthcare systems, ultimately saving lives and 
reducing the burden of health disparities [8]. 
 
Communication and infrastructure challenges in rural healthcare directly affect 
patient outcomes and treatment efficacy by causing delays in diagnosis, fragmented 
care, and limited access to necessary resources. Poor communication among 
healthcare providers leads to disjointed care and worsening patient conditions. 
MANETs can address these issues by enabling real-time data sharing, improving 
coordination, and enhancing decision-making. Moreover, integrating solutions like 
solar power ensures continuous network operation in areas with unreliable 
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electricity. These innovations can greatly improve healthcare delivery in rural areas, 
leading to better patient outcomes and more effective treatment [3], [9]. 

 
Communication failures in rural Botswana have led to significant negative 
healthcare outcomes, particularly due to delays in emergency response and 
inadequate data transmission. In remote areas, patients often experience delays in 
receiving timely medical interventions because of unreliable communication 
systems, as seen in reports from the Ministry of Health and Wellness. Mobile 
clinics have also struggled with ineffective transmission of patient data, resulting 
in missed diagnoses and poor management of chronic conditions. These challenges 
highlight the urgent need for improved communication networks, such as those 
provided by 5G and MANET technologies, which can offer reliable, real-time 
connectivity, enhance coordination among healthcare providers, and improve the 
overall quality of care in rural areas[10]. 

 
Rural healthcare in Botswana faces significant challenges due to inadequate 
communication infrastructure, unreliable power supply, and limited technical 
expertise, which hinder the timely delivery of medical services and exacerbate 
healthcare disparities. This study aims to address these issues by exploring the 
potential of MANETs to create a sustainable and scalable communication network 
tailored to the needs of underserved areas. The main objective of this study is to 
evaluate the feasibility and benefits of Mobile Ad-Hoc Networks in enhancing 
healthcare delivery in rural Botswana by addressing infrastructure and 
communication challenges, improving real-time data sharing, and ensuring 
sustainable operation through innovative solutions like solar power and 
community capacity building[1].   
 
2. LITERATURE REVIEW 

 
The existing literature on MANETs highlights their potential and versatility in 
environments lacking fixed communication infrastructure studies [11] outline the 
decentralized nature of MANETs, where nodes dynamically connect and self-
organize, making them ideal for scenarios like disaster response, military 
operations, and remote monitoring. These characteristics make MANETs 
particularly suitable for rural and remote areas where traditional communication 
networks are either absent or unreliable[12].  

 
Research indicates that MANETs can significantly enhance real-time 
communication and data-sharing capabilities in challenging environments. For 
instance, they have been successfully used in disaster-stricken areas to maintain 
communication among rescue teams and facilitate coordination. In military 
applications, MANETs support dynamic and robust communication networks that 
are crucial in the field [13]. Similarly, remote monitoring applications benefit from 



Journal of Information Systems and Informatics 
Vol. 6, No. 4, December 2024 

p-ISSN: 2656-5935 http://journal-isi.org/index.php/isi e-ISSN: 2656-4882 

 

3188 | Leveraging MANETs for Healthcare Improvement in Rural Botswana 

the flexible and scalable nature of MANETs, allowing for continuous and reliable 
data transmission even in isolated locations [14]. 

 
Study Vy [15] despite these promising applications, the literature reveals a gap in 
the specific exploration of MANETs for rural healthcare, especially in developing 
countries like Botswana. While some studies have examined the use of wireless 
networks in healthcare settings [16], the focus has predominantly been on urban 
or well-connected areas. The potential for MANETs to address the unique 
challenges of rural healthcare, such as limited infrastructure and inadequate 
communication networks, remains underexplored. 

 
Moreover, existing research emphasizes the technical feasibility and advantages of 
MANETs but often overlooks the practical challenges of implementation in rural 
health settings. Issues such as power supply, technical expertise, and initial setup 
costs are critical factors that need to be considered [17]. Addressing these 
challenges requires a comprehensive understanding of the local context, 
stakeholder involvement, and tailored solutions that align with the specific needs 
of rural healthcare facilities [18], [19]. 

 
The current research on MANETs reveals several gaps, particularly in their 
application to rural healthcare in developing countries. Firstly, there is a noticeable 
lack of focused studies on the deployment of MANETs in rural healthcare settings, 
with most existing research concentrating on urban areas or non-healthcare 
applications such as military and disaster response [9]. This highlights a significant 
gap in understanding how MANETs can specifically address the unique challenges 
of rural healthcare, such as infrastructure limitations and communication barriers. 

 
The technical feasibility and potential benefits of MANETs are well-documented, 
there is limited research on the practical challenges of implementing these 
networks in rural health environments issues such as the availability of technical 
expertise, reliable power sources, and the financial implications of setting up and 
maintaining MANETs are not thoroughly explored . These practical 
considerations are crucial for successful deployment but are often overlooked in 
the existing literature. [20] mentioned that there is a gap in studies that assess the 
long-term impact and sustainability of MANETs in rural healthcare. Most research 
focuses on short-term pilot projects or theoretical models, without evaluating the 
enduring effects on healthcare delivery and outcomes. This gap is critical because 
sustainable solutions are necessary for lasting improvements in rural 
healthcare[21], [22].  

 
The successful implementation of MANETs in various sectors across different 
countries underscores their versatility and transformative potential. Table 1 
highlights examples from nations such as Kenya, India, Nigeria, and Bangladesh, 
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demonstrating how MANETs have addressed specific challenges in healthcare, 
emergency response, and military communication. These applications show 
significant improvements in connectivity, coordination, and real-time 
communication, leading to better service delivery and operational efficiency. The 
table illustrates how leveraging MANETs in resource-limited or infrastructure-
deficient environments can bridge critical gaps, offering valuable insights for 
adopting similar solutions in Botswana’s rural healthcare system. 

 
Table 1. MANETs (Mobile Ad-Hoc Networks) in other countries 

Country Sector Before MANET After MANET Ref 
Kenya Healthcare 

(Rural 
hospitals) 

Limited access to 
remote areas, poor 
communication, and 
delays in patient 
information 
exchange. 

Improved 
connectivity, real-
time communication, 
and quicker response 
in emergencies. 

[23], 
[24]  

India Emergency 
Response and 
Healthcare 

Slow coordination 
between emergency 
teams due to 
infrastructure 
limitations. 

Fast, reliable 
communication 
between mobile units 
and medical teams 
during disasters. 

[25], 
[26] 

Nigeria Military and 
Law 
Enforcement 

Difficulty in 
maintaining 
communication in 
remote, war-torn 
regions. 

Enhanced 
information sharing 
in conflict zones and 
better coordination. 

[27], 
[28] 

Bangladesh Rural 
Education and 
Healthcare 

Inadequate 
infrastructure in 
remote areas; 
difficulties in 
healthcare delivery. 

Empowered 
healthcare services 
with better data 
exchange and patient 
monitoring. 

[29], 
[30] 

South 
Africa 

Disaster 
Management 
and Emergency 
Services 

Slow coordination 
during crises due to a 
lack of reliable 
communication 
infrastructure. 

Faster disaster 
response with 
improved 
information flow and 
situational 
awareness. 

[31], 
[32] 

 
Why This Would Work for Botswana 

 
The successful implementation of MANETs in countries like Kenya and India 
highlights the potential benefits for Botswana, particularly in rural healthcare 
delivery. Like these nations, Botswana's rural areas suffer from limited 
communication infrastructure, which hampers timely healthcare provision. By 
adopting MANET technology, Botswana can ensure reliable, real-time 
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communication between healthcare facilities, enabling faster response times during 
emergencies, such as outbreaks or accidents. Additionally, integrating solar-
powered MANET systems can mitigate the energy challenges often faced in 
remote areas, making the system sustainable in Botswana's rural environments. 
The success stories in disaster management and military communication also 
provide a strong precedent for how Botswana can leverage MANETs to overcome 
its infrastructure challenges, improving healthcare access and overall service 
delivery. 

 
Lastly, the integration of MANETs with existing health information systems is 
another area that lacks comprehensive research [33]. Effective healthcare delivery 
requires seamless integration of new technologies with current systems to ensure 
efficient data sharing and coordination among healthcare providers. However, 
studies examining the technical and operational aspects of such integration in rural 
settings are sparse. 

 
Addressing these gaps is essential to develop a holistic understanding of the 
potential and limitations of MANETs in rural healthcare, ultimately guiding 
effective implementation strategies in developing countries like Botswana[34]. 
Previous solutions for improving communication and healthcare delivery in rural 
areas have primarily focused on enhancing traditional telecommunication 
infrastructure, mobile health (mHealth) applications, and satellite communications. 
These approaches have yielded some positive outcomes but also exhibit significant 
limitations[35], [36] 

   
In summary, while the literature supports the viability and benefits of MANETs in 
various applications, there is a significant need for focused research on their 
implementation in rural healthcare, particularly in developing countries. This study 
aims to fill this gap by exploring the feasibility, benefits, and challenges of 
deploying MANETs in Botswana's rural health facilities, thereby contributing to 
the broader discourse on improving healthcare delivery in underserved areas. 
 
3. METHODOLOGY 
 
The research adopted a mixed-methods approach, combining both qualitative and 
quantitative data collection techniques to provide a comprehensive understanding 
of the role of MANETs in enhancing healthcare delivery in rural Botswana. This 
approach was chosen to capture both the numerical data related to infrastructure 
performance and the personal insights of key stakeholders, which are critical for 
evaluating the feasibility of MANET implementation [37] . Data was collected 
from three rural hospitals, selected for their geographical and infrastructural 
diversity, allowing for a representative sample. In-depth interviews were conducted 
with IT officers at these hospitals to gather insights on the existing infrastructure 
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challenges and to explore the potential for MANETs as a solution to improve 
information delivery. This mixed-methods strategy ensured a well-rounded analysis 
by triangulating technical data with human perspectives on technology adoption. 

 
In-depth interviews were conducted with IT officers at these hospitals to gather 
insights on the existing infrastructure challenges and to explore the potential for 
MANETs as a solution to improve information delivery. Interview themes 
included the current state of healthcare communication systems, specific 
challenges related to connectivity and data sharing, perceptions of MANET 
feasibility and sustainability, and anticipated obstacles to implementation, such as 
training needs or power supply issues. Sample questions included: 
 

1) What are the main communication challenges your facility faces when 
coordinating with other healthcare providers? 

2) How do power outages or infrastructure limitations impact your ability to 
share medical data or respond to emergencies? 

3) What features or capabilities would you expect from a communication 
network like MANETs to address these challenges? 

4) What training or resources would be necessary for your team to effectively 
adopt and maintain such a system? 

5) How do you foresee MANETs improving patient outcomes in your 
facility? 
 

The study utilized a mixed-methods approach, integrating qualitative and 
quantitative research methods to evaluate the role of MANETs in enhancing 
healthcare delivery in rural Botswana. Data collection involved surveys and in-
depth interviews with a sample of 10 IT officers from 10 clinics across three 
District Health Management Teams (DHMTs), chosen for their geographical and 
infrastructural diversity. Qualitative data were gathered through open-ended 
questions focusing on infrastructure challenges, connectivity issues, and 
perceptions of MANET feasibility, while quantitative data were collected via 
structured surveys measuring infrastructure performance metrics. The data were 
analyzed using thematic analysis for qualitative insights and statistical methods for 
quantitative data, ensuring a robust evaluation of MANETs’ potential to address 
healthcare challenges in rural settings. This comprehensive approach provided a 
nuanced understanding of technical feasibility and stakeholder perspectives. 

 
 

4. RESULTS AND DISCUSSION 
 
Table 2 outlines below the study's key aspects, highlighting rural healthcare 
challenges in Botswana and how MANETs address them through decentralized 
communication, solar-powered systems, and improved data accessibility. It 
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emphasizes the importance of community training for sustainability and hybrid 
solutions with telecom providers to enhance network reliability. The table also 
underscores the need for pilot programs and data collection to refine and scale 
MANET implementation effectively. 
 

Table 2. Study's key aspects 

Key Aspect Findings 
Data 

Collection 
Source 

Tools and 
Techniques Justification 

Infrastructure 
Challenges 

Poor 
connectivity, 
limited medical 
resources, and 
inadequate 
infrastructure in 
rural areas. 

Rural 
hospitals in 
Botswana 

Qualitative: 
In-depth 
interviews 
with IT 
officers 

Provides 
insights into 
existing 
challenges; 
captures 
personal 
experiences 
and 
perceptions. 

Potential Benefits 
of MANETs 

MANETs 
provide 
decentralized 
communication, 
and solar-
powered 
systems to 
address power 
outages and 
enhance data 
accessibility. 

Rural 
hospitals 
and 
stakeholders 

Qualitative: 
Interviews, 
Quantitative: 
Surveys on 
infrastructure 
usage 

Interviews 
capture 
personal 
perceptions; 
surveys 
provide 
numerical 
data on the 
current 
infrastructure 
state. 

Localized Health 
Information 

MANETs can 
improve real-
time health 
monitoring and 
enable more 
efficient data 
exchange. 

Hospitals 
and health 
centers 

Quantitative: 
Surveys on 
current data 
accessibility, 
Qualitative: 
Interviews 

Quantitative 
data measures 
existing health 
information 
flow; 
qualitative 
data explores 
the potential 
for 
improvement. 

Community 
Involvement 

Community 
training 
programs are 
essential for 
building 
technical 
capacity. 

Community 
members 
and hospital 
staff 

Qualitative: 
Focus group 
discussions, 
Quantitative: 
Surveys on 
training 
needs 

Focus groups 
allow detailed 
insights into 
the 
community’s 
readiness and 
willingness; 
surveys 
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Key Aspect Findings 
Data 

Collection 
Source 

Tools and 
Techniques Justification 

quantify 
training gaps. 

Reliability and 
Coverage Issues 

Network 
reliability 
remains a 
challenge in 
remote areas, 
requiring hybrid 
solutions with 
telecom 
infrastructure. 

Remote 
rural areas 
and telecom 
providers 

Quantitative: 
Network 
performance 
metrics, 
Qualitative: 
Interviews 
with telecom 
providers 

Provides 
objective data 
on network 
performance 
and subjective 
views on 
hybrid 
solutions. 

Future 
Recommendations 

Focus on pilot 
programs and 
empirical data to 
assess the 
feasibility and 
scalability of 
MANETs. 

Rural 
hospitals 
and telecom 
providers 

Quantitative: 
Pilot program 
data, 
Qualitative: 
Interviews 
and surveys 

Data from 
pilot 
programs will 
offer real-
world 
insights; 
interviews and 
surveys 
support future 
strategies. 

 
The results from the study indicate that while rural Botswana faces significant 
infrastructure challenges, the implementation of Mobile Ad hoc Networks 
(MANETs) presents a promising solution. Data collected from interviews and 
surveys revealed that poor connectivity and limited medical resources hinder 
effective healthcare delivery. However, stakeholders recognized the potential of 
MANETs to improve communication, enhance data accessibility, and support 
real-time health monitoring. The study also highlighted the need for community 
training programs to build local technical capacity, with pilot programs 
recommended to further assess feasibility and scalability. 
 
4.1. Examining Manet Types and Their Performance Metrics. 

 
The table compares various types of ad hoc networks based on key performance 
metrics such as energy efficiency, scalability, mobility support, delay sensitivity, 
throughput, and ease of deployment. Vehicular Ad Hoc Networks (VANETs) 
excel in mobility and throughput but are limited by road network dependencies. 
Mobile Ad Hoc Networks (MANETs) offer high energy efficiency and flexibility 
for mobile nodes, making them suitable for dynamic environments. Wireless 
Sensor Networks (WSNs) are highly energy-efficient and easy to deploy but lack 
scalability and mobility. Flying Ad Hoc Networks (FANETs) provide exceptional 
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aerial mobility and high throughput but require moderate deployment efforts due 
to power constraints. Hybrid Ad Hoc Networks combine the strengths of 
proactive and reactive routing, achieving high performance across all metrics, 
making them versatile for diverse applications. 
 

Table 3. Ad hoc networks based on key performance metrics 

Type Energy 
Efficiency 

Scalabi
lity 

Mobility 
Support 

Delay 
Sensitivity Throughput Ease of 

Deployment References 

Vehicular Ad 
Hoc 

Networks 
(VANETs) 

Moderate 
(vehicle-

based nodes 
with robust 

power 
sources) 

Limited 
(depends on 

road 
networks) 

High 
(suitable for 

mobile 
nodes) 

Low (fast 
movement 
introduces 

delays) 

High Moderate [38], [39], [40] 

Mobile Ad 
Hoc 

Networks 
(MANETs) 

High 
(battery-
powered, 
energy-
efficient 

protocols) 

Moderate 

High 
(flexible 

node 
movement) 

Moderate Moderate High [41], [42], [43] 

Wireless 
Sensor 

Networks 
(WSNs) 

Very High 
(low-power 

devices) 

Low (limited 
by sensor 

capabilities) 

Low (static 
nodes 

primarily) 
High Low Easy [42], [44] 

Flying Ad 
Hoc 

Networks 
(FANETs) 

Moderate 
(drones 
require 

recharging) 

Moderate 
Very High 

(aerial 
mobility) 

High High Moderate [45], [46] 

Hybrid Ad 
Hoc 

Networks 

High 
(combination 
of proactive 
and reactive 

routing) 

High High Low High High [26] 

 
For Botswana's rural areas, Wireless Sensor Networks (WSNs) are the most 
suitable type of MANET for healthcare delivery. WSNs excel in energy efficiency 
and ease of deployment, which are crucial for areas with limited infrastructure and 
unreliable power supplies. Their ability to monitor patient vitals, track disease 
outbreaks, and communicate with minimal resource demands makes them highly 
effective in underserved settings. Additionally, Mobile Ad Hoc Networks can 
complement WSNs by offering mobile communication support for healthcare 
workers travelling across remote regions. Together, these networks provide a 
robust, scalable, and cost-effective solution for improving healthcare accessibility 
in Botswana. 
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Wireless Sensor Networks can revolutionize healthcare delivery in Botswana by 
enabling real-time monitoring and efficient resource management. These networks 
facilitate continuous tracking of patients' vital signs, ensuring timely responses to 
emergencies and improving chronic disease management. Wireless sense networks 
also enhance operational efficiency by monitoring equipment usage, managing 
medicine inventories, and optimizing bed allocations in hospitals. Moreover, their 
integration with mobile health applications ensures that rural and underserved 
communities gain access to quality healthcare through remote consultations and 
diagnostics. By leveraging WSN technology, Botswana can bridge healthcare gaps, 
reduce operational costs, and improve patient outcomes, aligning with global 
trends in smart healthcare systems [29]. 

 
 
4.2. Proposed Infrastructure 

 
Figure 1 illustrates a Mobile Ad-hoc Network (MANET) solution designed to 
improve healthcare delivery in rural areas, particularly in the context of Botswana. 
In this diagram, each hospital serves as a central node, wirelessly connected to its 
surrounding clinics. These clinics represent smaller healthcare facilities that rely on 
the main hospital for data sharing, patient information, and other vital healthcare 
resources. 

 
Figure 1. Mobile Ad-hoc Network (MANET) 

 
The interconnected nature of the hospitals themselves signifies the ad-hoc 
capabilities of MANETs, allowing communication across the network without the 
need for fixed infrastructure like cell towers or fibre-optic cables. This flexibility is 
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critical in rural areas where infrastructure is often inadequate. In this setup, 
hospitals can act as data hubs, transmitting information between clinics and 
ensuring that patient data, medical records, and real-time updates are consistently 
available across the network. 

 
Table 4 compares different connectivity options—MANETs, Mobile Broadband 
(4G/5G), Satellite, and Wi-Fi Mesh Networks—based on performance indicators, 
strengths, and weaknesses. MANETs are self-configuring and cost-effective, 
offering scalability and low latency in remote areas, but face challenges with limited 
coverage and reliability in dense regions. Mobile Broadband provides high data 
rates and wide coverage but is expensive and requires significant infrastructure, 
making it less suitable for remote areas. Satellite networks offer global coverage, 
ideal for isolated regions, but suffer from high latency and weather sensitivity. Wi-
Fi Mesh Networks are affordable and effective for localized community setups, 
though they are limited in range and depend on stable power and backhaul 
infrastructure. 
 

Table 4. Connectivity option MANETs 
Connectivity 

Option 
Performance 

Indicators Strengths Weaknesses Reference 

MANETs 

Scalability in 
remote areas, 
low latency, 

supports 
emergency 

communication 

Self-
configuring, 
decentralized, 
cost-effective, 
minimal 
infrastructure 

Limited 
coverage, 
reliability 
issues in 
densely 
populated 
areas 

[47], [48] 

Mobile Broadband 
(4G/5G) 

Data rates: 100 
Mbps to 1 
Gbps in 
optimal 

conditions 

High data 
capacity, wide 
coverage 
(urban and 
rural) 

Requires 
extensive 
infrastructure, 
expensive in 
remote areas 

[49], [50], 
[51] 

Satellite (LEO/ 
Geostationary) 

Data rates: 20 
Mbps to 100 
Mbps (varies 
with system) 

Global 
coverage, 
ideal for 
remote areas 

High latency, 
weather 
sensitivity, 
high 
deployment 
cost 

[52] 

Wi-Fi (Mesh 
Network) 

Data rates up to 
1 Gbps 

Low-cost 
infrastructure, 
good in 
community 
networks 

Range and 
coverage are 
limited to 
localized 
areas, and 
require power 
and backhaul 

[53], [54], 
[55] 
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The performance of MANETs in rural Botswana presents clear advantages, 
especially where existing infrastructure is lacking. They allow for decentralized 
communication with minimal infrastructure, making them ideal for rural and 
remote areas where power and connectivity are limited. However, MANETs face 
challenges in terms of reliability and coverage, particularly in more densely 
populated regions or areas with extreme terrain. In comparison, 4G/5G mobile 
broadband networks provide high data rates and wide coverage, but their 
deployment in rural areas can be costly and require significant infrastructure 
investment. Satellite communication offers global coverage but suffers from high 
latency and significant cost, making it less ideal for real-time applications unless 
hybridized with other systems. Wi-Fi, particularly in a mesh configuration, offers 
a cost-effective solution for localized areas but struggles with coverage and requires 
stable power sources [8], [56], [57]. 

 
Based on performance metrics, hybrid approaches that combine MANETs with 
satellite or mobile broadband technologies seem to offer the most promising 
solution for rural Botswana. MANETs could effectively address the challenge of 
infrastructure scarcity, and when integrated with satellite networks, could provide 
global coverage with reduced latency, especially for emergency and real-time health 
communication systems. Thus, a combination of these technologies may be the 
most effective for enhancing rural healthcare delivery[58], [59]. 

 
4.3. Discussion 
 
Implementing MANETs in rural areas faces barriers such as high initial costs for 
equipment and deployment, a lack of local technical expertise to maintain and 
manage the networks and limited governmental support for infrastructure projects. 
These challenges can be addressed by securing funding through public-private 
partnerships and international aid focused on rural development. Building local 
expertise through comprehensive community training programs and ongoing 
technical support will ensure sustainability. Governmental support can be 
encouraged by highlighting the potential of MANETs to bridge healthcare gaps, 
improve emergency response, and reduce health disparities, aligning with national 
development goals. Pilot projects demonstrating feasibility and scalability can also 
help garner stakeholder buy-in and policy support. 

 
The implementation of Mobile Ad-hoc Networks in rural Botswana presents a 
transformative approach to addressing the significant infrastructure challenges 
faced by healthcare facilities in these regions. The study's primary objective was to 
investigate the feasibility and benefits of MANETs in enhancing healthcare 
delivery by improving communication, data sharing, and emergency response 
capabilities. The results indicate that MANETs can indeed provide a decentralized, 
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scalable, and reliable communication infrastructure that is crucial for rural 
healthcare settings. 

 
One of the key solutions proposed is the integration of MANETs with solar-
powered systems. This approach ensures continuous operation even in areas with 
unreliable electricity, addressing a critical barrier to effective healthcare delivery. 
The use of solar power not only supports the sustainability of the network but also 
aligns with Botswana's environmental and economic context, where solar energy 
is abundant and cost-effective. This solution highlights the writer's emphasis on 
practical and sustainable innovations tailored to local conditions[60]. 

 
The development of localized health information systems within MANETs is 
another significant finding. These systems enhance data accessibility and ensure 
that medical records are always available, even in the absence of external 
connectivity. This improvement is crucial for maintaining the continuity of care 
and supports the study's objective of improving real-time health monitoring and 
emergency response. The writer's voice is evident in the focus on practical, user-
friendly solutions that directly address the unique challenges of rural healthcare. 

 
Building local technical capacity through community training programs is essential 
for the successful implementation and maintenance of MANETs. The study 
underscores the importance of empowering local healthcare providers and 
community members with the necessary skills to manage these networks. This 
approach not only fosters self-sufficiency but also ensures the long-term 
sustainability of the technology. The writer's commitment to community 
involvement and capacity building is a recurring theme throughout the document. 

 
The design of resilient network architectures that incorporate redundancy, fault-
tolerant mechanisms, and dynamic re-routing capabilities is critical for ensuring the 
reliability and availability of MANETs. These features are particularly important in 
healthcare settings where continuous operation is essential. The study's findings 
suggest that MANETs can maintain communication even in the event of node 
failures or network disruptions, significantly improving the robustness of rural 
healthcare infrastructure. 

 
Collaborating with local telecom providers to create hybrid solutions that combine 
MANETs with existing cellular networks can extend coverage and enhance 
reliability. This partnership addresses the limitations of relying solely on MANETs 
and ensures seamless connectivity transitions between different network types. 
The writer's pragmatic approach to leveraging existing infrastructure and resources 
is evident in this recommendation. While the proposed solutions offer significant 
benefits, several challenges must be addressed to ensure successful 
implementation. Ensuring a stable power supply through solar energy solutions 
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requires initial investment and technical expertise. Securing funding and providing 
adequate training to local technicians are essential steps in overcoming this 
challenge. 

 
Localized health information systems must be user-friendly and compatible with 
existing healthcare practices. Developing lightweight, decentralized software that 
can function offline and synchronize data when the network is available can 
mitigate this challenge. User training and support are also crucial to ensure smooth 
adoption and use. 

 
Community training programs must be comprehensive and ongoing to build and 
sustain technical expertise. Regular workshops and hands-on training sessions can 
help maintain a skilled workforce capable of deploying, troubleshooting, and 
optimizing Manets. Building resilient MANETs requires advanced technical 
knowledge and robust network design. Incorporating redundancy, dynamic re-
routing, and fault-tolerant mechanisms can enhance network reliability. 
Collaborating with experts and leveraging existing research on resilient network 
design can facilitate this process. 

 
Hybrid solutions with local telecom providers require strong partnerships and 
agreements to ensure seamless integration. Establishing clear terms of 
collaboration and working closely with telecom companies can ensure the 
successful deployment of hybrid networks. Lastly, pilot programs and scalability 
studies are essential for gathering empirical data on the feasibility and impact of 
MANETs. Designing pilot studies with clear metrics for success and collecting 
comprehensive data on performance, user satisfaction, and health outcomes will 
inform the scalable implementation of MANETs across broader rural areas. 

 
The proposed solutions for integrating MANETs with solar-powered systems, 
developing localized health information systems, implementing community 
training programs, designing resilient networks, and collaborating with local 
telecom providers offer significant advancements in improving rural healthcare in 
Botswana. These solutions ensure continuous network availability, enhance data 
accessibility, empower local communities, and provide reliable and resilient 
communication infrastructure. Compared to traditional telecommunication 
methods, which face high costs and geographical limitations, MANETs present a 
more viable and sustainable alternative. Utilizing MANETs for real-time health 
monitoring and emergency alerts improves patient outcomes and emergency 
response capabilities. The significance of these solutions lies in their potential to 
bridge the gap in healthcare delivery between rural and urban areas, addressing 
power supply issues, connectivity challenges, and the need for localized health 
information. Future research should focus on conducting extensive pilot 
programs, gathering empirical data, and exploring the scalability of MANETs 
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across broader rural regions. Additionally, investigating the integration of advanced 
technologies, such as artificial intelligence and machine learning, to further 
enhance MANET capabilities and healthcare delivery in remote areas will be 
crucial. 

 
5. CONCLUSION 
 
The proposed solutions for integrating MANETs with solar-powered systems, 
developing localized health information systems, implementing community 
training programs, designing resilient networks, and collaborating with local 
telecom providers offer significant advancements in improving rural healthcare in 
Botswana. These solutions ensure continuous network availability, enhance data 
accessibility, empower local communities, and provide reliable and resilient 
communication infrastructure. Compared to traditional telecommunication 
methods, which face high costs and geographical limitations, MANETs present a 
more viable and sustainable alternative. Utilizing MANETs for real-time health 
monitoring and emergency alerts improves patient outcomes and emergency 
response capabilities. The significance of these solutions lies in their potential to 
bridge the gap in healthcare delivery between rural and urban areas, addressing 
power supply issues, connectivity challenges, and the need for localized health 
information. Equally important is the involvement of local communities, 
healthcare workers, and telecom providers in the deployment of MANETs to 
ensure sustainability and long-term success. Engaging these stakeholders will not 
only foster acceptance and trust but also build the technical and operational 
capacity needed to maintain and expand the network.  To move forward, a clear 
roadmap should be established, beginning with pilot projects in strategically 
selected rural areas to assess the feasibility, scalability, and impact of MANETs. 
Partnerships with local telecom providers can help create hybrid solutions that 
combine MANETs with existing infrastructure, while government and private 
sector funding opportunities should be explored to support implementation and 
training programs. Finally, comprehensive monitoring and evaluation frameworks 
should be developed to gather empirical data, refine the technology, and guide its 
broader rollout across rural Botswana. By prioritizing collaboration and practical 
steps, MANETs can become a transformative force for improving healthcare 
delivery in underserved areas. 
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