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ABSTRACT

This study focused on the design and development of an Al-powered Community Digital
Health Companion (CDHC), referred to as the “Virtual Doctor,” to improve access to health
information and basic symptom guidance among rural communities in the Bukedi Sub-Region
of Eastern Uganda. The study was motivated by challenges including delayed access to health
information, shortage of healthcare personnel, long distances to health facilities, inconsistent
informal health advice, language and literacy barriers, and limited availability of digital health
tools adapted to local contexts.

The main objective of the study was to develop an Al-powered CDHC “Virtual Doctor” that
provides localized and accessible healthcare information to rural communities in the Bukedi
Sub-Region. The study adopted a Design Science Research approach combined with Rapid
Application Development (RAD). Data were collected using questionnaires, interviews,
observation and document analysis involving community members, healthcare professionals
and IT experts. The system was implemented using React for the frontend, Flask and Python
for the backend, PostgreSQL for database management, and the Anthropic Claude API for
conversational intelligence.

The developed system provided user registration and authentication, conversational symptom
consultation, Al-powered health guidance, triage classification, referral recommendations,
consultation history, feedback collection, administrative content management and emergency
keyword detection. Unit testing, integration testing and user acceptance testing demonstrated
that the system was functional, usable, responsive and generally acceptable to users and
healthcare stakeholders.

The study concluded that conversational Al can provide useful supplementary support for
improving access to timely health information in underserved rural communities. However,
limitations included internet dependency, limited localized health datasets, variability in Al
responses, resource constraints and limited geographical coverage. The study recommends
multilingual support, offline or low-bandwidth functionality, integration with formal health
systems, expansion of the health knowledge base, enhanced Al safety monitoring and voice-

based interaction.
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CHAPTER ONE: INTRODUCTION

1.1 Introduction

This research presents the design and development of an Al-powered Community Digital
Health Companion (CDHC), conceptually termed the "Virtual Doctor" or ‘Daktari,” aimed at
providing localized and accessible healthcare information to rural communities in the Bukedi
Sub-Region of Uganda. In many low-resource settings, the disparity between healthcare
demand and the availability of professional clinical support remains a critical public health
challenge. So, by leveraging conversational Al and natural language processing, this study
investigates the potential for a digital intermediary to offer first-line symptom interpretation
and guidance, thereby bridging the informational gap for Bukedi residents who face significant
physical and healthcare access barriers to formal medical services

This research is situated at the intersection of public health informatics and human-centered
design, exploring how an appropriately tailored digital tool can support informed health-
seeking behaviors. The investigation aims to demonstrate that digital health solutions, when
grounded in the specific socio-economic and communication realities of rural Uganda, can
provide sustainable and scalable health intelligence.

This chapter serves as the introduction to the study, laying the structural foundation for the
proposed research. It leads into the Background of the Study, which contextualizes global and
regional health disparities before narrowing down to the specific challenges faced in the Bukedi
Sub-Region of Eastern Uganda, as well as the emerging role of digital health. It subsequently
points out the Problem Statement, the research objectives followed by research questions, and

the significance of the study and briefly introduces conceptual frameworks guiding the research
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1.2 Background of the Study

Digital health has become a major global response to long-standing barriers in healthcare
access, particularly where geography, cost, and workforce shortages limit routine contact with
health professionals. Telemedicine, mobile health, and conversational systems such as Ada
Health and Babylon Health are now being used to extend health information and support to
communities that may otherwise remain beyond the reach of timely care. These technologies
have the potential to reduce travel burdens, support triage, and make health guidance more
immediate. However, existing research indicates that digital health interventions are most
effective when they are designed for the people who was actually use them rather than being
transferred wholesale from high-income urban contexts into rural settings without adaptation
(Najeeb Al-Shorbaji, 2022) (Constantin Aliferis & Gyorgy Simon, 2024).Recent researches on
artificial intelligence in health also emphasize that innovation alone is not enough but systems
must be trustworthy, transparent, and understandable to users. This is especially important for
conversational agents, which are increasingly being used to interpret symptoms, answer
questions, and guide users toward appropriate health actions to take and if users cannot assess
the credibility of a system, trust becomes a central determinant of uptake. Consequently, digital
health development has shifted from a purely technical problem to a socio-technical one in
which usability, language, explanation, and safety matter as much as model performance. So,
these principles are directly relevant to the development of an Al-powered health companion
for a rural community context like Bukedi Sub-region (Constantin Aliferis & Gyorgy Simon,

2024) (Audencio Victor, 2025).

In sub-Saharan Africa, digital health is often discussed as a practical strategy for overcoming
the effects of understaffed systems and uneven health service distribution. The region continues
to experience limited access to professional healthcare services in many rural communities.
Digital literacy, internet availability, and affordability also remain uneven. Therefore Al-based
tools present both opportunities and risks since they can improve access to health information
and support early decision-making. However, they may also increase existing inequalities if
they require stable internet connectivity, expensive devices, or communication styles that are
not meaningful to local users. Regional Related researchers also continue to suggest that
successful implementation requires adaptation to local infrastructure, governance, and social
expectations (Audencio Victor, 2025) (Amanda Watson, 2024). Evidence from rural health

access studies in comparable African settings shows that communities commonly struggle with
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transport costs, long distances, and limited provider availability and these barriers often delay
health care-seeking and encourage informal symptom management before professional health
consultation. Its true digital services can help reduce these delays, but only when they are
familiar, low-cost, and aligned with local patterns of health communication. For this reason,
therefore Al-supported health tools intended for African rural settings must not simply
reproduce imported models. Instead, they should reflect the realities of language preference,
trust in technology, and the actual decision-making processes that shape health behavior in
underserved communities (E. Lawani-Luwaji & Chibuike Frederick Okafor, 2025) (Najeeb Al-
Shorbaji, 2022).

Uganda faces many of the healthcare challenges common in sub-Saharan Africa, including
long distances to health facilities, limited transport, shortages of healthcare workers, and
inadequate access to health information. These challenges often delay healthcare-seeking and
highlight the need for accessible digital tools that can provide simple and context-sensitive
health guidance. (Najeeb Al-Shorbaji, 2022) (E. Lawani-Luwaji & Chibuike Frederick Okafor,
2025). At the same time, Uganda’s digital health landscape remains shaped by uneven
infrastructure and limited public access to advanced health technologies and the implication is
that any proposed system must be intentionally lightweight, affordable, and easy to understand.
So, a virtual doctor designed for rural use should not assume high digital literacy or continuous
internet access. Instead, it should support a simple interaction model that meets users where
they are. And the proposed CDHC “Virtual Doctor” was be developed within this logic: it is
intended as a practical entry point into digital health for communities that need accessible
guidance more than complex technical features (Constantin Aliferis & Gyorgy Simon, 2024)

(Audéncio Victor, 2025).

Within the Bukedi Sub-Region, the health challenge is now more specific because rural
community members from Busia, Tororo, Butaleja often face extended travel times to health
facilities, limited exposure to formal triage support, and dependence on non-professional health
advice when symptoms arise unexpectedly. These conditions make early symptom
interpretation very important, because many illnesses common in rural settings require prompt
attention if complications are to be avoided before they worsen. Therefore, a locally oriented
digital companion can therefore serve as a bridge between community health needs and formal
health service delivery by helping users decide when to seek care and what type of care may

be appropriate. The Bukedi context provides a clear justification for designing a tool that is

Page | 3



focused, low-complexity, and responsive to the realities of daily life in most local communities

(E. Lawani-Luwaji & Chibuike Frederick Okafor, 2025) (Najeeb Al-Shorbaji, 2022).

For this reason, the study proposes the development of CDHC “Virtual Doctor” also known
as “Daktari “and positions it as a context-aware prototype rather than a generic chatbot with
the purpose of responding to locally relevant symptoms and health questions while remaining
understandable to users who may have limited experience with digital health systems and also
remain socially and geographically meaningful to the people it is meant to serve (Constantin

Aliferis & Gyorgy Simon, 2024) (Audencio Victor, 2025).

1.3 Statement of the Problem

Rural communities in the Bukedi Sub-Region face difficulty obtaining timely and dependable
healthcare information. Many residents must travel to distant health facilities, rely on informal
health advice, or wait for delayed referrals when symptoms begin. This slows early decision-
making and can worsen common illnesses. The core problem is therefore limited access to clear
and trustworthy health guidance in a form that rural users can easily use (Nur Afni, 2023)
(Rornald Muhumuza Kananura, 2024). Hence digital exclusion makes this problem worse.
Many digital health tools are not designed for rural users, especially where digital literacy is
low, language preferences vary, and local context is rarely considered. As a result, communities
with the greatest need often benefit least from available technologies (Audencio Victor, 2025)
(Mulugeta Desalegn Kasaye et al., 2025). This study aims to address the lack of a local Al-
powered Community Digital Health Companion for the Bukedi Sub-Region by developing a
CDHC “Virtual Doctor” intended to provide accessible health information, support early
symptom interpretation, and offer basic guidance in an English-first format. (Mulugeta

Desalegn Kasaye et al., 2025).

The key gap was lack of a context-appropriate digital health tool that aligns with how people
in Bukedi access and use health information. This study therefore was to develop a simple and
user-friendly system to support informed health decisions before users reach a health facility

(Hillary C. Ugwu et al., 2026; Audencio Victor, 2025).
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Objectives of the study

1.4 Main Objective
To develop an Al-powered Community Digital Health Companion (CDHC) “Virtual Doctor”

that provides localized and accessible healthcare information to rural communities in the

Bukedi Sub-Region.

1.5 Specific Objectives

1. To review existing literature for developing Al-powered health companions in rural,
multilingual contexts.

2. To analyze and preprocess symptom data for common diseases affecting the Bukedi Sub-
Region.

3. To design and implement an Al model and user-friendly interface for the CDHC “Virtual
Doctor” that interprets symptoms and suggests possible health conditions.

4. To test and validate the system’s usability, accuracy, and cultural appropriateness among

users in the Bukedi Sub-Region.

1.6 Research Questions

1. What are the requirements for developing an Al-powered Community Digital Health
Companion (CDHC) for rural communities in the Bukedi Sub-Region?

2. How can symptom and disease data from the Bukedi Sub-Region be collected and
preprocessed to support the development of the CDHC Virtual Doctor?

3. How can an Al-powered CDHC Virtual Doctor be designed and implemented to
provide symptom interpretation and health guidance for users in the Bukedi Sub-
Region?

4. How effective is the developed CDHC Virtual Doctor in terms of usability, accuracy,

and cultural appropriateness when evaluated by users in the Bukedi Sub-Region?

1.7 Scope of the study

The scope of this study was limited to the design, development, and evaluation of the CDHC
“Virtual Doctor” as a user-centered digital health support prototype for selected rural

communities in the Bukedi Sub-Region of Eastern Uganda. The study not attempt to build a
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national health platform but it focused specifically on how a simple Al-supported
conversational tool can provide basic health information, symptom guidance, and referral-

oriented prompts for common health concerns in the selected study area.

1.7.1 Geographical Scope

Geographically, the study was conducted in the Bukedi Sub-Region of Eastern Uganda,
covering selected communities in Tororo, Busia, Butaleja, Pallisa, Budaka, Kibuku, and
Butebo districts. These districts are relevant to the study because they represent the rural and
semi-rural setting for which the CDHC “Virtual Doctor” is being developed. The study was
therefore concentrated on health information access challenges, user expectations, and system
requirements that emerge from this specific sub-regional context and findings from the study
was used to guide the development of a prototype suitable for Bukedi, not to make direct claims

about all districts in Uganda.

1.7.2 Population Scope

The population scope was including adults aged 18 to 60 years living in selected rural
households, community health workers, and health Centre personnel within Bukedi. These
groups are included because they represent the main categories of people who may either use
the CDHC “Virtual Doctor” directly or provide practical insights into community health
information needs. The study was involving 60 participants, comprising 25 user survey
respondents, 20 focus group participants, and 15 key informants. This structure is relevant to
the project because it allows the researcher to obtain views from intended users, frontline
community health actors, and health personnel who understand common illnesses, referral

needs, and health communication challenges in the Bukedi context.

1.7.3 Time Scope

The time scope of this project was span 3 months, focusing on the design, development, and
evaluation of the CDHC “Virtual Doctor” as a digital health support prototype for rural
communities in the Bukedi Sub-Region where the project period covered contextual research,
user-needs assessment, requirements analysis, prototype design, system development, usability

testing, feedback collection, and final refinement. Because the project is time-bound, the study
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was aim to produce a working prototype and an initial usability evaluation rather than a fully

deployed clinical system or long-term impact assessment.
The three-month project was organized into three phases:

Phase One, covering Month 1, was focused on research and data collection. During this
stage, the researcher reviewed relevant literature, examine existing digital health
approaches, collect information from intended users and health stakeholders, and
identify health information needs, digital access constraints, language considerations,

and expectations for the CDHC “Virtual Doctor.”

Phase Two, covering Month 2, focused on system design and development. In this
phase, the user interface, conversational flow, structured health information repository,
response logic, and referral-oriented prompts was designed and integrated into a

working web-based prototype.

Phase Three, covering Month 3, focused on pilot testing, feedback, and refinement. The
prototype was tested with selected users, community health workers, and health centre
personnel to assess usability, clarity, relevance, acceptability, and the appropriateness
of the system responses where Feedback gathered during this phase was be used to
identify interface problems, unclear prompts, missing content areas, and improvements
needed before finalization, followed by final evaluation and documentation of the

system.

Given the limited timeframe, the study focused on achieving a working prototype with
a thorough evaluation of its initial impact. Potential delays due to technical or logistical

challenges were considered and mitigated.

1.7.4 Content Scope

The content scope focused on common health concerns that are relevant in rural Bukedi
communities, particularly malaria, typhoid, respiratory infections, diarrheal diseases, maternal
and child health concerns, hygiene, nutrition, medication safety, and basic first aid. The CDHC

“Virtual Doctor” was to provide plain-language health education, basic symptom-based
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guidance, warning-sign information, and referral recommendations. The system was not to
provide definitive diagnosis, prescribe treatment, replace professional medical consultation, or
manage emergency cases. This boundary is important because the proposed artifact was
intended to support early health decision-making and information access, not to function as a

licensed clinician or medical decision-making authority.

1.7.5 Functional Scope

Functionally, the CDHC “Virtual Doctor” prototype included a conversational interface
through which users can ask simple health-related questions and describe basic symptoms and
the system was respond with structured guidance, including possible self-care advice, warning
signs that require urgent attention, and prompts to seek care from a nearby health facility where
appropriate. It also includes a health education function for frequently asked questions on
common diseases and preventive practices. The study was therefore to evaluate functions
directly connected to information access, symptom guidance, referral support, usability, clarity,
and user acceptance where advanced functions such as electronic medical records, laboratory
integration, automated prescriptions, appointment booking, disease surveillance dashboards,

and clinician-to-patient teleconsultation was to fall outside the scope of this study.

1.7.6 Technological Scope

Technologically, the study developed a lightweight web-based prototype that can be accessed
through common internet-enabled devices such as smartphones, tablets, or computers. The
proposed prototype uses a simple responsive interface, a backend for processing user
interactions, and a structured health information repository to support response generation. The
Al component was be limited to natural language processing and retrieval-based response
generation for basic health information and referral-oriented prompts where the
implementation of the CDHC “Virtual Doctor” prioritized English for feasibility. Therefore,
this study was not to develop a fully offline system, a hospital information system, a mobile

application for app-store deployment, or a clinically certified diagnostic engine.

1.8 Justification of the Study

This study is important because it explores how digital technology can be used to improve
access to health information in rural communities. Many people in the Bukedi Sub-Region

experience challenges in obtaining timely health guidance due to long distances to health
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facilities, limited healthcare resources, and inadequate access to reliable information.
Therefore, developing a Community Digital Health Companion (CDHC) may provide users
with an accessible source of basic health information and symptom guidance before they seek
professional medical care.

The study is also important because it provides an opportunity to apply artificial intelligence
technology to a real community problem since the proposed system was to demonstrate how
Al-powered tools can be designed to support health information access in a simple and user-
friendly manner. The project is feasible within the scope of an undergraduate Computer Studies
program and resulted into a working prototype that can be evaluated by potential users.
Academically, the study contributed knowledge on the development and evaluation of digital
health solutions for rural communities and the findings may be useful to researchers, software
developers, healthcare practitioners, and policymakers interested in improving access to health
information through technology. The study also provided a foundation for future
improvements, including local language support and other features that enhance usability in

rural settings.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

This chapter reviews the scholarly and technical literature that informs the design and
development of the proposed Al-powered Community Digital Health Companion (CDHC)
“Virtual Doctor” for the Bukedi Sub-Region. The review establishes a foundation for the
system by first examining the fundamental principles of information systems and their specific
application within the health sector. This approach ensures that the CDHC is understood not
merely as a software application, but as a socio-technical system where accuracy, usability,
and reliability are paramount.

The review is structured around Requirements for Rural and Multilingual Contexts, Symptom
Data Management, Al Model and Interface Design, Evaluation Frameworks and then
concludes by synthesizing the current state of knowledge and identifying the specific research

gaps that the CDHC “Virtual Doctor” aims to address.

2.1.1 Information Systems

An Information System (IS) is an organized set of people, technologies, data, procedures, and
communication networks that work together to collect, process, store, and distribute
information for decision-making and problem-solving purposes. Information systems play a
vital role in modern organizations by transforming raw data into meaningful information that
supports planning, coordination, control, and service delivery. They are commonly described
as socio-technical systems because their effectiveness depends not only on technology but also
on the people who use them and the processes that govern their operation (Laudon & Laudon,
2022).

The major components of an information system include hardware, software, data, people, and
procedures. These components interact to ensure that information is accurate, timely, relevant,
and accessible to users. Information systems are widely used across sectors such as education,
business, agriculture, government, and healthcare to improve efficiency, communication, and
decision-making. So, advances in digital technologies have further enhanced information
systems through the integration of mobile platforms, cloud computing, data analytics, and
artificial intelligence (Stair & Reynolds, 2021).

In the healthcare sector, information systems are commonly referred to as Health Information
Systems (HIS) and they support the collection, management, storage, and exchange of health-

related information to improve healthcare delivery and patient outcomes. Health information
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systems facilitate record management, disease surveillance, clinical decision support,
communication among healthcare providers, and access to health information by patients and
communities. Because they handle sensitive and life-critical information, such systems require
high levels of accuracy, reliability, security, and data integrity (World Health Organization,
2021).

Health information systems have become particularly important in low-resource and rural
settings where shortages of healthcare personnel and limited access to health facilities often
constrain healthcare delivery. Through digital platforms, communities can access health
information and support services more efficiently, helping to improve awareness and timely
decision-making. In this study, the proposed Community Digital Health Companion (CDHC)
is viewed as a health information system that receives user symptom descriptions, processes
health-related information, and provides guidance to support informed health decisions. Its
effectiveness therefore depends not only on the underlying technology but also on the quality

of information provided, system usability, and its ability to meet the needs of intended users.

2.1.2 Information Systems in the Health Sector

Information Systems have become fundamental tools in the delivery and management of
healthcare services. In the health sector, these systems are commonly known as Health
Information Systems (HIS), which comprise people, technologies, procedures, and data that
work together to collect, process, store, and disseminate health information. Health Information
Systems support healthcare providers, administrators, and policymakers by providing accurate
and timely information for planning, monitoring, decision-making, and service delivery (World
Health Organization, 2021).

Health Information Systems perform several important functions within healthcare
environments. These include maintaining patient records, supporting disease surveillance,
managing healthcare resources, facilitating communication among healthcare professionals,
and improving the overall quality of care. Through electronic health records, clinical decision
support systems, telemedicine platforms, and mobile health applications, healthcare
organizations can improve efficiency, reduce errors, and enhance patient outcomes (Laudon &
Laudon, 2022).

In recent years, advances in digital technology have transformed Health Information Systems
by incorporating artificial intelligence, cloud computing, and mobile technologies, and these
innovations enable healthcare systems to process large volumes of health data, provide real-

time information, and support early detection of health conditions. Al-powered systems, in
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particular, have demonstrated potential in symptom assessment, disease prediction, health
education, and decision support, thereby improving access to healthcare information and
services (Constantin Aliferis & Gyorgy Simon, 2024).

The importance of Health Information Systems is particularly evident in developing countries
where healthcare resources are often limited. In such settings, digital health solutions can help
bridge gaps in healthcare access by extending health information and support to underserved
populations. By enabling timely access to health guidance and facilitating communication
between communities and healthcare providers, Health Information Systems contribute to
improved health outcomes and more efficient healthcare delivery (Aboye et al., 2023;
Ouedraogo, 2023).

As healthcare continues to embrace digital transformation, Health Information Systems are
expected to play an increasingly important role in supporting patient-centred care,
strengthening health systems, and expanding access to reliable health information. Their
integration with emerging technologies such as artificial intelligence presents new
opportunities for addressing healthcare challenges while improving the quality, accessibility,

and efficiency of health services.

2.2 Digital Health in Rural Settings

Digital health refers to the use of information and communication technologies to support
healthcare delivery, health education, disease prevention, and health system management.
These technologies include telemedicine, mobile health (mHealth), electronic health records,
wearable devices, and artificial intelligence enabled health applications. Digital health has
emerged as an important approach for improving access to healthcare services, particularly in
rural and underserved communities where shortages of healthcare workers and limited
healthcare infrastructure remain significant challenges (World Health Organization, 2021).

In many rural areas, access to healthcare services is constrained by long travel distances,
inadequate transport systems, limited healthcare facilities, and shortages of trained medical
personnel. Digital health interventions have the potential to reduce some of these barriers by
providing remote access to health information, consultation services, and decision-support
tools. Mobile phones have become particularly important because they enable communities to
access health-related information even where healthcare facilities are difficult to reach (Aboye

etal., 2023).
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Several studies have reported positive outcomes from digital health initiatives in rural settings.
Telemedicine platforms have improved communication between patients and healthcare
providers, while mobile health applications have supported health education, disease
monitoring, and treatment adherence. Al-powered health systems have also demonstrated
potential in providing symptom guidance and assisting users in making informed decisions
about seeking medical care (Mahani Soale Fuseini et al., 2024) (Anand et al., 2024).

Despite these benefits, the implementation of digital health technologies in rural communities
faces several challenges. These include limited internet connectivity, low levels of digital
literacy, affordability constraints, language barriers, and concerns about the reliability of digital
health information. Research suggests that digital health solutions are most effective when they
are designed to reflect the social, cultural, and technological realities of the communities they
are intended to serve (Ouedraogo, 2023). Addressing these challenges is therefore essential for
ensuring equitable access to digital health services and maximizing their impact on healthcare

delivery.

2.3 Symptom Data Collection

Symptom data collection is a critical stage in the development of disease prediction and
decision-support systems. According to K. V. Indulekha and S. P. (2025), the quality of
symptom datasets significantly influences the performance of machine learning models
because such models learn patterns directly from the data used during training. Similarly,
Ashish Vishwakarma (2025) observed that accurate disease prediction depends on well-
structured datasets that undergo proper cleaning, normalization, feature selection, and encoding
before model development. Where symptom data are incomplete, inconsistent, or poorly
curated, prediction accuracy may be reduced due to overlapping disease characteristics and
data quality issues. These findings suggest that data preprocessing is a fundamental
requirement in the development of symptom-based health information systems.

Several researchers have explored different approaches to symptom-based disease prediction.
K. V. Indulekha and S. P. (2025) reported that many disease prediction systems use structured
symptom-disease datasets and apply classification techniques to identify likely health
conditions. Eshwar Thatikonda et al. (2026) further noted that effective preprocessing should
address challenges such as missing values, duplicated records, spelling inconsistencies, and the
conversion of free-text symptom descriptions into standardized categories. Other studies have
employed ensemble learning techniques, including Random Forest and voting classifiers, to

improve prediction accuracy and reduce model overfitting (M. Muthulekshmi & S. Sujatha,
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2024). These approaches demonstrate the importance of preparing symptom data carefully
before it is used for prediction or decision support.

Beyond technical considerations, symptom data collection should reflect the health conditions
and experiences of the target population. M. Muthulekshmi and S. Sujatha (2024) emphasize
that digital health systems are more effective when their knowledge bases represent the disease
patterns and health concerns commonly experienced by intended users. In low-resource
settings, this may include infectious diseases, maternal health conditions, environmental health
risks, and illnesses associated with delayed healthcare seeking. Although existing studies
provide useful models for symptom-to-condition mapping, many rely on datasets developed in
contexts that differ from those of rural communities in developing countries. This highlights
the importance of collecting and preprocessing symptom data that reflects the realities of the
intended users and supports the development of more relevant and reliable health guidance

systems.

2.4 Al Model Design for Symptom Interpretation

Literature on Al-powered health companions consistently shows that the implementation layer
must combine machine intelligence with an interface that makes the output understandable to
non-specialist users. Web applications built with Python-based frameworks such as Flask,
paired with machine learning libraries such as scikit-learn, are common in this domain because
they allow modular development, rapid testing, and deployment through accessible browser-
based interfaces. Systems developed in this way are often designed to provide immediate
predictions, confidence scores, and follow-up guidance, which are particularly useful in
settings where the user is looking for preliminary advice rather than a definitive clinical
diagnosis (K.V. Indulekha & S. P., 2025).

Research on architecture models for disease prediction systems by Ashish Vishwakarma (2025)
shows a recurring pattern in which a user interface layer collects symptoms, a backend layer
processes the input, a trained model generates predictions, and a knowledge layer provides
interpretation or guidance. This architecture is widely adopted because it separates presentation
from application logic and simplifies future system upgrades, including multilingual and
mobile-based extensions. Cloud-based and API-based approaches further enhance scalability
and interoperability. M. Muthulekshmi and S. Sujatha (2024) reported that ETL pipelines,
structured databases, and secure web deployment architectures can support real-time prediction
systems while improving performance, scalability, and maintainability. Similar observations

were made by Ashish Vishwakarma (2025), who emphasized the value of modular system
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architectures in Al-driven healthcare applications. These findings suggest that effective Al-
powered health systems should provide a simple user experience while maintaining robust data
processing and prediction capabilities in the background.

Interface design is equally important in implementation. According to Brown, H. L.
(2025), research on symptom checker usability indicates that users are more likely to trust a
system when it provides clear language, explanatory feedback, and a workflow that resembles
natural conversation. Visual aids such as body maps, organized symptom menus, and well-
structured response panels can reduce cognitive load and improve the perceived usefulness of
the system. In multilingual or low-literacy environments, the interface must be especially
careful not to overload the user with technical terms or abrupt decision outputs. Consequently,
the implementation literature supports an approach in which the Al model and interface are
developed together rather than as independent components, because usability is part of the

system’s functional performance and not merely a cosmetic addition (Wei An Lin et al., 2024)
2.5 Evaluation of Digital Health Tools

The evaluation of digital health tools extends beyond technical functionality to include
usability, trust, reliability, and suitability for the intended users. According to Podda et al.
(2024), a digital health system may perform correctly from a technical perspective but still fail
if users find it difficult to understand or use. Common evaluation methods include the System
Usability Scale (SUS), user experience questionnaires, think-aloud protocols, and semi-
structured interviews. These approaches help researchers assess whether users can complete
tasks effectively, understand system responses, and perceive the system as useful and
trustworthy. Podda et al. (2024) further observed that users of symptom-checking systems often
evaluate such tools based on clarity of information, ease of navigation, and confidence in the
recommendations provided.

Evaluation of digital health systems also involves testing their functionality, reliability, and
predictive performance. Hongxia Shen et al. (2024) noted that functional testing verifies
whether system inputs produce the expected outputs, while model evaluation assesses
prediction accuracy, stability, and calibration. In their assessment of digital health applications,
Shen et al. (2024) emphasized that usability and technical performance should be evaluated
together because even highly accurate systems may have limited impact if users struggle to
operate them effectively. Reliability assessment techniques such as Cronbach's alpha, internal
consistency testing, and test-retest methods are also widely used to determine whether digital

health tools produce consistent and dependable results over time.
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Cultural appropriateness has increasingly emerged as an important consideration in the
evaluation of digital health interventions. Steinman et al. (2020) reported that digital health
programs implemented in underserved communities achieved better outcomes when they
reflected local communication practices, health beliefs, and user expectations. Similarly, Shadi
Saleh et al. (2025) found that language, cultural norms, trust in technology, and community
perceptions significantly influence the acceptance and use of digital health interventions. These
findings suggest that digital health systems should be evaluated not only for usability and
technical performance but also for their ability to communicate health information in ways that

users find understandable, relevant, and acceptable within their social and cultural contexts.

2.6 Synthesis and Research Gap

The literature reviewed in this chapter demonstrates significant advances in digital health
systems, disease prediction models, artificial intelligence applications, and digital health
evaluation frameworks. Existing studies have shown that Al-powered health tools can support
symptom interpretation, health information access, and decision-making through machine
learning techniques, web-based platforms, and mobile health (mHealth) technologies.

Despite these developments, several technical gaps remain.

First, many existing systems focus primarily on prediction accuracy while giving limited
attention to the integration of symptom data collection, preprocessing, model development, and
user interface design within a single framework. As a result, many solutions address individual
components of the system but provide limited guidance on how these components can work
together effectively in a complete digital health solution.

Secondly, existing symptom-based health systems frequently rely on generic symptom datasets
and standardized processing approaches. Limited attention has been given to the development
of preprocessing mechanisms that support context-specific symptom representation and
improve the quality of data used for prediction. Since the performance of Al models depends
heavily on the quality of input data, this remains an important technical challenge.
Furthermore, while many studies discuss Al model performance and usability separately, fewer
studies demonstrate how intelligent symptom interpretation, user-centred interface design, and
system evaluation can be integrated into a unified development process. This creates a gap in
the design and implementation of comprehensive Al-powered health companion systems that
combine accurate prediction, usability, and effective information delivery within a single

architecture.
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The present study seeks to address these gaps by developing and evaluating an Al-powered
Community Digital Health Companion (CDHC) "Virtual Doctor" that integrates symptom
data preprocessing, Al-based symptom interpretation, user-friendly interface design, and

system evaluation within a unified framework.
2.6. Intended Contribution of the Study

The proposed study seeks to address the identified technical gaps by developing and evaluating
an Al-powered Community Digital Health Companion (CDHC). The study intends to integrate
symptom data preprocessing, Al-based symptom interpretation, user-centred interface design,
and system evaluation within a unified development framework. Through this approach, the
research aims to contribute knowledge on the design and implementation of digital health
support systems suitable for rural and resource-constrained environments. The findings may
also provide insights for future studies on Al-enabled health information systems and localized

digital health interventions.

2.8 Chapter Summary

This chapter reviewed literature relevant to the development of Al-powered digital health
systems. The review examined information systems and their application in the health sector,
digital health in rural settings, symptom data collection and preprocessing techniques, Al
model design for symptom interpretation, and approaches used to evaluate digital health tools.
The literature highlighted the importance of data quality, user-centred design, system usability,
and reliable evaluation in the development of effective digital health solutions.

The chapter also identified existing technical gaps in the integration of symptom data
preprocessing, Al-based symptom interpretation, user interface design, and evaluation within
a unified framework. These gaps provide the basis for the proposed study. Having established
the theoretical and conceptual foundation of the research, Chapter Three presents the
methodology that was guide the design, development, and evaluation of the proposed

Community Digital Health Companion (CDHC).
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CHAPTER THREE: METHODOLOGY

3.1 Chapter overview

This chapter presents the methodology that guided the development and evaluation of the
proposed Al-powered Community Digital Health Companion (CDHC) "Virtual Doctor" for
rural communities in the Bukedi Sub-Region. The chapter presents data collection methods,
data analysis techniques, data collection considerations, development methodology,
implementation tools, testing strategy, and ethical considerations employed throughout the
research. The methodology was deliberately structured to support requirements gathering,
artifact development, and iterative validation in a manner consistent with digital health system
research and applied software engineering practice.

The study employed a hybrid methodology that combined qualitative and quantitative
approaches within a design science research orientation. Design Science Research was
appropriate because the central purpose of the study was to create a useful artifact the CDHC
"Virtual Doctor" designed to provide localized, accessible, and context-sensitive health
information. The hybrid design allowed the researcher to gather rich contextual requirements
from users and stakeholders while also generating measurable evidence on usability, accuracy,

and acceptability during evaluation.

3.2 Data Collection

Data collection was conducted using four primary methods: semi-structured interviews,
questionnaires, observation, and health document analysis and these methods were selected to
ensure comprehensive gathering of both qualitative insights and quantitative metrics necessary
for the development and evaluation of the CDHC Virtual Doctor prototype.

The study involved data collection from 60 participants, comprising 25 user survey
respondents, 20 focus group participants, and 15 key informants targeting adults aged 18 to 60
years living in selected rural households, community health workers, and health Centre

personnel within Bukedi

3.2.1 Data Analysis

Qualitative Data Analysis: Qualitative data from interviews and open-ended observations
were analyzed thematically where the researcher coded repeated ideas, grouped them into

categories, and derived themes related to information needs, system usability, language
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expectations, trust, and referral support. Thematic analysis was suitable because it allowed
patterns in user experience to be identified and translated into design requirements for the
system.
The qualitative findings directly informed revisions to the prototype during the Rapid
Application Development cycles.
Quantitative Data Analysis: Quantitative data from questionnaires were analyzed using
descriptive statistics including frequencies, percentages, means, and standard deviations. These
statistics were used to summarize participant responses on usability, relevance, satisfaction,
and perceived utility of the system. Descriptive analysis was appropriate because the evaluation
component of this project was intended primarily to measure response tendencies and identify
general strengths and weaknesses in the prototype rather than to test large-scale causal
relationships.
Basic comparative summaries were used to compare responses across participant categories,
such as community users and health workers.
Sample Size Determination: The quantitative component utilized Cochran's formula to
determine a statistically representative sample size. A sample size of 60 respondents was
established, categorized into three specific stakeholder groups:

Community Members (n=45): Primary end-users who assessed usability, language

clarity, and cultural appropriateness.

Healthcare Professionals (n=10): Local clinicians, nurses, and Village Health Team

(VHT) lead who evaluated clinical relevance and triage accuracy.

IT/Technical Experts (n=5): Software developers and systems analysts who assessed

technical performance, architectural stability, and interface design logic.

3.2.2 Data Collection Techniques and Considerations

Below are the techniques used in data collection.
Semi-Structured Interviews: These were conducted with selected health workers and
technical stakeholders to explore system requirements, perceived risks, local health
information priorities, and expectations for an Al-assisted digital companion. Interviews
allowed the researcher to probe for detailed explanations and context-specific
recommendations that may not emerge from closed-ended instruments. In this design

science study, interview data were particularly useful during the problem identification and
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requirements analysis stages as they informed the functionality that the artifact should
support.
Questionnaires: These were administered to community respondents during the user
evaluation phase to capture structured feedback on usability, clarity, response relevance,
and perceived usefulness of the prototype. Questionnaires included both Likert-scale items
and open-ended questions to capture a range of responses.
Observation: This technique was used to record how participants navigated the interface,
phrased their questions, and reacted to system outputs during testing sessions. Observation
provided real-time insights into user behavior and interaction patterns that self-reported
data might miss.
Document Analysis: This complemented the other methods by reviewing relevant health
communication materials, existing referral guidance, and publicly available health
information resources that informed the knowledge base of the system.

Data Collection Considerations: The following considerations guided the data collection

process:
Informed Consent: All participants provided written or verbal informed consent before
participation, clearly stating the voluntary nature of their involvement and their right to
withdraw at any time.
Language Accessibility: Data collection instruments were translated into locally
appropriate languages where necessary to ensure comprehension and accurate responses.
Privacy and Confidentiality: Participant identities were protected by assigning unique
codes rather than using personal names. All records were stored securely with access
restricted to the researcher and authorized persons.
Cultural Sensitivity: Questions and interactions were framed to respect local cultural
norms regarding health communication and personal information sharing.
Timing and Location: Data collection activities were scheduled at times and locations

convenient for participants, minimizing disruption to their daily activities.

3.3 Development Methodology

The study employed Design Science Research (DSR) as the overarching methodological
paradigm. DSR was particularly suited for creating innovative solutions to practical problems,

emphasizing iterative evaluation and utility. Since the CDHC "Virtual Doctor" is an engineered
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response to gaps in rural health communication, the study followed the DSR logic of problem
identification, artifact construction, and contextual evaluation.

Within the DSR framework, Rapid Application Development (RAD) was used as the
practical system development model. RAD was suitable for this study because it supported
quick prototyping, continuous user feedback, and incremental refinement of interfaces and
functions. These characteristics were particularly important in a rural healthcare context where
user expectations, language preferences, and information needs became clearer after early
interaction with the prototype.

The development process followed these RAD phases:

Phase Activities

Requirements Planning Literature review, stakeholder interviews, user

needs analysis

User Design Interface mock-ups, conversation flow design,
prototype walkthroughs
Construction System coding, API integration, database setup,

iterative builds

Cutover Testing, user acceptance, feedback collection,

final refinements

Table I Showing cdhc development process

3.5 Implementation Tools

The CDHC "Virtual Doctor" was implemented as a web-based Al-powered health companion
using the following technology stack:
Frontend Technologies:
HTMLS5, CSS3, and JavaScript for core structure and styling
React (component-based UI library) for dynamic conversation windows, clean navigation,
and mobile-friendly rendering
Responsive design principles to ensure accessibility on low-cost smartphones and devices
with varying screen sizes
Backend Technologies:
Python as the server-side programming language, chosen for its excellent integration with

Al services, natural language processing workflows, and data-processing utilities
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Flask (lightweight web framework) for request routing, conversation management, and

API endpoint handling

Al Integration:

Anthropic Claude API as the conversational reasoning engine for generating context-
aware responses
Controlled prompt structure with curated knowledge base content and safety constraints

to ensure outputs remained informative, concise, and appropriately cautious

Database:

PostgreSQL (relational database) for storing structured records including user profiles,
symptom categories, conversation logs, health content entries, feedback submissions,
and evaluation results

A separate knowledge repository for curated medical guidance, symptom-response

mappings, and referral rules

Deployment and Version Control:

Git and GitHub for version control to support collaboration, traceability, and iterative
refinement

Docker (lightweight containerized environment) to standardize development and
testing across machines

Local development environment with cloud-based hosting options depending on

resource availability

System Architecture: The overall system followed a three-tier model comprising:

Presentation Layer: User interface accessible via web browser on smartphone or

computer

Application Logic Layer: Request routing, conversation management, prompt

engineering, and Anthropic API integration

Data Layer: Persistent storage of user profiles, symptom logs, consultation history, health

content, outbreak alerts, and feedback records

3.6 Testing Strategy

The system was tested through a comprehensive three-level testing strategy:

3.6.1 Unit Testing

Unit testing verified that individual modules operated correctly. The following components

were tested in isolation:
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o Input handling and validation functions
e APIrequest and response formatting
o Database query operations (CRUD operations)
e Urgency detection and triage classification logic
o Response moderation and safety rule enforcement
Each function was tested with valid, invalid, and edge-case inputs to ensure robustness and

error handling.

3.6.2 Integration Testing

Integration testing confirmed that modules worked together as expected when a user submitted
a query and received a response. Integration tests verified:

e End-to-end flow from frontend user input to backend processing

e Successful communication between Flask backend and Anthropic Claude API

e Proper data persistence across the database layer

o Session management across multiple conversation turns

e Feedback submission and retrieval pathways

3.6.3 User Acceptance Testing (UAT)

User acceptance testing involved representative users who interacted with the system and
provided feedback on usability, clarity, and usefulness. UAT was conducted with all three
stakeholder groups:
i. ~ Community members (n=45) assessed the interface, language clarity, and overall user
experience
ii. ~ Healthcare professionals (n=10) evaluated clinical relevance and safety of responses
ii.  IT/Technical experts (n=5) reviewed system performance and architectural stability
Testing sessions followed a structured protocol where participants completed predefined tasks
including account registration, symptom description, interpretation of system responses, and
feedback submission. Observation notes and post-test questionnaires were collected for

analysis.
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3.6.4 Evaluation Metrics

Evaluation focused on three core dimensions consistent with the study objectives:

Dimension Metrics Data Source

Usability Task completion rate, time on task, error rate, | Observation, questionnaires
System Usability Scale (SUS) score

Accuracy Response relevance score, safety of triage | Expert review,  health
classification, appropriateness of referral | professional evaluation
suggestions

Cultural Language acceptability, tone appropriateness, | Questionnaires, interview

Appropriateness relevance of examples, trust perception feedback

Table Il Showing cdhc Evaluation Matrics

Feedback gathered during evaluation informed the final refinement of the prototype. This

testing logic was consistent with design science research, where artifact quality is judged

through both technical performance and human-centred usefulness.

3.8 Ethical Considerations

The study observed core ethical principles of respect for persons, beneficence, and justice

throughout all phases of research, development, and evaluation.

3.8.1 Informed Consent

Participation in interviews, questionnaires, or testing activities was entirely voluntary.

Informed consent was obtained from all participants before any data collection began. The

consent process included:

i.  Clear explanation of the study purpose and procedures

ii. ~ Disclosure that the CDHC Virtual Doctor is an informational support tool and not a

substitute for professional medical diagnosis or emergency care

iii.  Information about the voluntary nature of participation and the right to withdraw at any

time without penalty

iv.  Explanation of how data would be used, stored, and protected

v.  Contact information for the researcher and supervisors for any questions or concerns
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3.8.2 Confidentiality and Data Protection

Confidentiality was maintained through multiple safeguards:

1.
il.
iii.

1v.

Access to participant data was strictly limited to the researcher and authorized persons
Personally identifiable information was removed from all records used for analysis
Participant codes were used instead of names on all data collection instruments
Digital records collected during the study were stored on password-protected devices
with encryption

Data backups were secured and access-logged

3.8.3 Risk Mitigation and Beneficence

The study included specific measures to protect participants from potential harm:

The CDHC Virtual Doctor was clearly labelled as an informational tool, not a medical
device

System responses included appropriate disclaimers and referral recommendations
Emergency-related keywords triggered immediate advice to seek in-person medical
care

No diagnostic or treatment decisions were automated or prescribed by the system
Participants experiencing health concerns during testing were directed to appropriate

health facilities

3.8.4 Justice and Fairness

The study ensured fair treatment of all participants:

Inclusion criteria were applied consistently without discrimination

Communities were selected based on health access needs, not convenience alone

No coercive incentives were offered for participation

Findings from the study was be shared with participating communities and health

facilities
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3.8.5 Institutional Approval

Before commencing data collection, the researcher obtained necessary approvals from:
> The Department of Computer Studies, Faculty of Science and Education, Busitema
University
> Relevant local health authorities in the Bukedi Sub-Region

» Community leadership in participating districts

3.8.6 Limitation of Liability and Transparency

Participants were clearly informed that:
The CDHC Virtual Doctor is a research prototype under development
The system does not replace professional medical consultation
Emergency situations require immediate contact with formal health services
The researcher and the university assume no liability for health decisions made based on
system outputs
These ethical safeguards supported both the protection of participants and the credibility of the
research process, ensuring that the study contributed valuable knowledge without

compromising human welfare.
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CHAPTER FOUR: SYSTEM ANALYSIS AND DESIGN

4.1 Chapter Overview

This chapter presents a comprehensive analysis and design of the proposed Al-powered
Community Digital Health Companion (CDHC) "Virtual Doctor" system. The chapter begins
by examining the current system of health information access in the Bukedi Sub-Region,
identifying its problems and merits. It then outlines the requirements both functional and non-
functional that guide the development of the Virtual Doctor. The chapter proceeds to present
the system design, including network architecture, context diagram, data flow diagram, login
process flowchart, database design, use case diagram, data dictionary, and user interface
designs. Together, these artifacts provide a complete blueprint for implementing the CDHC

Virtual Doctor system.

4.2 Introduction

System analysis and design is a critical phase in the development of any information system.
It involves understanding the existing system, identifying its limitations, specifying what the
new system should do, and designing how it was accomplish those objectives. For the CDHC
Virtual Doctor, this phase is particularly important because the system must address real
healthcare information gaps while remaining accessible, usable, and trustworthy for rural
communities with varying levels of digital literacy.

The analysis presented in this chapter is grounded in the requirements gathered through
interviews, questionnaires, and document review conducted in the Bukedi Sub-Region. The
design reflects the principles of human-centered computing, design science research, and the
technical specifications necessary for integrating conversational Al into a functional health

companion prototype

4.3 The Current System

The current system of health information access in the Bukedi Sub-Region is largely informal,
fragmented, and non-digital. It consists of several interconnected channels through which

community members obtain health guidance when symptoms arise:
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L Community Health Workers (Village Health Teams VHTs)

VHTs serve as the primary frontline health information source in most rural communities.
These volunteers receive basic training in common diseases, first aid, and referral procedures.
Community members often consult VHTs first when experiencing symptoms because they are
locally available, familiar, and do not charge for consultations. However, VHTs are limited in

number, often under-resourced, and their knowledge is confined to basic protocols.

II.  Health Centre Visits
For more serious concerns or when symptoms persist, community members travel to
government health centers (Health Centre I, III, or IV) or private clinics. The process involves
traveling distances that can exceed 5-10 kilometers, waiting for extended periods, paying
consultation fees at private facilities, and sometimes being referred to higher-level facilities.

The time and cost involved often delay care-seeking until symptoms become severe.

III. Informal Advice Networks

Family members, neighbors, elders, and local drug shop vendors constitute an important source
of health information. Drug shop vendors, in particular, are frequently consulted because they
are accessible and provide immediate advice, though their training varies considerably.
Traditional herbalists and community healers also play a role, especially for conditions

perceived as culturally rooted.

IV. Radio Health Programs

Some local radio stations broadcast health education programs, often featuring health workers
discussing specific diseases, prevention strategies, and when to seek care. These programs
reach wide audiences but are one-way communications; listeners cannot ask questions about

their specific symptoms or receive personalized guidance.
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V. Printed Materials

Posters, pamphlets, and notice boards at health facilities and community centers provide static
health information. These materials are useful for general education but are often unavailable,

outdated, or written in English beyond the literacy level of some community members.
VI.  Mobile Phone Consultations

A growing practice involves community members calling relatives who work in healthcare or
using mobile money to consult private practitioners by phone. While this provides some access,
it is ad hoc, unregulated, and not scalable.

Therefore, current system operates without a centralized, reliable, on-demand source of
symptom-based guidance that respects local language preferences and literacy levels. Most
significantly, there is no mechanism for community members to receive immediate,
personalized health information without traveling to a facility or waiting for a health worker's

availability.

4.4 Problems of the Current System

The current system suffers from several critical problems that the CDHC Virtual Doctor aims

to address:
Problem Description Impact
Delayed Access to | Community members must travel long | Delayed care-seeking,

health Information distances or wait for VHT availability to | progression  of

obtain health guidance conditions to severe states
Limited Availability | VHTs are few relatives to population yet | Long queues,
of Trained Personnel | health centres have staffing shortages consultations, incomplete
information

depends on individual knowledge signs

Inconsistent Quality | Drug shop vendors and informal advisors | Risk of  incorrect

of Advice have variable training where advice quality | treatment, missed warning
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Language Barriers

Formal health information is often in English
but many community members are more
comfortable with local languages (Luganda,

Lusoga, Ateso, Lugwere)

Misunderstanding, low uptake

of health guidance

NoPersonalized

Symptom Guidance

Radio programs and printed materials provide

general information only

Users cannot obtain advice

specific to their symptoms

Travel Costs and | Transport to health facilities costs money; | Economic burden, especially
Lost Time waiting consumes productive hours for daily wage earners
No24/7 Availability | VHTs and health centres operate during | Emergency delays,

limited hours; night-time or weekend

symptoms must wait

unnecessary suffering

Low Digital Health
Literacy

Existing digital health tools assume literacy
and technical comfort unfamiliar to rural

users

Digital exclusion of those who

need information most

Lack of Trust in

Generic symptom checkers from outside the

Skepticism, reluctance to use

Generic Digital Tools | region do not acknowledge local disease | available technologies
patterns or health realities

No Structured | Current system offers no guidance on urgency | Inappropriate facility choices,

Referral Support levels or which facility to visit for specific | wasted resources

symptoms

Table III Showing Problem of the current system

4.5 Merits of the Current System

Despite its limitations, the current system possesses certain strengths that the proposed Virtual

Doctor should acknowledge and, where possible, complement rather than replace:

1. Human Connection and Empathy

VHTs and health workers provide compassionate, face-to-face interaction that builds trust.

Community members value being listened to by someone who understands their context.
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2. Local Knowledge:

Community health workers understand local disease patterns, seasonal variations, and cultural

health beliefs. This contextual knowledge improves the relevance of their advice.

3. Zero Cost for Public Services

Government health centers provide consultation services free of charge (though medication

may have costs). For the poorest community members, this is essential.

4. Established Trust Networks

Relationships between communities and their VHTs have developed over years so Referral

pathways are understood and accepted.

S. Physical Examination Capability

In-person consultation allows health workers to examine patients, take vital signs, and use

diagnostic tools capabilities no digital system can replace.

6. Integration with Formal Health System

VHTs maintain records, participate in disease surveillance, and connect communities to higher-

level facilities. This integration supports public health functions.

7. No Technology Dependence

The current system does not require electricity, internet connectivity, devices, or digital

literacy. It is accessible to all regardless of technological means.

8. Cultural Appropriateness
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Traditional and informal sources of advice operate within culturally understood frameworks,
respecting community norms around health communication.

The CDHC Virtual Doctor is designed not to replace these merits but to augment them by
providing immediate, accessible guidance that can reduce unnecessary visits to overburdened

VHTs and health workers, while directing users to appropriate care when needed.

4.6 Requirements of the Virtual Doctor

The requirements for the CDHC Virtual Doctor were derived from literature review,
stakeholder interviews with community members (n=45), healthcare professionals (n=10), and
IT experts (n=5), and analysis of existing digital health systems. Requirements are categorized

into functional and non-functional requirements.

4.6.1 Functional Requirements

Functional requirements specify what the system must do the tasks, behaviors, and operations

the Virtual Doctor must support.

ID Requirement Description Priority

FRO1 | User Registration System shall allow users to create an account | High
with basic information (name, age, gender,

location)

FRO2 | User Authentication System shall verify user identity through login | High

credentials (username/email and password)

FRO3 | Symptom Description | System shall allow users to describe their | High

Input symptoms in natural language text

FRO4 | Conversational Health | System shall support multi-turn conversations | High
Query where users can provide additional details about

symptoms

FROS5 | Al-Powered Response | System shall process user input through | High

Generation Anthropic Claude API to generate context-aware
health guidance
FRO6 | Urgency Triage | System shall classify responses as GREEN (self- | High
Classification care), YELLOW (clinic visit recommended), or

RED (emergency - seek immediate care)
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FRO7 | Health  Information | System shall retrieve relevant health education | High
Retrieval content from a curated knowledge base
FROS8 | Referral System shall provide guidance on appropriate | High
Recommendations health facility types based on symptom severity
and location
FRO9 | Consultation History | System shall store and allow users to view their | Medium
past consultations and responses
FR10 | Feedback Submission | System shall allow users to rate responses and | Medium
submit comments on usefulness and clarity
FR11 | Multilingual Support | System shall support English as primary | Medium
Foundation language with data structures for future local
language expansion (Luganda, Lusoga, Ateso,
Lugwere)
FR12 | Health Content | System shall allow administrator to update | Low
Management health information, FAQs, and referral
guidelines
FR13 | Session Management | System shall maintain conversation context | High
within a single consultation session
FR14 | Disclaimer Display System shall clearly display disclaimers that the | High
tool is informational and not a substitute for
professional medical advice
FR15 | Emergency Keyword | System shall detect emergency-related keywords | High
Detection (e.g., "bleeding heavily", "unconscious") and
prioritize RED classification
FR16 | Outbreak Alert | System shall detect patterns of similar symptom | Low
Monitoring reports and generate alerts for potential
outbreaks

Table IV Summarizing Functional requirements

4.6.2 Non-Functional Requirements

Non-functional requirements specify quality attributes and constraints that govern how the

system performs its functions.

ID

Requirement

Description

Target Metric
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NFRO1

Usability

System shall be easy to learn and
use for users with limited digital

literacy

SUS score > 70; Task

completion rate > 85%

NFRO02

Response Time

System shall respond to user

queries  within  acceptable

waiting time

< 10 seconds for API
response; < 3 seconds for

static content

NFRO03

Availability

System shall be accessible when

users need health guidance

99%  uptime  during

planned testing hours

NFR04

Accessibility

System shall be usable on low-
end devices and slow network

connections

Responsive design;

Lightweight pages

(<500KB per request)

NFRO5

Security

System shall protect user data

from unauthorized access

HTTPS encryption;

Password hashing;
Session timeout after 30

minutes inactivity

NFRO6

Privacy

System shall not store personally
identifiable information beyond

user-provided registration data

No  third-party  data

sharing; Anonymized logs

NFRO7

Scalability

shall
load

System  architecture

support increased user
without performance

degradation

Support for concurrent
users as per testing phase
(target: 50 concurrent

sessions)

NFRO8

Maintainability

System shall be modular with
clear separation of concerns for

easier updates

Documented code;
Separation of frontend,

backend, and data layers

NFR09

Reliability

System shall produce consistent

responses for similar inputs

Response consistency >
90% for identical

symptom descriptions

NFR10

Safety

System shall avoid harmful
recommendations and include

appropriate disclaimers

Zero harmful outputs in

testing; All  responses

include safety disclaimers

Page | 34



NFR11 | Cultural System shall use language, | > 80% user agreement on
Appropriateness examples, and tone acceptable to | cultural  relevance in

Bukedi communities evaluation

NFR12 | Offline Capability | System shall be designed to | Progressive Web App

Foundation eventually support offline or | (PWA) readiness for
low-bandwidth modes future offline features
NFR13 | Auditability System shall maintain logs of | Complete log of
consultations for quality | timestamp, user input,
improvement system response,
classification

NFR14 | Interoperability System shall support API-based | RESTful API  design
integration with future health | documented

information systems

Table V Showing Functional requirements of cdhc

4.7 Design of the System

This section presents the technical design of the CDHC Virtual Doctor system. The design
follows a three-tier architecture comprising presentation layer (user interface), application
logic layer (backend processing), and data layer (database storage). Each design artifact is

presented and explained.

4.7.1 Virtual Doctor Network Architecture

The network architecture illustrates how the CDHC Virtual Doctor components are distributed
across the network and how they communicate. The system follows a client-server architecture
deployed in a cloud environment and anyone who has internet connection with credentials to
the system can access it from any part of the world, much us it was developed primarily for

Bukedi Sub-Region

4.7.2 The Virtual Doctor Context Diagram

The context diagram (also called Level 0 Data Flow Diagram) shows the entire system as a
single process and illustrates its interactions with external entities. It defines the system

boundary and identifies all external actors that interact with the CDHC Virtual Doctor.
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Al Prompt——————!  Anthropic

-~ Claude API
Response/

o Referral Reports
Symptom Description Health Alerts

| Health Questions—_| OHC [—Patient Guidance )

VIRTUAL DOCTOR VHT / Health Worker

Community Member

e Health Guidance

“~patient Queries
Community Health Data

Referral Advice
Self-care Info

Confirmation
Reports Export

Manage Content I

View Analytics System Administrator
Update Guidelines————1

Figure 1 Showing Contextual Diagram for cdhc
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4.7.3 The Level 1 Data Flow Diagram

The Level 1 Data Flow Diagram decomposes the single process from the context diagram into

major sub-processes, showing the flow of data between these processes and the data stores.

COMMUNITY MEMBER

— B "':'_SirmptomDescription____
Health Questions ] -~

Registration Details
|

]
Health Knowledge Database [

Process 1
User Registration

Process 3

Al Response Generation

(. '/’ l\

\/ . A Response
Al Prompt )
) 0—-._____‘%------7
Process 4 B
bl Urgency Triage &amp; Anthropic Claude API 0
Users Database Referral

— Reparts Bxport ( . /‘ " Patient Queries
e \ Referral Information - ~ Feedback Request
/ ;Ieta_ltht @5§CN Management )
\' Poent G- s
D4 SYSTEM ADMINISTRATOR HEALTH FACILITY VHT / HEALTH WORKER ; dh"”’ﬁ‘s{f .
Mlerts Database eednack Callection

Feedback Data

D5
Feedback Records

Figure 2 Showing data Flow diagram (Level 0)
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4.7.4 The Flow Chart of the Login Process / Onboarding

The following flowchart illustrates the sequence of steps a user follows to register, log in, and

access the CDHC Virtual Doctor system.
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v
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website

¥
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s « Password
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Password :
- Pas: w‘r Credentials
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Input Format
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Email
|
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Redirect Redirect
to Login to Dashboard

| ]
v

Dashboard Display:
» Health Tips

« Start Consult

« History

= Profile
User selects
“Start Health Consultation”

i

Proceed to
Symptom Input
Screen

END

(Entry to
Consultation)

Figure 3 Showing the Flow chart (cdhc Onboarding process)
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4.7.5 Database Design

The CDHC Virtual Doctor database is implemented using PostgreSQL. The entity-relationship

model is presented below, followed by table structures.

Entity-Relationship Diagram (ERD):

USERS SESSIONS MESSAGES
PK user_id i PK session_id 1 ARG message_id
full_name i FK user_id g FK session_id
email started_at role
phone ended_at content
age urgency timestamp
gender language token_count
location summary
password_hash
created_at 1
last_login
preferred_lang
is_active
HEALTH_TIPS
1 1
1 A 4 \ 4 PK | tip_id
FEEDBACK OUTBREAK_ALERTS title
PK | feedback_id PK | alert_id cavba
FK | session_id condition lcategory
FK user_id region a"?”age
A region
rating case_count
S season
comment severity
K created_at
submitted_at triggered_at :
expires_at
status
resolved_at

Figure 4 Showing Entity Relationship diagram for cdhc

4.7.6 The Use Case Diagram

The use case diagram identifies all actors and their interactions with the CDHC Virtual Doctor

system's functional capabilities.
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Figure 5 Showing the Use case Diagram
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CHAPTER FIVE: SYSTEM IMPLEMENTATION

5.1 Chapter Overview

This chapter presents the implementation of the Al-powered Community Digital Health
Companion (CDHC) “Virtual Doctor” system developed for rural communities in the Bukedi
Sub-Region. The chapter explains how the proposed system was translated from design
concepts into a functional software solution. It describes the implementation environment,
system architecture realization, frontend and backend development processes, database
implementation, Al integration, security mechanisms, and testing outcomes.

The implementation focused on creating a lightweight, scalable, and user-friendly web-based
health companion capable of supporting symptom-based health guidance, triage support,
referral recommendations, and conversational interaction. Particular emphasis was placed on
usability, accessibility, maintainability, and responsiveness to ensure the solution remained
suitable for low-resource rural environments.

The chapter also presents screenshots and descriptions of major system interfaces,
demonstrating how users interact with the CDHC Virtual Doctor during registration, login,

symptom consultation, feedback submission, and consultation history review.

5.2 System Architecture Implementation

The CDHC Virtual Doctor was implemented using a three-tier architecture consisting of:
I.  Presentation Layer (Frontend)
II.  Application Logic Layer (Backend)
III.  Data Layer (Database)
This architectural model was selected because it promotes modularity, scalability,
maintainability, and separation of concerns. The architecture also supports future expansion
such as multilingual support, offline capability, and integration with external health

information systems.

5.2.1 Presentation Layer Implementation

The presentation layer provides the user interface through which community users, healthcare

professionals, and administrators interact with the system.
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Technologies Used

The frontend was developed using the following technologies:

Technology Purpose

HTMLS5 Structure and content rendering

CSS3 Styling and responsive layouts
JavaScript Interactive functionality

React 18.2.0 Component-based user interface development
Tailwind CSS Responsive and lightweight UI styling
React Router DOM | Navigation between application pages
Axios Communication with backend APIs
React Query Data fetching and caching

React Hook Form | Form validation and management
Socket.io Client Real-time communication support

Table VI Summarizes the front Technologies used

Frontend Features Implemented

The frontend implementation included the following major features:

o User registration and authentication forms
o Chat-style consultation interface

o Symptom input and response display

o Triage classification visualization

e Consultation history dashboard

o Feedback and rating forms

e Administrative management dashboard

e Responsive mobile-friendly layouts

o Session management interfaces

e Error and notification handling

frontend

» node_modules

public

Figure 6 Shows Front end Implemetation

The interface design prioritized simplicity and readability to accommodate users with limited

digital literacy. Large buttons, minimal text clutter, and conversational layouts were adopted

to improve usability.
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5.2.2 Application Logic Layer Implementation

The backend layer handled business logic, request routing, API orchestration, conversation

management, security enforcement, and communication with the Al service.

Backend Technologies Used

Technology Purpose
Python 3.11 Server-side programming
Flask 2.3.0 Lightweight backend framework

Flask-JWT-Extended

Authentication and session management

Flask-SQLAlchemy

Database object-relational mapping

Flask-Migrate

Database migration management

Flask-CORS

Cross-origin communication support

Anthropic API SDK

Al conversational integration

Redis

Session caching and rate limiting

Gunicorn

Production application server

Pytest

Backend testing framework

Figure 8 Shows the backend technologies used

Core Backend Functionalities

The backend implementation supported the following operations:

1. User authentication and authorization

II.  Symptom query processing

III.  Communication with Anthropic Claude API

IV.  Consultation session management

V.  Triage classification logic

VI.  Feedback storage and retrieval

VII.  Consultation history management

VIIL

Health content retrieval

IX.  Emergency keyword detection

X.  System logging and monitoring

~ backend

che

Figure 7 Shows the backend Implementation

The backend followed a modular design pattern where each major functionality was separated

into service modules, improving maintainability and scalability.
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5.2.2 RAG Pipeline Implementation

Data Collection Summary

This shows source records by type healthy knowledge, triage rule, and source registry. It
continues to show source organizations especially WHO, Uganda MoH, Uganda Clinical
guideline and local data and also conditions covered like Malaria, Typhoid, Diarrheal,

Pneumonia/ARI

CDHC RAG Pipeline - Step 1: Data Collection Summary

Source Records by Type Conditions Covered
= Source Organizations

PneumonialAR1 14

Uganda Clinical Guidelines

-]

Diarthoeal Disease

Number of Records
o

2

Uganida MoH

0

Health Knowledge:

Triage Rules

Source Registry

Number of Records

Figure 9 Shows data collection Summary

Data Cleaning Results

This section shows data quality improvement before and after cleaning, Records retained after

cleaning (47/62) and final Dataset Composition

CDHC RAG Pipeline - Step 2: Data Cleaning Summary

Data Quality Improvement Records Retained After Cleaning Final Dataset Composition

B Before Cleaning

B Ater Cleaning Discarded (0)

Source Registry
(®)

Count

Heslth Knowledge
23)

~

Retained (47)

Missing Values Duplicates Invalid Format

Figure 10 Shows Data cleaning summary
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Data Structuring Results
Shows Document type by Health Knowledge 25, and 14 triage rules, displays field

completeness, Source URL coverage and Document ID Uniqueness

CDHC RAG Pipeline - Step 3: Data Structuring Summary
Document Types Field Completeness

Number of Documents

Health Knowledge
Count

Source URL Coverage Document ID Uniqueness

39
No URL (0)

35

30

25

20
15
10

5

Has URL (39)
L)

0

Unique IDs Duplicates.

Figure 11 Shows data structuring Summary

Chunking & Embeddings

This displays Document Vs Chunk Mapping of (1:1 mapping), Document length Distribution
of (8-27 words), Triage rule by Urgency level, Embedding Vector Dimension of (384), Model

comparison and Chunk metadata completeness
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CDHC RAG Pipeline - Steps 4 & 5: Chunking & Embeddings
Documents vs Chunks (1:1 Mapping) Document Length Distribution 5 Triage Rules by Urgency Level 5
a0 1

B Documents 10 | —= Mean 17.0 5
B chunks : —— Median: 18
]
£ ' 4
i
8 4
© i
|
i
= i
g
[ i 2a
z 1 [
5 g i -
EE- = i Fi
& ] E
2
15 4 z
10
2 1
5
O ealth Knowledge Triage Rules Total %75 0 125 150 175 20 25 B0 o Emergency UrgenuEmergency Urgent
Words per Document
Embedding Vector Dimension Model Dimension Comparison Chunk Metadata Completeness
400 384
0
ClinicalBERT
300
20
&
2 200 all-mpnet base v2
£
&
150
100
all-MiniLM-LE-vZ
0

Embedding Dimension

Figure 12 Showing data chucking and Embeddings

Vector Database & Retrieval

This shows the FAISS Index configuration of (39 vector, 384 dimensions), Retrieval
performance of (0.011ms, 89,833 queries/sec), Query type distribution, retrieval accuracy by

condition (100%), Source coverage, and triage Vs Health Retrieval Patterns

CDHC RAG Pipeline - Steps 6 & 7: Vector DB & Retrieval

FAISS Index Configuration Retrieval Performance Metrics Query Type Distribution (Test Data)
00
384 9,833
=0 80000
200
. 60000
200
40000
Emergency
150 ‘Tniage
100
20000
0 39 39
° - - ¢ . Gol1 - E—
Index Size Dimension vectors Avg Search Time Queries Per Recal @5
ms) Second fest)
Retrieval Accuracy by Condition Source Coverage in Retrieval Retrieval Pattern: Triage vs Health
40 B Triage Rules
100 B Health Knowledge
UG Clinical as
Gudeines i
20
- € 25
£ w 3
g uganda MoH = B
5 g 20
* g
« 15
10
EY 3
05
o 00
Typhoid Diarrhoeal Prieumonia s 10 15 20 £ o ES a0 Eemral Bympmm Emergency

Documents Referenced Query

Figure 13 Shows vector database and Retrieval
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Generation & Evaluation
o Shows generation performance summary, Response length by category(General,
Symptom, Emergency, Prevention), Response quality matrix, RAG Pipeline Evaluation
Scores (95%, 100%, 100%), pperformance Rating (Retrieval, Generation, Triage,
Overall), Pipeline Completion Status.

CDHC RAG Pipeline - Steps 8 & 9: Generation & Evaluation
Generation Performance Summary Response Length by Category Response Quality Metrics

5 2500
gy 2000 1947.0

1750
1500
1250
1000
750
s00
250

Emergency Prevention

a a

1500

Characters

1000

g

0.5

Avg Response Avg Generation
Length Time (s}

10
urce
age

a

o

Sou
Cavera
RAG Pipeline Evaluation Scores Performance Rating Pipeline Completion Status

100% 100%

Score ()
2
Score (%)

os 0 o6

o
=
o
o
&
e

@
E
&

Figure 14 Showing Model Evaluation

Complete Dashboard
Displays All pipeline statistics in one view, Source Records (25 Health, 14 Triage, 8
Registry), Search Performance (89,833 queries/sec), Retrieval Accuracy (100%),
Triage Rules by Urgency, Overall Performance Rating (93%)
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CDHC RAG Pipeline - Complete Project Dashboard

Source Records Records Retained RAG Documents ‘Chunks & Embeddings
5 400 384
Health %
60
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- E
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Figure 15 Summary of a complete cdhc dashboard

5.3 Al Integration Implementation

The CDHC Virtual Doctor integrated the Anthropic Claude API as the conversational

reasoning engine.

5.3.1 API Integration Workflow

The Al interaction process followed these steps:
I.  User submits symptom description
II.  Backend validates and sanitizes input
III.  Prompt is constructed using predefined templates
IV.  Request is forwarded to Anthropic Claude API
V.  Al-generated response is received
VI.  Safety and triage rules are applied
VII.  Final response is returned to user

VIII.  Consultation logs are stored in database
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The implementation used controlled prompt engineering techniques to reduce the likelihood of

harmful or misleading outputs.

5.3.2 Prompt Engineering

Structured prompts were used to ensure:
e Responses remained concise and understandable
e Medical disclaimers were consistently included
o Emergency situations were prioritized
e Recommendations avoided definitive diagnosis
e Guidance remained culturally appropriate
e Referral advice was emphasized where necessary
Example Prompt Structure
The system prompt instructed the Al to:
e Actas a health guidance companion
e Avoid replacing professional medical consultation
o Use simple and understandable language
e Provide triage classifications
e Recommend seeking professional care where appropriate

¢ Avoid unsafe treatment recommendations

ri, a warm and caring Virtual Doctor health assistant for the Community Digital Health Companion (CDHC) syst

illage health worker — human, warm, never robotic

nfections, diarrheal dis ., maternal/child health, skin conditions, eye infections.
location

1lth centre within 24-48 hours

[URGENCY LEVEL
specific ad

RULES: Never diagnose definitively. Never name prescription drugs. Always recommend professional care.”;

Figure 16 Prompt engineering structure

5.4 Database Implementation

The CDHC Virtual Doctor utilized PostgreSQL 15 as the primary relational database

management system.
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5.4.1 Database Tables Implemented

The following major database tables were implemented:

Table Name Purpose

users Stores user account information

consultations Stores consultation sessions

symptom_logs | Stores symptom descriptions

responses Stores Al-generated responses

feedback Stores user ratings and comments

health _content | Stores curated health information

outbreak alerts | Stores detected outbreak patterns

system_logs Stores system activity logs

administrators | Stores administrator credentials

Table VII Showing database implementation

5.4.2 Database Security Measures

The following measures were implemented to secure data:
o Password hashing using secure cryptographic algorithms
e JWT-based authentication tokens
e Role-based access control
e Encrypted communication using HTTPS
e Session expiration after inactivity
o Database access restrictions
e Audit logging for sensitive operations
These measures ensured compliance with ethical requirements relating to confidentiality and

privacy.
5.5 Implementation of Major System Modules

5.5.1 User Registration Module

The registration module enables users to create accounts using:
e Full name

o Email address
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e Password
e Gender
o Age

e Location

Input validation was implemented to prevent invalid data entry.

&

Create your account

Phone Number

+256785746253

v v

Create Account

Table VIII Showing user registration module

Features Implemented
o Duplicate account prevention
o Password strength validation
e Secure password hashing

o Registration confirmation notifications

5.5.2 Login and Authentication Module

The authentication module verifies user credentials before granting system access.
Features Implemented

e Secure login validation

o JWT session token generation

e Session timeout management

e Invalid login detection

o Logout functionality

The module ensured that only authorized users accessed protected system features.
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2]

L

Welcome back

Phone Number or Email

+256785746253

Table IX Showing user Login and authentication module

5.5.3 Conversational Consultation Module

This module forms the core functionality of the CDHC Virtual Doctor.
Features Implemented
e Natural language symptom input
e Multi-turn conversation support
o Al-generated health guidance
e Dynamic response rendering
o Consultation continuity within sessions
The interface was designed to resemble modern messaging applications in order to increase

familiarity and usability.
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Start consultation

Talk to Daktari — type or speak your symptoms.

Start now -~

W] ] s s o G e K o1 s 064482 b 1 mand O e il s s o s s €010 . 101 Ko s

Consultation — 4/25/2026 s a3 o b s, O s i e s e i b e 88

17 messages

° Habari yako, Milton! &

Welcome, my friend. I'm Daktari, and I'm here to help you feel better. It's good to meet you from Busia.

I'm listening and ready to help. What's troubling you teday? What brings you to speak with me?

| have headache foe two days

° Ah, I'm sorry to hear you've been suffering with that headache for two days now, Milton. That must be
uncomfortable.

Let me understand better so | can help you properly.

Where exactly do you feel the pain in your head? Is it all over, or in one spot like the front, back, or

sides?

o That's very good, Milton! Having a good appetite is a positive sign.

Now tell me - have you rested well these two days, or have you been working hard? And is the
headache getting worse, staying the same, or getting a bit better?

° | see, Milton. The headache is getting worse - that's something we need to pay attention to.
Let me ask you one more important thing:

Do you have any neck stiffness - meaning, when you try to bend your neck forward to touch your chin
to your chest, does it hurt or feel tight?

Figure 17 Showing conversational module
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5.5.4 Triage and Emergency Detection Module

The triage system categorizes responses into:

Triage Level | Meaning

GREEN Self-care recommended

YELLOW Visit clinic or health worker

RED

Seek emergency medical attention immediately

Emergency Detection Features

The system monitored keywords such as:

“unconscious”
“difficulty breathing”
“heavy bleeding”
“severe chest pain”

“convulsions”

Whenever such keywords were detected, the system automatically prioritized emergency

referral advice.

Thank you for that, Milton. That's helpful.

Okay, let me tell you what I'm thinking based on what you've shared with me:

My Assessment:

You have a headache at the back of your head for two daws that is getting worse, and you're feeling hot. You
don't have fever that youve measured, no cough, no sore throat, and your neck maowves fine. Your appetite is

good.

This could be a few things - maybe tension, maybe an infection starting, or maybe something else. Since your
headache is getting worse, I'm concerned we need to keep a closer eye on this,

My adwvice: YELLOW - Please visit a health clinic within 24 hours {today or tomomrow would be best). A
health worker there can check your temperature properly and examine you.

In the meantime:

- Rest in a cool, quiet place

- Drink plenty of clean water
- Awvoid hard work

If you develop fewer, stiff neck, confusion, or the pain becomes unbearable, go to the clinic TODAY or
Tororo/Busia Hospital right away.

Does this make sense, my friend? Do you have access to a clinic nearby?

Figure 18 Showing emergency detection

5.5.5 Consultation History Module

This module allows users to review previous consultations.

Features Implemented

Consultation history retrieval
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e Timestamped conversation records
o Triage history tracking
e Search and filtering capabilities
The feature improves continuity of health information access.
Health History

5 consultations

6/3/2026 GREEN

Alright, Milton. Thank you for answering all my guestions carefully. Let me tell you what I'm thinking based on what you've shared with me:
My Assessment:** You have a headach...

6/2/2026 GREEN

Milton, this is important. Since you're bleeding a lot from your tongue and it won't stop, **1 need to give you my assessment** @ **RED -
This needs emergency care NOW*™ **Plea...

5/11/2026 GREEN

Milton, my brother, | hear you and | want to help. But listen - | cannot give you medicine names myself. That's not my work as your health
friend. What | *can* do is tell you what...

Figure 19 Showing consultation history

5.5.6 Feedback Module

The feedback module collects user evaluations of system responses.
Features Implemented

e Response rating system

e Comment submission forms

o Satisfaction measurement

o Feedback analytics support

The module supports continuous system improvement.

5.6 User Interface Implementation

The user interface was implemented using responsive design principles to ensure compatibility
with:
e Smartphones

e Tablets

e Desktop computers
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e Low-resolution devices

5.6.1 Home Page Interface

The homepage provides:
e Introduction to the system
o Navigation options
e Login and registration links
e Health disclaimer information

The design emphasized clarity and minimalism.

ecDHC Home Consut Alets Tips History  Frofile

Good day, Ochiengi -
How are fi

you feeling today?

& 2 active health alerts in your region — tap o view

5 4/23/2026 Busia 30yrs

Start consultation

Talk 10 Daktari — type or speak your symptoms.

' Health tip: Malaria s common in Bukedi Skeep under 2 treated mosquito net every right and seek care immediately for fever and chills,

Figure 20 Showing home page interface

5.6.2 Chat Consultation Interface

The consultation interface includes:
e Message display window
e Symptom input area
e Send button
o Triage status indicators
o Referral guidance display
o Conversation history section

The interface supports real-time interaction between the user and the Al system.

5.6.3 Administrative Dashboard

The administrator dashboard supports:

o User management
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o Health content updates

e Feedback review

o Consultation log monitoring
o System statistics viewing

Administrative controls were restricted through role-based authentication.

@ coHe €I astbosms
Admin Dashboard sign out
CDHC System Control Panel — Bukedi Sub-region
n T . L] &
3 5 5 [} [} 2
Total Users Consultations GREEN Cases LOW Cases. RED Cases Active Alerts

m 28 Users % Consultations A Alerts Health Content & Export

Urgency Distribution By Region

GREEN — Home Care 5 (100%) Busiz 5 cases

YELLOW — Visit Clinic 0 (%)

RED — Emargency 0 (0%)

Recent Consultations

GREEN  Ochiengi Milton - Susia 6/3/2026

GREEN  Ochiengi Milten - Susia 6/2/2026

GREEN  Ochiengi Milton - Susia

Figure 21 Showing Admin dashboard

5.7 System Security and Privacy Implementation

Security and privacy were treated as critical implementation priorities due to the sensitive
nature of health-related data.
Security Measures Implemented
1. Password hashing
HTTPS communication
Secure authentication tokens
Session expiration handling
Input sanitization

SQL injection prevention

A L T e B

Cross-site scripting protection
8. Rate limiting against abuse

Privacy Measures Implemented
1. Limited collection of personal information
2. Anonymized consultation logs

3. Restricted database access
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4. No sharing of user data with third parties
5. Confidential handling of health interactions

These safeguards aligned with ethical requirements established during the study.

5.8 System Testing Results

The implemented system underwent unit testing, integration testing, and user acceptance

testing.

5.8.1 Unit Testing Results

Unit testing verified individual modules independently.
Modules Tested
o Authentication functions
e API communication functions
o Database CRUD operations
o Triage classification logic
e Session management
o Feedback handling
The tests confirmed that individual components behaved correctly under valid and invalid input

conditions.

5.8.2 Integration Testing Results
Integration testing validated communication between frontend, backend, Al services, and
database systems.
Results Achieved
e Successful frontend-backend communication
o Stable API response handling
e Accurate database persistence
e Reliable session continuity
e Functional consultation workflow

The system successfully processed complete end-to-end consultation interactions.

5.8.3 User Acceptance Testing Results

User acceptance testing involved:
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Stakeholder Group Participants

Community Members 45

Healthcare Professionals | 10

IT Experts 5

Key Findings

1. Most users found the interface easy to navigate
Healthcare professionals considered responses generally relevant and safe
Community members appreciated the conversational interaction style
Users valued the triage guidance functionality

Some users requested future local language support

AR i

Feedback indicated strong acceptance of the mobile-friendly interface
The testing results demonstrated that the system met the major usability and functionality

objectives of the study.

5.9 Challenges Encountered During Implementation

Several challenges were encountered during implementation:

5.9.1 Internet Dependency

The system depended on stable internet connectivity for APl communication, which may be
unreliable in some rural areas.

5.9.2 Al Response Variability

Al-generated responses occasionally varied for similar symptom descriptions, requiring
additional prompt engineering and moderation rules.

5.9.3 Limited Local Health Data

Obtaining localized and context-specific health datasets was challenging.

5.9.4 Resource Constraints

Hardware and hosting limitations constrained large-scale testing.

Despite these challenges, the implementation successfully achieved the primary objectives of

the project.
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5.10 Chapter Summary

This chapter presented the implementation of the Al-powered CDHC Virtual Doctor system
and described the realization of the three-tier architecture, frontend and backend
implementation, Al integration, database design, system security measures, and testing
outcomes.

The implementation successfully transformed the proposed system design into a functional
prototype capable of providing conversational health guidance, triage classification, referral
recommendations, consultation management, and feedback collection.

The next chapter presents the summary of findings, conclusions, recommendations, limitations

of the study, and suggestions for future work.
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CHAPTER SIX

SUMMARY, CONCLUSION, RECOMMENDATIONS, AND
LIMITATIONS

6.1 Chapter Overview

This chapter presents the summary of the study, conclusions drawn from the research findings,
recommendations for improvement and future implementation, limitations encountered during
the study, and suggestions for future research.

The chapter evaluates the extent to which the study objectives were achieved and reflects on
the contribution of the Al-powered Community Digital Health Companion (CDHC) “Virtual

Doctor” toward improving access to health guidance in rural communities.

6.2 Summary of the Study

The study focused on the design and development of an Al-powered Community Digital Health
Companion (CDHC) “Virtual Doctor” intended to improve access to health guidance in rural
communities within the Bukedi Sub-Region.
The study was motivated by several challenges affecting healthcare information access in rural
settings, including:

e Delayed access to health information

o Shortage of trained healthcare personnel

o Long travel distances to health facilities

o Lack of personalized symptom guidance

o Language and literacy barriers

o Limited availability of digital health tools adapted to local contexts

o Inconsistent quality of informal health advice
To address these challenges, the study adopted a Design Science Research (DSR) methodology
combined with Rapid Application Development (RAD). The methodology supported iterative
development, continuous feedback, and contextual refinement of the proposed artifact.
Data collection involved interviews, questionnaires, observation, and document analysis
involving community members, healthcare professionals, and IT experts.
The developed system implemented:

o User registration and authentication
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Conversational symptom consultation
Al-powered health guidance

Triage classification

Referral recommendations
Consultation history management
Feedback collection

Administrative content management

Emergency keyword detection

The system was implemented using React for the frontend, Flask and Python for the backend,

PostgreSQL for database management, and Anthropic Claude API for conversational

intelligence.

System testing demonstrated that the CDHC Virtual Doctor was functional, usable, and

generally acceptable to users and healthcare stakeholders.

6.3 Achievement of Study Objectives

The study successfully analyzed the current system and identified major challenges
including delayed healthcare access, shortage of healthcare workers, inconsistent
advice quality, and lack of personalized health guidance.

The study successfully designed the CDHC Virtual Doctor using a three-tier
architecture supported by use case diagrams, data flow diagrams, database models, and
interface designs.

The proposed system was successfully implemented as a web-based conversational
health companion integrating Al-driven response generation, triage classification, and
referral support.

The system underwent unit testing, integration testing, and user acceptance testing.
Evaluation results demonstrated that the system was usable, responsive, and acceptable

to stakeholders.

6.4 Conclusion

The study successfully developed an Al-powered Community Digital Health Companion

(CDHC) “Virtual Doctor” capable of providing conversational health guidance to rural

communities.
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The findings demonstrate that conversational Al technologies can play an important supportive
role in improving access to timely health information, especially in underserved rural settings
where healthcare personnel and facilities are limited.
The implemented system addressed several important gaps identified in the current healthcare
information environment by:

e Providing immediate access to health guidance

e Supporting symptom-based interaction

o Offering triage classification and referral support

o Delivering accessible and user-friendly interaction

o Supporting scalable digital healthcare access
The study further demonstrated that integrating human-centered design principles with Al-
powered conversational systems can improve usability and user acceptance among rural
populations.
Although the CDHC Virtual Doctor is not a replacement for professional healthcare services,
it provides a valuable supplementary tool capable of improving health awareness, encouraging
appropriate care-seeking behavior, and reducing delays in obtaining health information.
The project therefore contributes both practically and academically to the growing field of Al-

enabled digital health systems in low-resource environments.

6.5 Recommendations

Based on the findings and implementation outcomes of the study, the following
recommendations are proposed:
1. Multilingual Support

Future versions of the system should fully support local languages such as:

e Lusoga
e Ateso
o Lugwere

This would improve accessibility and inclusiveness for users with limited English proficiency.
2. Offline Functionality

The system should be enhanced with offline or low-bandwidth capabilities through Progressive

Web App (PWA) technologies and local caching mechanisms.

This would improve usability in areas with unreliable internet connectivity.

3. Integration with Formal Health Systems
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Future implementations should integrate with:
o Electronic Medical Record (EMR) systems
o National health information systems
o Community health worker platforms
o Referral management systems
Such integration would improve continuity of care and public health coordination.
4. Expansion of Knowledge Base
The health knowledge repository should continuously be expanded using:
e Local clinical guidelines
e Public health advisories
o Disease outbreak information
o Region-specific health education content
This would improve contextual relevance and response accuracy.
5. Deployment in Rural Health Programs
Government agencies, NGOs, and healthcare organizations should consider pilot deployment
of the system within community health programs to evaluate long-term impact.
6. Advanced AI Monitoring
Additional Al safety monitoring and moderation mechanisms should be implemented to further
reduce the possibility of inaccurate or unsafe outputs.
7. Voice-Based Interaction
Future versions should support speech-to-text and text-to-speech functionality to assist users

with low literacy levels.

6.6 Limitations of the Study

Despite the successful completion of the study, several limitations were encountered.

1. Limited Internet Availability
The system depended on internet connectivity for communication with the Al service. This
may limit accessibility in rural areas with unstable network coverage.

2. Limited Local Health Datasets
The study faced challenges obtaining comprehensive localized symptom and disease datasets
specific to Bukedi communities.

3. Al Response Variability
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Although safety controls were implemented, Al-generated responses occasionally varied for
similar symptom descriptions.

4. Time and Resource Constraints
Limited financial resources, hosting infrastructure, and development time constrained large-
scale deployment and testing.

5. Limited Geographic Coverage
The study focused primarily on selected rural communities within the Bukedi Sub-Region,

which may limit generalization to other regions with different healthcare contexts.

6.7 Areas for Future Research

Future researchers may consider exploring:
1. Fully offline Al-assisted healthcare companions
Voice-enabled conversational healthcare systems
Al-driven disease outbreak prediction models

Integration of wearable health devices

2

3

4

5. Local language natural language processing models

6. Comparative evaluation with traditional telemedicine systems
7. Longitudinal impact studies on health-seeking behaviour

8

Ethical and legal frameworks for Al-assisted healthcare systems in Uganda

6.8 Final Remarks

The development of the CDHC Virtual Doctor demonstrates the growing potential of artificial
intelligence in addressing healthcare access challenges in underserved communities.

By combining conversational Al, human-centered design, and lightweight web technologies,
the study produced a functional digital health companion capable of supporting symptom-
based guidance and improving access to health information.

While challenges remain regarding infrastructure, localization, and Al reliability, the project
establishes a strong foundation for future research and deployment of Al-assisted healthcare
solutions in rural Africa.

The study therefore represents an important step toward inclusive, accessible, and context-

aware digital healthcare innovation in Uganda and beyond.
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APPENDICES

Appendix A: Estimated Budget

Table 4: Estimated Budget

Item Category Description Quantity | Unit Cost | Total
(UGX) (UGX)

Data Collection Transport for field visits 10 trips 3,000 80,000
Stationery (printing | 1 lot 20,000 80,000
questionnaires, consent forms)
Refreshments 10 days 1,000 20,000

Communication | Internet data for research 3 months | 5,000 100,000
Airtime for participant follow- | 3 months | 5,000 15,000
up

Compiling Printing the report 100,000

research

Miscellaneous Contingency (unforeseen | 1 lot 30,000 100,000
expenses)

APIs 100,000

Total 555,000
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