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Abstract

The rapid expansion of digital health platforms increased access to healthcare services, yet many electronic healthcare management
systems remained fragmented, poorly structured, and weakly integrated, limiting reliable appointment coordination, data
consistency, and secure information access. This research developed and implemented a web-based electronic healthcare
management system (e-HMS) using the Laravel framework to consolidate appointment scheduling, treatment documentation, and
role-based interaction among patients, healthcare providers, and administrators. The system was developed using an agile software
development approach, with iterative requirements engineering, architectural modeling, and modular implementation, following the
Model-View—Controller paradigm. Empirical validation was conducted using requirement-driven unit testing across three functional
modules, comprising 29 test cases derived from administrative, provider, and patient workflows. Functional conformity was assessed
via pass fail analysis of authentication, appointment lifecycle management, treatment recording, and communication features, with
all test cases passing. The resulting system demonstrated that workflow-oriented, role-based architectures can improve structural
coherence and operational reliability in web-based healthcare platforms. This work contributed an implementable reference model
for scalable and secure e-health system design, applicable to healthcare environments seeking interoperable, extensible digital
solutions beyond local institutional contexts.
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Introduction

Digital transformation has become a defining trajectory of contemporary healthcare systems, driven by rising service
demand, increasing data complexity, and the need for timely, coordinated care delivery. International health
organizations consistently emphasize that digital health information systems are foundational for strengthening
healthcare governance, improving service efficiency, and enabling data-informed clinical decision-making (World
Health Organization [WHO], 2021). In this context, healthcare institutions' capacity to manage patient information,
clinical workflows, and administrative processes through integrated digital platforms is no longer optional but
structural.

Electronic healthcare management systems (e-HCMS) have been widely adopted to support these objectives by
automating core healthcare operations, including patient registration, appointment scheduling, treatment
documentation, and provider coordination. Prior research indicates that effective e-HCMS deployment can reduce
administrative burden, improve information accessibility, and enhance continuity of care (Kostyshak, 2022). However,
empirical evidence also shows that many existing systems remain functionally fragmented, emphasizing data storage
or billing functions while offering limited integration between appointment workflows, role-based access, and
interactive patient—provider communication (JingleWorks, 2020). As a result, healthcare organizations often operate
multiple disconnected applications that fail to support end-to-end service workflows.

In health informatics, Health Information Systems (HIS) are commonly conceptualized as platforms that integrate
electronic medical records, operational data, and decision-support functions to improve organizational performance and
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patient outcomes (Shailendra, 2022). Despite their conceptual maturity, HIS implementations often face persistent
challenges in data security, interoperability, and usability, particularly in web-based environments where multiple
stakeholder roles interact with sensitive patient information (Chris, 2023). These challenges highlight a structural issue:
system designs often treat access control and workflow coordination as secondary considerations rather than as core
architectural principles.

Recent state-of-the-art studies illustrate diverse efforts to address specific healthcare challenges through digital
solutions. Obe et al. (2020) proposed an affect-based e-healthcare system that integrates sensor data and fuzzy logic to
support children with autism spectrum disorder in underserved areas, demonstrating the potential of specialized system
architectures for vulnerable populations. Tanbeer and Sykes (2021) developed a web-based patient portal to extend
healthcare services beyond traditional clinical settings, addressing limitations of conventional portals that restrict access
to previously registered patients. While these contributions advance domain-specific applications, they primarily focus
on specific care scenarios or user groups, leaving broader questions of generalized workflow integration and system-
wide validation underaddressed.

Parallel research on electronic medical record systems and digital appointment platforms underscores the operational
benefits of digitization, including reduced service delays, improved scheduling accuracy, and enhanced clinical
coordination (Garko & Mahmud, 2017; Edeh et al., 2024). Nevertheless, adoption studies continue to report barriers
such as user resistance, privacy concerns, and inadequate regulatory support, especially in resource-constrained
healthcare environments (Ukata & Wechie, 2019; Obimba et al., 2022). These findings suggest that technical
implementation alone does not guarantee effectiveness; instead, healthcare systems require architectures that explicitly
align workflow logic, access roles, and verification mechanisms within a coherent operational framework.

Despite extensive literature on e-health platforms, a clear research gap persists concerning implementable, role-based
electronic healthcare management systems that integrate appointment scheduling, treatment documentation, and user
communication within a single, verifiable web architecture. Existing studies frequently emphasize conceptual
frameworks, isolated functional modules, or narrowly scoped applications without demonstrating end-to-end workflow
conformity through systematic validation. Moreover, limited attention has been given to documenting how requirement
specifications translate into functional system behavior that can be empirically verified and reproduced.

To address this gap, the present study designed and implemented a web-based electronic healthcare management system
using the Laravel framework, structured around distinct workflows for administrators, healthcare providers, and
patients. The contribution of this research is twofold. From a methodological perspective, it operationalizes
requirements engineering and agile development principles into a role-based healthcare workflow architecture that
prioritizes access governance and process coherence. From a practical perspective, it provides requirement-driven
functional validation of core healthcare processes through systematic unit testing, extending prior e-health research
from conceptual or descriptive accounts toward reproducible and deployment-oriented system implementations with
relevance beyond local institutional contexts.

Methodology
This study employed a design-and-implementation research design grounded in an agile software development
approach to support iterative refinement of requirements and progressive validation of system functionality. The agile

model structured development activities into recurring cycles of requirement analysis, design, implementation, and
verification, enabling continuous alignment between stakeholder needs and system behavior (Upadrista, 2015). Figure
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1 illustrates the agile development model adopted in this study, highlighting the iterative nature of requirement
elicitation, system design, implementation, and testing phases.
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Figure 1. Agile Methodology

Research Subjects and Requirements Engineering

The analytical subjects of this study comprised three operational roles: administrators, healthcare providers, and
patients. These roles informed the requirements engineering process, which was conducted as a socio-technical activity
to identify functional expectations, workflow dependencies, and access constraints across stakeholder interactions. This

approach ensured that requirements reflected real operational roles rather than abstract system functions (Daun et al.,
2023).

System Design and Modeling

System design translated the elicited requirements into structured representations to guide implementation and maintain
architectural coherence. A structural navigation model was first developed to define the primary system interfaces and
functional menus, including authentication, appointment booking, service information, and departmental access. This
structural representation ensured logical consistency between user navigation and underlying system functions. Figure

2 presents the system's structural design, depicting the main functional components and the navigation flow accessible
through the system interface.
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To further formalize system interactions, a use case model was constructed to capture role-specific actions and
permissible operations within the system. The model delineated the interactions of patients, healthcare providers, and
administrators with core system functions, including appointment management, treatment documentation, and
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Figure 2. Structural Design of the System
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communication workflows. This use-case representation ensured that the access-control logic was explicitly aligned
with operational responsibilities. Figure 3 shows the system's use case diagram, illustrating role-based interactions and
functional boundaries among system actors.
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Figure 3. Use Case Diagram of the System.

Data Modeling

The system's data architecture was specified using an entity—relationship model that defines the core data entities and
their relationships. These entities included users, appointments, treatments, and messaging records, all of which were
structured to support role-based access and workflow traceability. The entity relationship model served as a blueprint
for database implementation and ensured consistency between data structures and application logic. Figure 4 presents
the system's entity-relationship diagram, illustrating the interconnections among the primary data entities underpinning
its functionality.
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Figure 4. Entity Relationship Diagram of the System
Results and Discussion

Result

The electronic healthcare management system was successfully implemented as a web-based application using the
Laravel framework, which applies the Model-View—Controller (MVC) architectural pattern to separate data
management, application logic, and user interfaces (Laravel Documentation, 2024). This architectural separation
facilitated modular development and supported systematic functional verification. The system operated within a
standard web server environment that handled HTTP/HTTPS request-response interactions between client browsers
and server-side application components, consistent with established web architecture principles (Fielding et al., 1999).
Functional verification was conducted using requirement-driven unit testing to assess conformity between specified
requirements and implemented features. The evaluation focused on three functional modules corresponding to
administrator, healthcare provider, and patient roles. Each test case examined authentication, workflow execution, data
manipulation, and communication functions using a pass fail criterion. Table 1 presents the results of unit testing for
the administrator module. All nine test cases, covering authentication, profile management, specialty configuration,
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appointment approval, treatment management, user management, messaging, and logout functionality, were executed
successfully, indicating full conformity with specified administrative requirements.

Table 1. Functional Verification Results for Administrator Module

Test ID Function Description Expected result Actual result Status
1 Login Admin tries to log in to the Admin logs in to the system  Admin was logged in to the system Successful
system to their dashboard and redirected to their dashboard
2 Profile Admin to access their Admin to log in and access Admin was able to log in and access  Successful
profile page and make their profile page for their profile page and was able to
changes changes make changes
3 Manage Admin tries to add, edit, Admin create, edit, update, Admin was able to achieve and Successful
Specialties update, and delete and able to delete new or manage the specialties category
specialities in the system existing specialties in the
system
4 Manage Admin tries to add, edit, Admin adds, edits, updates, Admin was able to manage Successful
Appointme  update, and to delete and deletes appointments appointments and also approve
nt appointments and approve and also approves them in them in the system
them in the system the system
5 Manage Admin tries to add, edit, Admin can add, edit, update, = Admin was able to manage Successful
Treatment update, and delete and delete treatments in the treatments in the system
treatments in the system system
6 Manage Admin tries to add, edit, Admin can add, edit, update, = Admin was able to manage Successful
Healthcare update, and delete and delete healthcare healthcare providers in the system
Providers healthcare providers in the providers in the system
system
7 Manage Admin tries to add, edit, Admin can add, edit, update, = Admin was able to manage patients  Successful
Patients update, and delete patients and to delete patients in the in the system
in the system system
8 Chat Admin tries to chat with Admin chats with any ofthe =~ Admin was able to chat with any of ~ Successful
any of the users (health care  users (health care providers the users (health care providers or
providers or patients) in the  or patients) in the system patients) in the system
system
9 Logout Admin tries to log out of Admin logs out of the Admin was logged out of the Successful

the system

system

system

Table 2 summarizes the unit testing outcomes for the healthcare provider module. The results indicate that all tested
functions, including account creation, profile updates, appointment review and approval, treatment access, patient list
viewing, messaging, and logout, performed as specified, with no functional deviations detected.

Table 2: Healthcare Providers Requirement

Test ID Function Description Expected result Actual result Status
1 Login Healthcare providers ~ Healthcare providers log in ~ Healthcare providers were logged in to Successful
try to log in to the the system to their the system and redirected to their
system dashboard dashboard
2 Create Healthcare provider ~ Healthcare Professionals Healthcare Professionals were able to Successful
account to create in the create a new account in the  create a new account in the system
system system
3 Profile Healthcare provider ~ Healthcare provider need The healthcare provider was able to log Successful
to access their to log in and access their in and access their profile page and was
profile page and profile page for changes able to make changes
make changes
4 View Healthcare provider ~ Healthcare provider view The healthcare provider was able to Successful
Appointme  to view their their scheduled view appointments scheduled for them
nts scheduled appointments made by by their patients
Scheduled appointments made patients
by patients
5 Approve Healthcare providers  Healthcare providers The healthcare provider was able to Successful
Appointme  to approve approve the appointment approve the appointment scheduled for
nt appointments scheduled for them them
scheduled for them
by the patient
6 View Healthcare provider ~ Healthcare providers view The healthcare provider was able to Successful
Treatments  to view the the treatments done after view treatments done after being added

treatments done

to the system by the patient.
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Test ID Function Description Expected result Actual result Status
after added to the being added to the system
system by the by the patient.
patient.
7 View and Healthcare provider ~ Healthcare providers view The healthcare provider was able to Successtul
reply to to view messages messages and reply or chat  view the message and reply or chat in
chat and reply in the in the system the system
messages system
8 View Healthcare to Healthcare sees/views the Healthcare was able to see/view the list Successful
patient see/view the list of list of attended or treated of attended or treated patients in their
attended or treated patients in their home home dashboard
patients in their dashboard
home dashboard
9 Logout Healthcare providers ~ Healthcare provider logs The healthcare provider was logged out Successful
try to log out of the out of the system of the system
system

Table 3 reports the functional verification outcomes for the patient module. Eleven test cases were evaluated,
encompassing account creation, authentication, appointment booking and status updates, treatment record entry and
review, healthcare provider browsing, messaging, and logout. All test cases executed successfully, demonstrating
consistent system behavior across patient-oriented workflows.

Table 3: Patient Requirement

Test ID Function Description Expected result Actual result Status
1 Login The patient tries to log in patient logs in to the The patient was logged Successful
to the system system on their into the system and
dashboard redirected to their
dashboard
2 Create account Patient to be created in the ~ The patient creates a The patient was able to Successful
system new account in the create a new account in
system the system
3 Profile Patient to access their Patient logs in and Patient was able to log Successful
profile page and make accesses their profile in and access their
changes page for changes profile page and was
able to make changes
4 Book Appointment  Patient are to book Patient book The patient was able to Successful
appointments with their appointments with their ~ book appointments with
desired healthcare provider  desired healthcare their desired healthcare
provider provider
5 View appointment Patient to view all the Patients view all the The patient was able to Successful
booked appointments they have appointments they have  view all the
booked booked appointments they had
booked
6 Add treatment Patient to add the treatment ~ Patient adds the Patient was able to add Successful
done or given to them by treatment done or given  the treatment done or
the Healthcare provider in to them by the given to them by the
the system Healthcare provider in Healthcare provider in
the system the system
7 View treatments Patient to view all the Patients view all the Patient was able to view  Successful
treatments they added, treatments they have all the treatments they
which are given to them by  added, which are given added, which were
the Healthcare providers to them by the given to them by the
Healthcare providers Healthcare providers
8 View Healthcare Patient to view all the Patients view all the The patient was able to Successful
Providers healthcare providers in the ~ healthcare providers in view all the healthcare
system and also access the system and also providers in the system
their profiles access their profiles and also access their
profiles
9 Update Patient to update Patient update Patient was able to Successful

Appointment Status

appointment status to
complete or not complete

appointment status to
complete or not
complete

update the appointment
status to complete or not
complete
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Test ID Function Description Expected result Actual result Status
10 Chat or message Patient to chat or send Patient chat or send The patient was able to Successful
healthcare providers  messages to the healthcare =~ messages to the chat or send messages to
provider in the system healthcare provider in the healthcare provider
the system in the system
11 Logout Patient tries to log out of Patient logs out of the Patient was logged out Successtul
the system system of the system

In addition to functional verification, the system interface was implemented to support role-specific interaction flows.
Figure 5 illustrates the system home page, which provides centralized navigation to core services. Figure 6 displays the
login interface used for authenticated access. Figures 7 and 8 present the registration interfaces for patients and
healthcare providers, respectively, reflecting differentiated onboarding processes. Figure 9 shows the administrator
dashboard, which consolidates system management functions within a single control interface.

= info@example.com & +23412 3456897 o o °
Home About Us i‘jvxces Other Page Departments

<& Mecare

Get Better Care
For Your Health

Quisque leo augue, lobortis ac tellus nec, posuere ultricies nulla.
Praesent massa odio, pellentesque in consectetur quis, volutpat
sit amet erat.

s Learn More >
127.0.0.1:8000/services

Figure 5. Healthcare System Home Page

Figure 6 depicts the Healthcare system login page. In the middle of the page, there is an input area for entering the
email and password. Below that, there is a 'Login' button that can be clicked to enter the system. The clean, intuitive
page design makes it easy for users to access the system and perform hospital management tasks.

SWIFT HOSPITAL

LOGIN

Sign in to start your session

2 hdmin@example.com

D Remember Me

Login

Forgot Password?
Don't have an account?

Figure 6. Healthcare System Login Page
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Figure 7 displays the Registration page for patients. It’s a page where all patients can register or create a new account.

SWIFT HOSPITAL

REGISTER

Register a new membership

Full name
4@ Email address
Password

Confirm Password

D | read and agree to the terms of usage.

Register

You already have a membership?

Figure 7: Registration Page for Patient

Figure 8 depicts the Registration page for Healthcare providers, where new healthcare providers can register or create

a new account.

Name

Email Address

Mobile Number

Professionality:

-- Select - ~

Gender:
O Male
O Female
O other

Figure 8: Registration Page for Healthcare Providers

Figure 9 shows the system dashboard, the admin dashboard for Healthcare management. On this page, the admin can
access the sub-admin menus: appointments, treatments, and account settings.
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Figure 9. System Dashboard
Discussion

The results demonstrate that the implemented system achieved full functional conformity with its specified
requirements across all user roles. This finding is significant in light of previous research indicating that many
healthcare information systems fail to operationalize end-to-end workflows, instead offering isolated functionalities
that require manual coordination (Kostyshak, 2022). By validating all role-specific functions through requirement-
driven testing, the present system addresses a recurrent limitation in e-health platform development: the gap between
conceptual design and verifiable implementation.

The successful execution of appointment booking and approval workflows across patient and healthcare provider
modules aligns with prior studies emphasizing the role of digital scheduling systems in reducing service delays and
improving coordination between patients and providers (Garko & Mahmud, 2017). Unlike systems that restrict
scheduling to administrative intermediaries, the role-based workflow implemented here enables direct interaction while
preserving authorization boundaries, thereby supporting operational efficiency without compromising governance.

From a system architecture perspective, the use of an MVC-based framework supported modular verification and
reduced coupling between interface design and business logic. This architectural choice is consistent with software
engineering practices that advocate separation of concerns to improve maintainability and scalability in web-based
systems (Contributors, 2024). Although performance and scalability metrics were not evaluated in this study, the
modular structure provides a foundation for future optimization and extension.

The inclusion of treatment documentation and in-system messaging further differentiates the system from appointment-
only platforms. Prior research has noted that limited communication channels and fragmented record-keeping reduce
the continuity of care and increase reliance on informal or external messaging tools (Tanbeer & Sykes, 2021). By
integrating these functions within a single authenticated environment, the system supports traceable interactions and
reduces the risk of information loss, although further evaluation is required to assess clinical impact and user experience.

Despite these contributions, the findings should be interpreted within the study’s scope. Functional conformity does not
directly imply usability, clinical effectiveness, or regulatory compliance. Previous studies have highlighted that
healthcare system adoption is influenced by factors such as user acceptance, privacy concerns, and institutional
readiness (Ukata & Wechie, 2019; Obimba et al., 2022). Consequently, future research should complement functional
testing with usability evaluation, security assessment, and interoperability analysis to determine deployment viability
in real healthcare settings.
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Conclusions and Suggestions

Conclusions

This study presented a role-based electronic healthcare management system that integrates appointment scheduling,
treatment documentation, and user communication within a single web-based architecture. The results of requirement-
driven functional verification demonstrated full conformity between the specified workflows and the implemented
system behavior across the administrator, healthcare provider, and patient modules. Beyond confirming technical
feasibility, these findings contribute to the health informatics literature by showing that explicit role modeling and
workflow alignment can reduce functional fragmentation, a common problem in web-based healthcare systems.

From a theoretical perspective, the study extends existing discussions on healthcare information systems by
operationalizing requirements engineering and agile development principles into a coherent, verifiable system
architecture. Rather than treating access control and workflow coordination as peripheral concerns, the proposed design
embeds them as core architectural elements, thereby offering a structured reference for analyzing workflow integrity in
digital health platforms.

From a practical standpoint, the implemented system provides a reproducible blueprint for healthcare organizations
seeking to transition from manual or partially digitized processes to integrated web-based management solutions. The
emphasis on functional validation enhances deployment readiness by ensuring that system features align with
operational requirements before large-scale adoption. Collectively, the study advances understanding of how modular,
role-based architectures can support scalable, secure healthcare management across diverse institutional contexts.

Suggestions

Future work should focus on extending the current system beyond functional conformity toward comprehensive
deployment evaluation. First, security mechanisms can be strengthened through multi-factor authentication, fine-
grained authorization policies, and audit logging to better align with healthcare information security standards. Second,
usability and workload impact should be assessed through empirical user studies involving healthcare providers and
patients to evaluate acceptance and interaction efficiency. Third, interoperability capabilities can be introduced by
mapping core data entities to established health information standards, enabling integration with external clinical
systems and regional health infrastructures. Finally, structured training programs and operational guidelines should
accompany system deployment to support organizational readiness and sustainable use.
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