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[bookmark: _Toc157622068]Abstract
My project leverages the power of the MERN (MongoDB, Express.js, React, Node.js) stack to create a sophisticated and modernized "In-Hospital Specialist Referral Ordering System" aimed at optimizing the referral process within hospital facilities. The development includes various functionalities, such as viewing referrals, selecting, and viewing/adding specialists, and making referrals. The project aims to foster collaboration between primary care providers(nurses) and specialists while ensuring compliance with healthcare regulations. This project will enhance efficiency and accuracy in specialist referrals, highlighting the importance of effective communication in healthcare and the challenges associated with manual referral processes. Moreover, this project assisted me to understand further the creation of a MERN stack development and the importance of frontend and backend. Hopefully this project be an idea for further development, which will help In-hospital referral system, and bridge the gap between primary care providers and specialists, optimizing patient care pathways.
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[bookmark: _Toc157622070]Chapter 1: Introduction

In response to the growing complexities in healthcare management, this project focuses on the development and implementation of a streamlined "Hospital Specialist Referral Ordering System." The primary aim is to enhance the efficiency and accuracy of specialist referrals within our healthcare facility, addressing the challenges often associated with manual referral processes. The scope of this project encompasses the creation of a digital platform facilitating seamless referral requests, specialist directory management, and efficient tracking of referral progress. This system aims to bridge the gap between primary care providers and specialists, optimizing patient care pathways while ensuring data security and compliance with healthcare regulations.
1.1 [bookmark: _Toc157622071]Aim of the project

The aims of the "Hospital Specialist Referral Ordering System" project covers several key objectives aimed at improving the efficiency, accuracy, and overall effectiveness of the referral process within healthcare facilities. These aims include:
Streamlining Referral Processes: To develop a digital platform that simplifies the process of requesting specialist referrals, reducing administrative burden, and minimizing errors associated with manual paperwork.
Enhancing Communication: Facilitating seamless communication between nurses and specialists by providing a centralized system for referral requests, ensuring that specialists receive complete and accurate patient information promptly.
Improving Patient Care Pathways: Creating a system that expedites the referral process, thereby reducing wait times for patients seeking specialized care and ensuring timely access to appropriate healthcare services.
Ensuring Compliance and Security: Developing the system with robust security measures to protect patient data and ensuring compliance with healthcare regulations, such as HIQA1.
Enhancing User Experience: Prioritizing user-centred design principles to create an intuitive and user-friendly interface for both nurses and specialists.
These aims collectively strive to revolutionize the referral process, promoting efficiency, accuracy, and patient-centric care within healthcare institutions.
1.2 [bookmark: _Toc157622072]The scope of the project

The scope of the project encompasses a comprehensive range of functionalities and activities aimed at transforming the referral process within the healthcare facility. The project scope includes:
Referral Request Management: Developing a digital platform to handle the initiation, submission, and tracking of referral requests from nurses to specialists.
Specialist Directory: Creating a centralized and searchable database of specialist practitioners, including their areas of expertise, contact information, and other relevant details.
Updates: Incorporating methods to inform nurses about the status of referral requests.
User Interface Design: Developing an intuitive and user-friendly interface for nurses and specialists, prioritizing ease of use, accessibility, and efficient navigation within the system.
Security, Testing and Training: Conducting thorough testing procedures to ensure system functionality, safeguard patient data, usability, and security. Providing training and support to healthcare staff for effective utilization of the system.
The project scope involves the design, development, implementation, and deployment of a sophisticated digital platform that optimizes the referral process while prioritizing data security, user experience, and compliance with healthcare regulations.

[bookmark: _Toc157622073]Chapter 2: Background/Literature Review

The proposed solution leverages Java-based technologies for back-end development, employing frameworks for building an application and databases for managing referral data. On the front-end, React, a JavaScript library, will be utilized to create an intuitive and interactive user interface.
The anticipated benefits of the system involve increased efficiency, improved communication between healthcare providers, faster access to specialized care for patients, enhanced data accuracy, and better care coordination. 
By introducing this digital referral ordering system, the aim is to revolutionize and modernize the referral process, aligning it with contemporary technological advancements to improve overall patient care within the healthcare facility.
[bookmark: _Toc157622074]2.1 Context of the project

In the realm of healthcare, effective communication and coordination among healthcare providers are vital components of delivering high-quality patient care. One of the critical processes within healthcare systems is the referral of patients to specialists. When a patient's condition requires specialized care, their primary care physician or another healthcare provider must initiate a referral to a specialist. This process involves sharing patient information, medical history, and coordinating appointments with the specialist.
Traditionally, the process of ordering specialist referrals has been predominantly paper-based or reliant on manual administrative tasks. Healthcare administrators, including nurses and front desk staff, often spend significant time and effort managing referral paperwork, contacting specialists, and tracking the progress of referrals. This manual approach is not only time-consuming but also prone to errors, delays, and inefficiencies.

2.2 [bookmark: _Toc157622075][bookmark: _Hlk151662031]Benefits of the system

The implementation of a Hospital Specialist Referral Ordering System is anticipated to yield numerous benefits, enhancing various aspects of the referral process and overall healthcare delivery. Here are the anticipated benefits:
1. Enhanced Efficiency: Streamlining the referral process through automation and digitalization reduces administrative burdens, paperwork, and processing times, leading to quicker and more efficient referral management.
2. Improved Communication: Facilitating seamless and real-time communication between nurses and specialists ensures the accurate transmission of patient information, reducing errors and miscommunications commonly associated with manual referrals.
3. Faster Access to Specialized Care: By expediting the referral process, patients gain quicker access to specialist consultations and treatments, potentially reducing wait times and improving health outcomes.
4. Optimized Care Coordination: The system's ability to track referrals, monitor progress, and provide real-time updates ensures better coordination among healthcare providers, leading to more cohesive and coordinated patient care pathways.
5. Enhanced Patient Experience: Quicker referral processes, reduced paperwork, and improved coordination contribute to an overall improved patient experience, fostering greater satisfaction with healthcare services.
6. Data Accuracy and Integrity: Maintaining structured and centralized patient information within the system ensures data accuracy, reduces duplication, and minimizes errors associated with manual record-keeping.
7. Better Analytics and Reporting: The system generates comprehensive reports and analytics, offering insights into referral patterns, success rates, and healthcare trends. This information aids in strategic decision-making and resource allocation.
8. Enhanced Compliance and Security: Rigorous security measures and adherence to healthcare regulations safeguard patient data, ensuring compliance with data privacy laws and bolstering patient trust in the healthcare system.
9. Cost-Efficiency: Streamlined processes and reduced administrative overhead lead to potential cost savings for healthcare facilities, allowing resources to be redirected toward improving patient care.
The anticipated benefits of implementing a Hospital Specialist Referral Ordering System encompass improved efficiency, communication, patient care, data management, and compliance, ultimately resulting in an overall enhancement of the healthcare experience for both providers and patients.
[bookmark: _Toc157622076]2.3 Typical users of the project

The Hospital Specialist Referral Ordering System serves a diverse set of users within the healthcare ecosystem. Typical users of this project product include:
1. Specialist Healthcare Providers: Specialists from various medical fields (e.g., cardiology nurse, stoma nurse, etc) who receive and manage referral orders. They use the system to review patient information, accept or decline referrals, and communicate with referring nurses.
2. Healthcare Administrators: Administrative staff responsible for overseeing and managing the referral process within the healthcare facility. They utilize the system for monitoring referral workflows, generating reports, and ensuring compliance with healthcare regulations.
3. IT Support Personnel: Technical support teams responsible for maintaining, troubleshooting, and upgrading the system. They ensure the system's functionality, security, and integration with other healthcare systems.
4. System Administrators: Personnel managing the system's configuration, user access, permissions, and overall system maintenance.
5. Healthcare Regulators and Compliance Officers: Individuals or departments responsible for ensuring that the system complies with healthcare regulations, data privacy laws, and industry standards.
These diverse user groups interact with the Hospital Specialist Referral Ordering System to facilitate efficient referral management, streamline communication, optimize patient care pathways, and ensure compliance and data security within the healthcare facility.




2.4 [bookmark: _Toc157622077]Relevant/similar existing software/hardware

In Ireland, the healthcare sector utilizes various software and systems to manage referrals, patient care, and health information. While specific systems may vary across hospitals or healthcare organizations, here are some examples of software and technology solutions used within the Irish healthcare landscape:
1. National Integrated Medical Imaging System (NIMIS):
· NIMIS is a nationwide system used for managing medical imaging (radiology) data in Ireland. It facilitates the storage, retrieval, and sharing of imaging studies such as X-rays, CT scans, and MRIs, aiding in diagnosis and referral decisions.
2. Primary Care Reimbursement Service (PCRS) System:
· The PCRS system manages payments and reimbursements for healthcare services provided by GPs, pharmacies, and other primary care providers. It helps in processing referrals, prescriptions, and financial transactions related to healthcare services.
3. Healthlink Online Referral System:
· Healthlink offers an online referral system that enables secure electronic referrals and communications between GPs and hospitals or specialists. It supports the referral process by allowing GPs to submit electronic referrals directly to specialists or hospitals.
These systems and technologies play crucial roles in managing healthcare processes, facilitating referrals, sharing health information, and enhancing patient care pathways within the Irish healthcare system. The specific systems used may vary based on the healthcare provider, region, or specialized requirements of different healthcare facilities in Ireland.Top of Form
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[bookmark: _Toc157622078][bookmark: _Hlk151662374]Chapter 3: Specification and Design

What the software system is expected to do? Here's a breakdown:
1. Referral Submission and Management:
· Functionality: Enable nurses to submit referrals for patients requiring specialist care.
2. User Roles and Permissions:
· Functionality: Define roles and access levels for different users within the system.
3. Reporting and Analytics:
· Functionality: Provide insights and analytics on system performance and usage.
4. Security and Compliance:
· Functionality: Ensure data security and compliance with healthcare regulations.
[image: A diagram of a flowchart
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These functionalities empower the Hospital Specialist Referral Ordering System to streamline the referral process, enhance communication between healthcare professionals, improve patient care, and ensure data security and compliance within the healthcare ecosystem.
[bookmark: _Toc152496984][bookmark: _Toc157622079]3.1 Design: The top-level details

An overview of the top-level design considerations to meet the specifications for the Hospital Specialist Referral Ordering System:
1. User Authentication and Authorization:
· Design Overview: Implement a robust authentication system to verify user identities (Nurses, specialists, administrators) before accessing the system.
· Details: Utilize secure login mechanisms (e.g., username/password), with in hospital work email.
· [image: A screenshot of a login box
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2. Referral Submission:
· Design Overview: Create a streamlined process for nurses to submit referrals and for specialists to track and manage them efficiently.
· Details: Design intuitive forms for referral submission, incorporate status tracking (e.g., completed), and provide status changes.
· [image: A screenshot of a computer
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3. Data Security and Compliance:
· Design Overview: Ensure robust data security measures and compliance with healthcare regulations.
· Details: Employ encryption methods, access controls, and regular security assessments to safeguard patient data and meet regulatory standards.
4. Reporting and Analytics:
· Design Overview: Develop reporting functionalities to extract insights and monitor system performance.
· Details: Design reporting dashboards providing visual analytics on referral trends and referral history.
· [image: A screenshot of a graph
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5. Usability and Interface Design:
· Design Overview: Create an intuitive and user-friendly interface for ease of use.
· Details: Employ user-centric design principles, intuitive navigation, responsive design, and accessibility features to ensure usability for all users.
· [image: A collage of images of people
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This top-level design overview outlines the architectural considerations and key features required to fulfil the specifications of the Hospital Specialist Referral Ordering System. Each aspect aligns with the system's functionalities and aims to meet user needs efficiently and securely.
Top of Form
[bookmark: _Toc157622080]Chapter 4: Implementation
[bookmark: _Toc157622081]4.1 Method
The development method used for this project is the MERN stack method, in Visual Studio Code. The MERN stack is a popular technology stack used for building full-stack web applications. It comprises four key technologies: MongoDB, Express.js, React, and Node.js. Each component of the stack serves a specific purpose in the development process:
1. MongoDB: MongoDB is a NoSQL database that stores data in a flexible, JSON-like format called BSON (Binary JSON). It is schema-less, allowing for easy scalability and adaptability to evolving data structures. MongoDB is well-suited for handling unstructured or semi-structured data and is often used in modern web applications.
2. Express.js: Express.js is a minimalist web application framework for Node.js. It simplifies the process of building web applications and APIs in Node.js by providing a range of features for routing, middleware integration, and handling HTTP requests and responses. Express.js is commonly used as the back-end framework in MERN applications.
3. React: React is a JavaScript library for building user interfaces. It's widely known for its component-based architecture, allowing developers to create reusable UI components. React provides efficient rendering, state management, and a declarative approach to building interactive front-end applications.
4. Node.js: Node.js is a server-side JavaScript runtime built on Chrome's V8 JavaScript engine. It allows developers to run JavaScript code outside of the browser, enabling server-side scripting. Node.js is used to create scalable and high-performance back-end applications, handling requests, and interacting with databases.
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Key Aspects of MERN Stack Development:
1. Full-Stack Development: MERN stack enables developers to work on both the front-end (React) and back-end (Node.js and Express.js) using JavaScript, allowing for a consistent language and ecosystem across the entire application.
2. RESTful APIs: Express.js in combination with Node.js facilitates the creation of RESTful APIs that interact with the MongoDB database. These APIs handle data retrieval, storage, manipulation, and respond to client-side requests.
3. Single Page Applications (SPAs): React is commonly used to build SPAs where the entire application runs on a single web page, providing a smoother user experience by dynamically updating content without requiring full page reloads.
4. Data Storage and Retrieval: MongoDB's flexible schema and JSON-like format are well-suited for storing and retrieving data in applications built using the MERN stack.
5. Component-Based Architecture: React's component-based approach enables modularity and reusability, allowing developers to create complex UIs by composing smaller, manageable components.
MERN stack development offers a robust and modern approach to building scalable and efficient web applications. It leverages JavaScript across the entire stack, facilitating faster development cycles, better code maintainability, and a seamless workflow for developers working on both the front-end and back-end aspects of the application.Top of Form
Top of Form
 
[bookmark: _Toc157622082]4.2 Development
MongoDB, Express.js, and Node.js helps you build the backend of an application, while React powers the frontend. To create the basic structure of the application I followed these steps: 
Step 1:  created a new project folder named Project. Then in the project folder in command prompt/terminal typed the commands to create folder for frontend and backend.
[image: ]
[image: ]
Step 2: Navigate to the frontend folder using the command:
[image: ]
Step 3: Initialize a React Project using the command:
[image: ]
Step 4: Navigate to the backend folder using the command to a new terminal:
[image: ]
Step 5: Initialize the project backend using the command:
[image: ]
Step 6:  in the package.json set ‘type’ to ‘module’.
Every Node.js application has modules. These modules form part of the building blocks of the application. They help work faster and write more structured code. In simple terms, a module is a piece of reusable JavaScript code. It could be a .js file or a directory containing .js files. You can export the content of these files and use them in other files. Modules helps to not Repeat yourself in programming. They also help to break down complex logic into small, simple, and manageable chunks.
[image: A screenshot of a computer
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Step 7: Install Express and create a file server.js using the command:
[image: ]
[image: A computer screen shot of a computer code
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Step 8: Install Nodemon to update server when a change is made.
[image: ]
[image: ]
[image: ]
Instead of running the app typing node server.js, simple type npm start, in the frontend and backend folder.
[image: ]
After following all the above steps, a basic structure for MERN Stack application is created.
[bookmark: _Toc157622083]4.3 Organizing the MERN Stack Project

To maintain a distinct division between frontend and backend code, it is advantageous to establish dedicated directories for client-side and server-side components. This segregation promotes autonomous development, deployment, and testing processes.
The front end of the application. Here’s the file structure for the frontend (client-side) directory.
[image: A screen shot of a computer
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public: This directory holds static assets like HTML files, images, and fonts. The entry point for the React application, usually index.html, resides here.
[image: A screenshot of a computer
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src: This directory contains the main source code for your frontend application. Here’s a breakdown of the subdirectories:
[image: A screenshot of a computer program
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components: This directory houses reusable UI components that can be shared across multiple pages.
[image: A screen shot of a computer
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(Example appendix 2)
screens: Each page of the application has its own file within this directory. It encapsulates the components and logic specific to that page. (appendix 3)
[image: A screenshot of a computer screen
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Store.js: This file is responsible for handling API communication and data fetching.
utils: If you have utility functions or helper files that are used across multiple components, placed in this directory.
[image: A screen shot of a computer error
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App.js: This file serves as the entry point for the React application and acts as a container for routing and global component initialization. (appendix 4)
index.js: This file is responsible for rendering the React application and mounting it into the DOM.
[image: A screen shot of a computer program
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Server-side File Structure
The server directory contains all the files related to the backend of application. Here’s the file structure of my server directory:
[image: A screenshot of a computer screen
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data: This directory holds configuration files of backend, such as database connection settings, environment variables, and middleware configurations.
[image: A computer screen shot of a program code
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models: This directory contains the database models or schemas for the application. Each model represents a specific data structure and handles interactions with the database. (appendix 5)
[image: A screenshot of a computer
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routes: The API routes for the application reside in this directory. Each route file is responsible for defining the endpoints, mapping them to the appropriate controller functions, and handling request validation and authentication. (appendix 6)
[image: A screenshot of a computer program
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server.js: This file acts as the entry point for your backend application. It sets up the Express server, establishes database connections, and defines middleware configurations.
[image: A screen shot of a computer program
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[bookmark: _Toc157622084]Chapter 5: Testing and Results 

Testing the application serves multiple critical purposes that ensure the reliability, functionality, and performance of software system. Testing helps catch and rectify defects or bugs in the software early in the development, preventing larger issues down the line. By conducting various types of tests, the quality of the application improves, leading to a more reliable and robust system. Black box testing was executed to complete the overall product verifications. I've prepared and documented a set of test cases to validate the different functions created within the project. Each test case is accompanied by acceptance criteria or expected outcomes. This setup allows for clear categorization of each test case as either passed or failed, providing a straightforward verification process. 
The test case report is detailed below:
	Test case Num
	Test Case Title
	Run
	Result (Pass/Fail)
	Complete

	TC01
	View All
	YES
	PASS
	YES

	TC02
	Select & View Specialist
	YES
	PASS
	YES

	TC03
	[bookmark: _Hlk156322029]Home Button
	YES
	PASS
	YES

	TC04
	Search Specialist
	YES
	PASS
	YES

	TC05
	[bookmark: _Hlk156325892]Add/Make Referral
	YES
	PASS
	YES

	TC06
	Complete Referral
	YES
	PASS
	YES

	TC07
	[bookmark: _Hlk156336447]Deliver Care
	YES
	PASS
	YES

	TC08
	[bookmark: _Hlk156591500]Add new Specialist
	YES
	PASS
	YES

	TC09
	Edit/Update Specialist
	YES
	PASS
	YES

	TC10
	[bookmark: _Hlk156596331]Delete Specialist
	YES
	PASS
	YES

	[bookmark: _Hlk156148512]TC11
	Register a new User
	YES
	PASS
	YES

	TC12
	Login as a User
	YES
	PASS
	YES

	TC13
	Delete User
	YES
	PASS
	YES

	Progress
	
	
	
	100%


Test exit report summary









TC01	View all Referrals.
Description: View all featured Referrals.
Steps: Start program, go to webpage, all available referrals appear.
Expected results: All referrals display in User interface.
[image: A collage of images of a nurse and a patient

Description automatically generated]
[image: A collage of images of a nurse and a patient
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Result: Passed




TC02 Select & View Specialist.
Description: Select and view detailed Specialist referral.
Steps: From homepage select a specialist, route to detailed specialist desription
Expected results: Details of specialist nurse display.
[image: A person sitting in a wheelchair holding a device
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[image: A screenshot of a computer
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Result: Passed








TC03	Home Button
Description: Test Home click button
Steps: Click the Hospital Specialist Referral Ordering System for Nurses logo to redirect back to Homepage.
Expected results: Clicking the logo redirects to home page in browser.
[image: A collage of a nurse and a patient
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[image: A screenshot of a medical application
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Result: Passed

TC04	Search Specialist
Description: Search a specialist from the search button
Steps: In the search bar, search for a specific specialist nurse.
Expected results: The specialist nurse, display in the results.
[image: A black rectangular frame with blue text
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[image: A blue and black rectangle frame
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Result: Passed





TC05	Add/Make Referral
Description: Add/Make a referral into cart/basket
Steps: 1. Click the button make a referral, add the specialist into the cart. 2.Enter Patient’s details. 3. Choose priority. 4.Proceed to checkout.
Expected results: The specialist needed for referral successfully added to the cart. Detailed Referral available in the checkout.
[image: A black background with white text
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[image: A screenshot of a computer screen
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Result: Passed


TC06	Complete Referral
Description: Complete the referral 
Steps: The user clicks place referral button, the order redirects to order screen with the details of referral, with unique order id.
Expected results: Order referral screen is available and saved. Displayed Correctly in UI. Order is saved in Database Mongo DB.
[image: A screenshot of a computer code
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[image: A screenshot of a computer
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Result: Passed



TC07	Deliver Care
Description: Deliver care to the referred patient as admin
Steps: An admin press deliver care on the referral order summary button
Expected results: Care will be delivered with date at time, and button from red will change to green. An alert will pop up that order is delivered.
[image: A screenshot of a computer
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[image: A close-up of a computer screen
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Result: Passed









TC08	Add new Specialist.
Description: Add a new specialist nurse as admin, as featured referrals.
Steps: The admin user selects products, clicks create specialist nurse, edits and add new specialist. 
Expected results: New Specialist is saved and created in Mongo DB. Available in featured referrals.
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Result: Passed




TC09	Edit/Update Specialist
Description: Edit/Update a Specialist’s features.
Steps: The admin user selects products, clicks edit specialist nurse, edits, and updates specialist.
Expected results: Updated Specialist is saved and created in Mongo DB. Available in featured referrals with the new changes.
[image: ]
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Result: Passed



TC10	Delete Specialist
Description: Delete a specialist from featured referrals.
Steps: The admin user selects products, clicks delete specialist nurse.
Expected results: Deleted specialist not available anymore, not available on Mongo DB either.
[image: ]
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Result: Passed










TC11	Register a new User
Description: Register a new User in the platform.
Steps: The user is sign up with their email address and details, then name is displayed in the top right-hand corner. Checked in Postman app also.
Expected results: New user available and saved. Displayed Correctly in UI. User is saved in Database Mongo DB.
[image: A screenshot of a login form
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Result: Passed
















TC12	Login as a User
Description: Login as a User, check profile and order history.
Steps: The user is sign in with their email address and password, then name is displayed in the top right-hand corner. Can go through user profile and order history.
Expected results User is Displayed Correctly in UI. Profile and order history displaying correctly.
[image: A screenshot of a login page
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Result: Passed



TC13	Delete User
Description: Delete a User as admin.
Steps: The admin deletes a user 
Expected results: User is not available anymore in platform or Mongo DB. Error occurs when trying to log in.
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Result: Passed
[bookmark: _Toc157622085]Chapter 6: Conclusions and Future Work

In conclusion, the Hospital Specialist Referral Ordering System project represents a pivotal initiative in streamlining and optimizing the referral process within a healthcare setting. The proposed system aims to enhance collaboration between nurses and specialists, leading to improved patient care and more efficient healthcare delivery. The project encompasses a comprehensive set of features, including user authentication, data management, workflow automation, and integration with external systems.
As part of the testing and evaluation phase, a comprehensive set of test cases has been compiled, each accompanied by acceptance criteria to facilitate the verification process. Rigorous testing is crucial to identify and rectify defects early, ensuring the reliability and functionality of the Hospital Specialist Referral Ordering System. Continuous improvement remains a key focus, with user feedback and testing outcomes guiding iterative enhancements to the system.
Building and launching a new program, as a student is very challenging and lots of research and work needs to be done as an individual, many things are unknown to me and never taught how to code same. Lots of research done online and in the hospital’s library I work at, consuming time.
 For future work, if someone wants to work with this project, would be a great idea for example for this system to have automated unit testing system, a notification email to be sent to the specialist, and a notification to the nurse who did the referral whenever an update is done. Another add on this development would be an appointment date schedule, where nurses and specialists can agree when is better for the patient to be seen.
I believe my final submission comprehensively addresses nearly all aspects of my initial project vision. Overall, I am highly content with the project, as it has provided me with valuable insights into app processes. Throughout the project, I gained a profound understanding of various features within the app, contributing significantly to my learning experience.
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