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ABSTRACT 

 The objective of this capstone project is to create a secure, easy-to-use application for 

the management of day-to-day operations of the Health Center at Al Akhawayn University, 

which will help provide efficient and effective quality health care. The application is called 

“The AUI Health Center Management System” and its main goals are to eradicate the use of 

pen paper from the Health Center and automate the administrative processes. There is nothing 

appealing about paper documentation – especially filing, shuffling and stacking – and 

handwritten paper easily fades. Thus, an electronic management system safeguards against the 

misplacing of patient records, reduces retrieval time, enhances organization and, most 

importantly, ensures accountability as every key stroke is documented. The time-consuming 

nature of maintaining handwritten records makes a visit to the Health Center a discouraging 

experience. Ethically speaking, it is incumbent that the system ensures patient privacy and 

maintains doctor-patient confidentiality. On the societal level, however, this project can be 

expanded so as to be deployed in private clinics and, ultimately, overcrowded slow-moving 

public hospitals all around the country.  
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1. Introduction 
 As the world transitions into a paperless, software-centered era, the economies of 

countries around the globe are increasingly becoming dependent on systems that are software-

controlled. However, the Health Center at Al Akhawayn University still uses inefficient ways 

to run the day-to-day operations. Because of the pen and paper procedures, and the physical 

hard copies of student, staff and faculty medical files and records it is a very time consuming 

process. 

 With the problem domain in mind, this type of service requires timely and efficient 

usage of clients’ needs and time. Health is a necessary asset to individuals and as such, it is 

important that patients not only get the health care they need and deserve, but also do it quickly 

and efficiently.  

 My motivation for developing the AUI Health Center Management System stems from 

my various visits to the center, during which I witnessed the heavy workload undertaken by the 

staff. Automating the processes, especially the administrative ones, will not only enhance the 

overall experience of visiting the health center, but also reduce the costs associated with paper-

full processes.  

 The management system allows users of various privileges (nurses, doctors and 

administrators) to access and display information about patients, their history and their medical 

records. Additionally, the application will keep track of patient visits, stays and transfers, as 

well as medicine inventory, prescriptions and diagnosis. The decision to develop a desktop 

application – as opposed to a web application – was taken after consideration of the necessity 

of safeguarding patient data, and preserving their confidentiality. The AUIHCMS is internal to, 

and can only be accessed from, the health center. This ensures that client information is not 

disclosed to any third party without consent of the patient.  

Because of the data-oriented nature of the application and, as a software engineer, it is 

important that such a system be developed in a systematic and organized approach in order to 

efficiently and effectively address the problem at hand, the constraints of development and the 

available resources. Therefore, it was only natural for me to adopt a software engineering 

process that ensures all activities of specification, development, validation and evolution are 

undertaken so that the software delivers the required functionality and performance to the 

users. Throughout the various phases of working on this project, I kept the following software 

attributes in mind: maintainability, dependability, efficiency and acceptability. 
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2. STEEPLE Analysis 
 A steeple analysis applied to this capstone project would help give an insight to the 

different macro-environmental factors relevant to it. Since the application is limited to the AUI 

Health Center and affect only the AUI community, the seven macro-environmental factors do 

not witness a huge change; they are discussed briefly below:  

• Societal Consideration: AUIHCMS will only affect the AUI community, whether 

students, staff, or faculty (and their families) If we consider AUI a micro-society then 

there would be effects.  

• Technical Consideration: the application relies on a common, already existing 

technology, and does not add up to the development or invention cycle. 

• Environmental Consideration: this application will affect positively the environment by 

decreasing the rate of paper waste. 

• Ethical Consideration: the application features are purely ethical.  

• Political Consideration: the client’s business does not interfere with politics and is does 

not affect or threaten the country’s political stability or instability. 

• Legal Consideration: the legal aspect will remain unchanged as well, since the 

AUIHCMS application does not involve the legal aspect such as taxes. 

• Economic Consideration: the economic growth is left untouched and the application will 

not suppress any job position or cause an inflation.  
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3. Methodology 

 As a Computer science student, and aspiring software engineer, having the skills and 

knowledge is often not enough; in many situations, the application to be developed will require 

a deep understanding of the functioning of the processes to be automated.  

 In my case, the capstone project involves health care procedures, technical words, data 

and concepts requires a preliminary research. In order to build enough knowledge and gather 

the necessary information that will be needed during the conceptualization of the application, 

besides the client information, I relied on meetings with the Health Center director, the nurses 

and the insurance officer, as well as internet explanations. On the other hand, I chose the 

incremental model for the software engineering model to be followed for this project. This 

technique allows the elicitation of requirements and reduction of the risks associated with such 

an undertaking, as the project is broken down into increments while leaving the door open for 

going back and making changes to previously implemented blocks.   

 



 11 

4. Requirements Specification 

 AUIHCMS will be designed according to the needs of Dr. Guennoun – the client and 

director of the health center. The requirements and specification phase was about gathering all 

necessary information about the features wanted. Those features were expressed explicitly by 

the client in details, in addition documents used in the Health Center were provided along with 

extra ones containing information about other entities related to the field, and with whom the 

center interacts extensively. The client wants the AUIHCMS application to manage all the 

center’s work aspects; including the patients, documents, medical histories, medication, and 

planning; and emphasized on the easiness and usability of the desktop application. Appendices 

at the end of the report gather the documents I relied partially on to build the requirements. 

Those documents include the forms that were handed by Dr. Guennoun, which are used in the 

Health Center.  

 

4.1 Feasibility Study 

 The fact is that the AUI Health Center is supremely inefficient and can benefit from this 

project. From the use of pen and paper to collect patient information to the huge folder database 

sitting in the middle of the room with all patients’ files and histories; a visit to the health center 

takes between five minutes to an hour depending on the number of patients and the time of day. 

Therefore, the adoption of an electronic system to replace the current overhead will add 

efficiency to the center. Additionally, with the removal of the folder database – which takes up 

a lot of space – the waiting area can be expanded to host more patients. Finally, the AUI Health 

Center will have a tool they can use to enhance their decision-making in the future to match the 

collected data. 

 In terms of cost, this project will be relatively free as I can use resources from the 

university – such as database – to implement the project. I will also be using open source tools 

which are free. However, there are high risks when it comes to this type of project. It is 

imperative that the system is reliable and available all the time because patients’ well-being is 

at stake. Additionally, a project this size requires more than three months for the implementation 

especially since I am taking five other classes in parallel.  

 As an outcome of this analysis, I conclude that this project is in fact feasible. With the 

leadership and guidance of professor Falah and the will to create a project that will actually be 

put to use, I believe I can turn this project from idea to reality. Thanks to the low-cost of the 
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project, my focus will be on managing the risks and leveraging existing open source 

technologies.  

 

4.1.1 Technology Enablers 

 4.1.1.1 Database Server: 

 Microsoft SQL Server is a relational database management system (RDBMS) that 

supports a wide variety of applications in IT environments. It’s one of the three market-

leading database technologies, along with Oracle Database and IBM’s DB2. Like other 

RDBMS software, Microsoft SQL Server is built on top of SQL; a standardized programming 

language used to manage databases and query the data they contain [1].  

 4.1.1.2 Language: 

 C# is the programming language used to develop the desktop application. It is an 

improved version of many of the features of C and C++ (its predecessors) It is an Object-

Oriented Programming (OOP) language which makes it a great fit for such a capstone project 

[2]. 

 4.1.1.3 Platform: 

 Microsoft Visual Studio is an IDE (Integrated Development Environment) created by 

Microsoft, which is used to develop applications for the web and desktop computers. Visual 

Studio includes Microsoft’s SQL Server functionalities, meaning it will make creating several 

functionalities (especially when querying the database) simpler and more efficient [3]. 

 4.1.1.4 Framework: 

 WinForms is a Graphical User Interface (GUI) class library, which is part of the 

Microsoft .NET Framework. Through the use of the MetroFramework, which adds a fresh 

look to the .NET WinForms Framework, the software will have an aesthetically appealing 

user interface [4]. 

4.2 Schedule 

 The table below illustrates the different tasks performed, and will be performed, since 

the beginning of the capstone project with their corresponding dates and period of time it took 

to achieve them.  

Table 1: Schedule 

Week Dates Tasks to be performed 

1 16/01 – 20/01 -Project Selection 
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2 23/01 – 27/01 -Initial Specification 

3 30/01 – 03/02 -Feasibility Study  

4-7 03/03 – 20/03 -Gathering requiements 

-Design and analysis 

-Interim report 

8-11 20/03 – 11/04 -Implementation 

12 11/04 – 15/04 -Testing 

-Finalizing the app 

-Final report 

13-15 15/04 – 29/04 -Poject Defense 

-Finalized report 

 

4.3 Functional Requirements  

 The major functional requirements expressed by the client are described below with 

regard to their particular purpose, input, output and exception, if any:  

4.3.1. Functional Requirement 1: Add New Patient Visit 

 

Functional requirement The nurse shall be able to add a new patient visit. 

Input The nurse shall enter information related to a specific patient visit. 

Output The new visit related to this specific patient will be added to the 

list of their visits. 

Exceptions If the nurse does not fill the Patient ID textbox, an error message 

will be displayed. 

 

4.3.2. Functional Requirement 2: Modify Patient Visit 

 

Functional requirement The nurse shall be able to modify a patient visit. 

Input The nurse shall select the ID of the patient whose visit details will 

be modified. 

Output The details of the visit shall will be displayed and the nurse shall 

be able to modify the information. 

Exceptions If the nurse does not select a patient ID prior to clicking on modify, 

an error message will be displayed. 
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4.3.3. Functional Requirement 3: Search Patient Visits 

 

Functional requirement The nurse shall be able to search patient visits. 

Input The nurse shall search for the visits of a patient by entering their 

Patient ID. 

Output The patient visit details searched by the nurse will be displayed on 

the screen. 

Exceptions If the nurse does not fill the Patient ID textbox, an error message 

will be displayed. 

 

4.3.4. Functional Requirement 4: Delete Patient Visit 

 

Functional requirement The nurse shall be able to delete a patient visit. 

Input The nurse shall select the Patient ID whose visit details are to be 

deleted, and click the delete button.  

Output The patient visit details shall be deleted. 

Exceptions If the nurse does not select a Patient ID, an error message will be 

displayed. 

 

4.3.5. Functional Requirement 5: View Patient Visit 

 

Functional requirement The nurse shall be able to view the client visits. 

Input The nurse shall be able to see the specific details of a patient’s visit 

by selecting their ID and then clicking on the details button. 

Output The specific details of a patient’s visit will be displayed on the 

screen. 

Exceptions If the nurse does not select a Patient ID, an error message will be 

displayed. 

 

4.3.6. Functional Requirement 6: Add New Drug 

 

Functional requirement The nurse shall be able to add a new drug. 

Input The nurse shall enter information related to a specific drug. 
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Output The new drug will be added to the list of pre-existing drugs. 

Exceptions If the nurse does not fill the Drug Name textbox, an error message 

will be displayed. 

 

4.3.7. Functional Requirement 7: Modify Drug 

 

Functional requirement The nurse shall be able to modify the information pertaining to a 

specific drug. 

Input The nurse shall select the name of the drug which will be modified. 

Output The details of the drug will be displayed and the nurse shall be able 

to modify the information. 

Exceptions If the nurse does not select a drug name prior to clicking on modify, 

an error message will be displayed. 

 

4.3.8. Functional Requirement 8: Search Drug 

 

Functional requirement The nurse shall be able to search drugs. 

Input The nurse shall search for the details of a drug by entering the 

drug’s name. 

Output The drug details searched by the nurse will be displayed on the 

screen. 

Exceptions If the nurse does not fill the drug name textbox, an error message 

will be displayed. 

 

4.3.9. Functional Requirement 9: Delete Drug 

 

Functional requirement The nurse shall be able to delete a drug. 

Input The nurse shall select the drug name to be deleted, and click the 

delete button.  

Output The drug details shall be deleted. 

Exceptions If the nurse does not select a drug name, an error message will be 

displayed. 
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4.3.10. Functional Requirement 10: View Drug Details 

Functional requirement The nurse shall be able to view the drug details, such as quantity in 

stock and expiration date, etc. 

Input The nurse shall be able to see the specific details of a drug by 

selecting their name and then clicking on the details button. 

Output The specific details of a drug will be displayed on the screen. 

Exceptions If the nurse does not select a drug name, an error message will be 

displayed. 

 

4.3.11. Functional Requirement 11: Add New Patient Prescription 

 

Functional requirement The doctor shall be able to add a new prescription to a specific 

patient. 

Input The doctor shall enter the prescription details related to a specific 

patient. 

Output The new prescription will be added to the list of patient 

prescriptions. 

Exceptions If the doctor does not select a specific patient, an error message 

will be displayed. 

 

4.3.12. Functional Requirement 12: Modify Patient Prescription 

 

Functional requirement The doctor shall be able to modify the information pertaining to a 

specific prescription. 

Input The doctor shall select the ID of the patient whose prescription will 

be modified, then select the specific prescription. 

Output The details of the prescription will be displayed and the doctor shall 

be able to modify the information. 

Exceptions If the doctor does not select a specific prescription prior to clicking 

on modify, an error message will be displayed. 

 

4.3.13. Functional Requirement 13: Search Patient Prescription 

 

Functional requirement The doctor shall be able to search for a prescription. 
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Input The doctor shall search for the details of a specific patient’s 

prescription by entering the patient ID. 

Output The prescription details searched by the doctor will be displayed 

on the screen. 

Exceptions If the doctor does not enter a patient ID and select a specific 

prescription, an error message will be displayed. 

 

4.3.14. Functional Requirement 14: Delete Patient Prescription 

 

Functional requirement The doctor shall be able to delete a prescription. 

Input The doctor shall select the prescription to be deleted, and click the 

delete button.  

Output The prescription details shall be deleted. 

Exceptions If the doctor does not select a prescription, an error message will 

be displayed. 

 

4.3.15. Functional Requirement 15: View Patient Prescription 

 

Functional requirement The doctor shall be able to view the prescription details, such as 

date, length, drugs, etc. 

Input The doctor shall be able to see the specific details of a prescription 

by selecting it and then clicking on the details button. 

Output The specific details of a prescription will be displayed on the 

screen. 

Exceptions If the doctor does not select a prescription, an error message will 

be displayed. 

 

4.3.16. Functional Requirement 16: Add New Patient Diagnosis  

 

Functional requirement The doctor shall be able to add a new diagnosis to a specific patient 

and specific visit. 

Input The doctor shall enter the diagnosis details related to a specific 

patient in a specific visit. 
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Output The new diagnosis will be added to the visit details of the specific 

patient. 

Exceptions If the doctor does not select a specific visit of a specific patient, an 

error message will be displayed. 

 

4.3.17. Functional Requirement 17: Modify Patient Diagnosis 

 

Functional requirement The doctor shall be able to modify the information pertaining to a 

specific diagnosis. 

Input The doctor shall select the visit pertaining to the diagnosis to be 

modified, then select the specific diagnosis.  

Output The details of the diagnosis will be displayed and the doctor shall 

be able to modify the information. 

Exceptions If the doctor does not select a specific diagnosis prior to clicking 

on modify, an error message will be displayed. 

 

4.3.18. Functional Requirement 18: Search Patient Diagnosis 

 

Functional requirement The doctor shall be able to search for a patient diagnosis. 

Input The doctor shall search for the details of a specific patient’s 

diagnosis by selecting the specific visit to which the diagnosis 

pertains.  

Output The diagnosis details searched by the doctor will be displayed on 

the screen. 

Exceptions If the doctor does not choose a specific visit and click on diagnosis, 

an error message will be displayed. 

 

4.3.19. Functional Requirement 19: Delete Patient Diagnosis 

 

Functional requirement The doctor shall be able to delete a diagnosis. 

Input The doctor shall select the diagnosis to be deleted, and click the 

delete button.  

Output The diagnosis details shall be deleted. 
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Exceptions If the doctor does not select a diagnosis, an error message will be 

displayed. 

 

4.3.20. Functional Requirement 20: View Patient Diagnosis 

 

Functional requirement The doctor shall be able to view the diagnosis details. 

Input The doctor shall be able to see the specific details of a diagnosis by 

selecting it and then clicking on the details button. 

Output The specific details of a diagnosis will be displayed on the screen. 

Exceptions If the doctor does not select a diagnosis, an error message will be 

displayed. 

 

4.3.21. Functional Requirement 21: Add Patient Transfer 

 

Functional requirement The nurse or doctor shall be able to add a transfer to a specific 

patient and specific visit. 

Input The doctor or nurse shall enter the transfer details related to a 

specific patient in a specific visit. 

Output The transfer details will be added to the visit details of the specific 

patient. 

Exceptions If the doctor or nurse does not select a specific visit of a specific 

patient, an error message will be displayed. 

 

4.3.22. Functional Requirement 22: Modify Patient Transfer 

 

Functional requirement The doctor or nurse shall be able to modify the information 

pertaining to a specific transfer. 

Input The doctor or nurse shall select the visit pertaining to the transfer 

to be modified, then select the specific transfer.  

Output The details of the transfer will be displayed and the doctor or nurse 

shall be able to modify the information. 

Exceptions If the doctor or nurse does not select a specific transfer prior to 

clicking on modify, an error message will be displayed. 
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4.3.23. Functional Requirement 23: Search Patient Transfer 

 

Functional requirement The nurse or the doctor shall be able to search for a patient transfer. 

Input The nurse or doctor shall search for the details of a specific 

patient’s transfer by selecting the specific visit to which the transfer 

pertains.  

Output The transfer details searched by the nurse or doctor will be 

displayed on the screen. 

Exceptions If the nurse or doctor does not choose a specific visit and click on 

transfer, an error message will be displayed. 

 

4.3.24. Functional Requirement 24: Delete Patient Transfer 

 

Functional requirement The doctor or nurse shall be able to delete a transfer. 

Input The doctor or nurse shall select the transfer to be deleted, and click 

the delete button.  

Output The transfer details shall be deleted. 

Exceptions If the doctor or nurse does not select a transfer, an error message 

will be displayed. 

 

4.3.25. Functional Requirement 25: View Patient Transfer 

 

Functional requirement The nurse or doctor shall be able to view the transfer details, such 

as transfer date and time, transfer clinic, etc. 

Input The nurse or doctor shall be able to see the specific details of a 

transfer by selecting it and then clicking on the details button. 

Output The specific details of a transfer will be displayed on the screen. 

Exceptions If the nurse or doctor does not select a transfer, an error message 

will be displayed. 

 

4.3.26. Functional Requirement 26: Add New Patient  

 

Functional requirement The administrator shall be able to add a new patient. 
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Input The administrator shall enter information related to a specific 

patient. 

Output The new patient details shall be added to the list of patients.  

Exceptions If the administrator does not fill the Patient ID textbox, an error 

message will be displayed. 

 

4.3.27. Functional Requirement 27: Modify Patient 

 

Functional requirement The administrator shall be able to modify a patient. 

Input The administrator shall select the ID of the patient whose details 

will be modified. 

Output The details of the patient shall will be displayed and the 

administrator shall be able to modify the information. 

Exceptions If the administrator does not select a patient ID prior to clicking on 

modify, an error message will be displayed. 

 

4.3.28. Functional Requirement 28: Search Patient 

 

Functional requirement The nurse or doctor shall be able to search for a patient. 

Input The nurse or doctor shall search for the patient by entering their 

Patient ID. 

Output The patient details searched by the nurse or doctor will be 

displayed on the screen. 

Exceptions If the doctor or nurse does not fill the Patient ID textbox, an error 

message will be displayed. 

 

4.3.29. Functional Requirement 29: Delete Patient 

 

Functional requirement The administrator shall be able to delete a patient. 

Input The administrator shall select the Patient ID whose details are to 

be deleted, and click the delete button.  

Output The patient details shall be deleted. 
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Exceptions If the administrator does not select a Patient ID, an error message 

will be displayed. 

 

4.3.30. Functional Requirement 30: View Patient 

 

Functional requirement The nurse or doctor shall be able to view a patient’s details. 

Input The nurse or doctor shall be able to see the specific details of a 

patient by selecting their ID and then clicking on the details button. 

Output The specific details of a patient will be displayed on the screen. 

Exceptions If the nurse or doctor does not select a Patient ID, an error message 

will be displayed. 

 

4.3.31. Functional Requirement 31: Add New Patient Record 

 

Functional requirement The administrator shall be able to add a new patient record. 

Input The administrator shall enter information related to a specific 

patient record. 

Output The new patient record details shall be added to the list of records.  

Exceptions If the administrator does not fill the Patient ID textbox, an error 

message will be displayed. 

 

4.3.32. Functional Requirement 32: Modify Patient Record 

 

Functional requirement The administrator shall be able to modify a patient record. 

Input The administrator shall select the ID of the patient whose record 

details will be modified. 

Output The details of the patient record shall will be displayed and the 

administrator shall be able to modify the information. 

Exceptions If the administrator does not select a patient ID prior to clicking on 

modify, an error message will be displayed. 

 

4.3.33. Functional Requirement 33: Search Patient Record 
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Functional requirement The nurse or doctor shall be able to search for a patient record. 

Input The nurse or doctor shall search for the patient record by entering 

their Patient ID. 

Output The patient record details searched by the nurse or doctor will be 

displayed on the screen. 

Exceptions If the doctor or nurse does not fill the Patient ID textbox, an error 

message will be displayed. 

 

4.3.34. Functional Requirement 34: Delete Patient Record 

 

Functional requirement The administrator shall be able to delete a patient record. 

Input The administrator shall select the Patient ID whose record details 

are to be deleted, and click the delete button.  

Output The patient record details shall be deleted. 

Exceptions If the administrator does not select a Patient ID, an error message 

will be displayed. 

 

4.3.35. Functional Requirement 35: View Patient Record 

 

Functional requirement The nurse or doctor shall be able to view a patient’s record details. 

Input The nurse or doctor shall be able to see the specific record details 

of a patient by selecting their ID and then clicking on the details 

button. 

Output The specific record details of a patient will be displayed on the 

screen. 

Exceptions If the nurse or doctor does not select a Patient ID, an error message 

will be displayed. 

 

4.3.36. Functional Requirement 36: Add New Doctor  

 

Functional requirement The administrator shall be able to add a new doctor. 

Input The administrator shall enter information related to a specific 

doctor. 
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Output The new doctor details shall be added to the list of doctors.  

Exceptions If the administrator does not fill the Doctor ID textbox, an error 

message will be displayed. 

 

4.3.37. Functional Requirement 37: Modify Doctor 

 

Functional requirement The administrator shall be able to modify a doctor’s details. 

Input The administrator shall select the ID of the doctor whose details 

will be modified. 

Output The details of the doctor shall will be displayed and the 

administrator shall be able to modify the information. 

Exceptions If the administrator does not select a doctor ID prior to clicking on 

modify, an error message will be displayed. 

 

4.3.38. Functional Requirement 38: Search Doctors 

 

Functional requirement The administrator shall be able to search for a doctor. 

Input The administrator shall search for the doctor by entering their 

Doctor ID. 

Output The details searched by the administrator will be displayed on the 

screen. 

Exceptions If the administrator does not fill the Doctor ID textbox, an error 

message will be displayed. 

 

4.3.39. Functional Requirement 39: Delete Doctor 

 

Functional requirement The administrator shall be able to delete a doctor. 

Input The administrator shall select the Doctor ID whose details are to 

be deleted, and click the delete button.  

Output The doctor details shall be deleted. 

Exceptions If the administrator does not select a doctor ID, an error message 

will be displayed. 
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4.3.40. Functional Requirement 40: View Doctor 

 

Functional requirement The administrator shall be able to view a doctor’s details. 

Input The administrator shall be able to see the specific details of a doctor 

by selecting their ID and then clicking on the details button. 

Output The specific details of a doctor will be displayed on the screen. 

Exceptions If the administrator does not select a doctor ID, an error message 

will be displayed. 

 

4.3.41. Functional Requirement 41: Add New Nurse 

  

Functional requirement The administrator shall be able to add a new nurse. 

Input The administrator shall enter information related to a specific 

nurse. 

Output The new nurse details shall be added to the list of nurses.  

Exceptions If the administrator does not fill the Nurse ID textbox, an error 

message will be displayed. 

 

4.3.42. Functional Requirement 42: Modify Nurse 

 

Functional requirement The administrator shall be able to modify a nurse’s details. 

Input The administrator shall select the ID of the nurse whose details will 

be modified. 

Output The details of the nurse shall will be displayed and the 

administrator shall be able to modify the information. 

Exceptions If the administrator does not select a nurse ID prior to clicking on 

modify, an error message will be displayed. 

 

4.3.43. Functional Requirement 43: Search Nurses 

 

Functional requirement The administrator shall be able to search for a nurse. 

Input The administrator shall search for the nurse by entering their nurse 

ID. 
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Output The details searched by the administrator will be displayed on the 

screen. 

Exceptions If the administrator does not fill the nurse ID textbox, an error 

message will be displayed. 

 

4.3.44. Functional Requirement 44: Delete Nurse 

 

Functional requirement The administrator shall be able to delete a nurse. 

Input The administrator shall select the nurse ID whose details are to be 

deleted, and click the delete button.  

Output The nurse details shall be deleted. 

Exceptions If the administrator does not select a nurse ID, an error message 

will be displayed. 

 

4.3.45. Functional Requirement 45: View Nurses 

 

Functional requirement The administrator shall be able to view a nurse’s details. 

Input The administrator shall be able to see the specific details of a nurse 

by selecting their ID and then clicking on the details button. 

Output The specific details of a nurse will be displayed on the screen. 

Exceptions If the administrator does not select a nurse ID, an error message 

will be displayed. 

 

4.3.46. Functional Requirement 46: Generate reports 

 

Functional requirement The administrator shall be able to generate reports. 

Input The administrator shall be able to choose the type of report they 

want to generate and click generate 

Output The selected report will be generated and the administrator can 

view it.  

Exceptions If the administrator does not select a type of report to generate, an 

error message will be displayed.  
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4.4 Non-Functional Requirements  

4.4.1. Product Requirement 

 4.4.1.1. Usability Requirement 

 The application is user-friendly and provides a simple interface for the user (nurses and 

doctors). It is very easy to understand thanks to the simple and clear menus, which 

allows the users to access, quickly and directly, the Patients visits, history, record, etc. 

 4.4.1.2. Efficiency Requirement 

  4.3.1.2.1. Performance Requirement 

  The start time of this application shall be quick. Also, the response time shall not 

exceed 8 seconds since the throughput of operations performed per second is not 

high. 

  4.3.1.2.2. Space Requirement 

  The system shall not occupy more than 50 Mb. 

 4.4.1.3. Reliability Requirement 

 The system shall be reliable and all of its functions shall perform as required.  

 4.4.1.4. Portability Requirement 

 The system shall be compatible with Windows Operating Systems. 

4.4.2. Organizational Requirement 

 4.4.2.1. Delivery Requirement 

 The AUI Health Center Management System should be delivered by the end of May. 

 4.4.2.2. Development Requirement 

 The application should be developed using C# as a programming language. 

4.4.3. External Requirement 

 4.4.3.1. Ethical Requirement 

The AUI Health Center shall respect ethical rules and regulations. 

 4.4.3.2. Legislative Requirement 

 The AUI Health Center Management System shall preserve the clients’ confidentiality 

and protect data from unauthorized access, this is why security features of the software 

shall be strengthened through the use of a logic page at the launch of the application.  
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5. Design and analysis 

5.1 Entity Relationship Diagram 

 Because this capstone project relies heavily on the database’s interactions with the 

desktop application, it was important that a thorough database be created. The Entity 

Relationship Diagram (ERD) is a visual representation used to model data in the database, and 

showcase the relationships between the various tables. The figure below is the ERD for this 

capstone project, as generated by MS SQL Server Management Studio: 

 

Figure 1: ER Diagram 



 29 

5.2 Use Case Diagram 

 The use case diagram is a descriptive system diagram, which highlights the major 

features, components and functionality of the software. It showcases the actors, use case, 

system and the various relationships between them. As for the AUIHCMS, there are three 

different types of actors: nurse, doctor and administrator. Because of the large number of 

actions available to each of these actors, it was impossible to squeeze all of them into the 

same diagram. Therefore, I have chosen to split the use case diagram into three diagrams; one 

for each actor. The figures below are the diagrams: 

 

Figure 2: Use Case Diagram – Administrator 
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Figure 3: Use Case Diagram – Doctor 
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Figure 4: Use Case Diagram - Nurse 
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5.3 Sequence Diagram 

 The sequence diagram is a representation of the interactions between the different 

objects of the system over a period of time. Not only can this diagram be used for both design 

and analysis purposes, but also as a flow model to document and validate the logic. [5]. Figure 

is a sequence diagram which documents the flow of the authentication process.  

 

Figure 5: Sequence Diagram - Authentication 

 

 The sequence diagram shown in figure is the model for the flow of adding a new 

prescription (by a doctor user-type). This addition is carried out in a sequential manner, 

starting from authentication and ending with successful database querying.  
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Figure 6: Sequence Diagram - Add Prescription 

 

5.4 Class Diagram 

The Class Diagram is a useful tool to showcase the various classes of the system and their 

interactions. Every class has a set of attributes and methods, as shown below. 

Figure 7: Class Diagram 
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6. Development and Implementation 

6.1 SQL Database – Visual Studio connection 

 The figure below is a screenshot of c# code from the AUIHCMS Visual Studio 

project, which is used to connect to the database from the application.  

 

Figure 8: SQL Database - Visual Studio Connection 

6.2 Login Form – Authentication Validator  

 Similarly, the two figures below are screenshots of c# code from the AUIHCMS 

Visual Studio project, which is used to authenticate users.  

 

Figure 9: Authentication Validator - Part I 



 35 

 

Figure 10: Authentication Validator - Part II 

 Additionally, and in order to improve traceability, the code below is the one 

responsible for adding to the log file. Whenever a user tries to log in, my program 

automatically adds it to the log file. If authentication was carried out successfully, the date, 

time and user id will be recorded. Otherwise, the date, time, user type, user id, and the 

password used will be logged.  

 

Figure 11: Code Snippet - Authentication Logger 
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7. Testing 

Testing is the process of examining the fulfillment of the requirements and meeting of quality 

expectations. It is a very important step of the software development cycle. The goal of testing 

is to reveal the presence of errors which is accomplished through the phases of Unit Testing, 

Integration Testing, System Testing and finally, Acceptance Testing. 

7.1 Unit Testing 

The goal of unit testing is to take the smallest piece of software, isolate it, and determine 

whether it behaves exactly as expected. As both the developer and tester, I conducted White 

Box testing; targeted testing at the level of the underlying complexity of the software which 

tests implementation and design. The testing of individual functions of the system revealed 

several bugs, which were subsequently fixed. 

7.2 Integration Testing 

This phase of the testing process involves testing the system as components are integrated. For 

this capstone project, Sandwich Integration Testing was conducted and all the discovered 

errors were promptly corrected.  

7.3 System Testing 

System Testing involves integrating components to create a sub-system or a system. For this 

capstone project, system testing served a greatly useful purpose, as it allowed for testing the 

increments of the system prior to delivery. Some of the system tests conducted for this 

capstone project include:  

• Recovery Testing: checking the system’s ability to recover from failures: pass. 

• Security Testing: verifying that the system is protected and its defense mechanisms 

prevent improper penetration or data alteration: pass. 

• Performance Testing: testing the run-time performance of the software: pass. 

7.4 Acceptance Testing 

The final phase of testing, Acceptance Testing, was conducted with the presence of the client, 

Dr. Guennoun. During acceptance testing, the client ensured that the software works 
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according to the required specifications and meets all criteria and business rules. The final and 

complete software was tested under the supervision of myself and Dr. Falah, and it took place 

at this latter’s office. 

8. Difficulties 
 This capstone project was by far the most difficult and challenging experience of my 

life thus far. It required every bit of commitment, perseverance, and hard work I could muster. 

Due to my supreme inexperience in the medical field – although my mom is a nurse – the 

majority of issues I faced while working on my project were related to technical words and 

unusual vocabulary. Additionally, having to develop an application in French, considering my 

limited proficiency in the language, was an unpleasant experience as I found myself spending 

copious amounts of time translating from English to French. Moreover, being an active 

student on campus in addition to enrolling in five courses and capstone, made time 

management inexplicably taxing. Because of this, I was forced to spend my spring break on 

campus in order to advance in this project. Finally, never having programmed in c# before, I 

had to learn how to code in this language throughout the semester. However, thanks to the 

various programming courses I took as a Computer science student, the learning curve was 

shallow and I could pick up the language rather quickly. 

 

9. Outcomes 
 Having taken the Software Engineering I and II courses, this project allowed me to 

apply the knowledge I acquired in these courses on a bigger scale. As an aspiring software 

engineer, and having the opportunity to work on such a complex system, with all its 

intertwining components, I was able to gain valuable experience that will surely be helpful in 

the future. I also got the chance to gain knowledge in a field I was unfamiliar with; medicine. 

Finally, being exposed to c# and Visual Studio was a rewarding adventure.  

10. Conclusion and Future Work 

 Working on a project of this magnitude was a true challenge, one that required 

tremendous focus, attention to detail, responsibility and continuous involvement. From the 

first phase of requirements specification all the way to acceptance testing, this project needed 

a clear roadmap of the necessary components and the desired outcome. The AUI Health 
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Center Management System is the fruit of a semester-long collaboration between myself, my 

supervisor Dr. Falah and the health center director Dr. Guennoun.  

 The AUIHCMS is a complete management system, one which will hopefully be put to 

use at the health center. Upon submission of the final iteration of the application – after 

feedback from the capstone defense – the system will be deployed in the health center and the 

staff will be trained to use it. It goes without saying that maintaining the application will be of 

utmost importance, that is why I focused on writing meaningful code so as to ease this 

process. If I am not able to maintain the system myself, someone else will not have a difficult 

time conducting software maintenance.  

11. Screenshots of the AUIHCMS 

 

Figure 12: Login Interface 
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Figure 13: Main Page 

 

Figure 14: Options Menu 
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Figure 15: Consult Log File 

 

 

Figure 16: Test Connection to the Database 
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Figure 17: Account Menu 

 

Figure 18: Add Prescription Page 

 

Figure 19: View Visits Page 
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Figure 20: View Nurses Page 

 

 

Figure 21: Add New Patient Page 
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Figure 22: Add New Patient Page - Successful 

 

Figure 23: Add New Patient Page - Error Handling 
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