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Executive Summary 

Effat College semor students belonging to the Information Systems and Computer 

Science departments are required to submit a research project to acquire a bachelors 

degree in IS/CS. This report documents the work done by this project team, Alia Al 

Shalhoub, Eman Janbi, and Meaad Al Guthmi, to accommodate their graduation 

requirements. 

As continuation from phase I, information in this report guides the readers through the 

progress of planned tasks to achieve the objectives of the report following this research's 

twofold: 

1. Development of a complete system design plan for an Automated Document

Tracking System for King Faisal Specialist Hospital, to solve the problem faced by

the medical records department. The report covers the implementation of tasks to

achieve this goal including: user requirements collection, systems needs verification,

literature , and finally leading to complete system design.

2. Development of a generic Electronic Medical Records management system, Auto

Record as an expansion to the Automated Document Tracking System solution. It can

be used by any hospital. The report covers the implementation of tasks to achieve this

goal including: user requirements collection, familiarizing team members with some

medical terminology and procedures through extensive research, existing systems

analysis, prototyping suggested user interface, prototypes verification, and system

design, finally leading to the constructing of Auto Record and testing its functionality.

To document all the possible details of the work progress, this report was outlined to five 

chapters. The first chapter is an introduction chapter to briefly summarize the contents of 

the report and give the reader a general idea about the project's subject. The second 

chapter includes all the literature review material collected in completion of the required 

literature research. Chapter 3 is a detailed report documenting all the procedures and the 

result of developing an Automated Document Tracking System solution for KFSH. The 

fourth chapter is a detailed report to document the procedures and the result of 

developing a genetic Electronic Medical Record Management System, Auto Record. 

Finally, Chapter 5 concludes the contents of the report in summary of the project tasks. 
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1.1 Introduction 

Chapter One 

Introduction 

The 21s century has been and is continuing in the road of advances to booming 

technology era. Information technology has become a powerful tool in business, 

education, and even medicine industries. IT empowers the previous industries by 

supporting business transactions, increasing efficiency of work flow, and thus, 

improving the quality of products and services. Almost all business trends are moving 

towards paperless organizations and fully automated business procedures. 

The paperless fully automated hospital is one of the challenging IT projects being 

developed in different parts of the world. The core of a complete e-hospital is the 

Electronic Medical Record (EMR). Medical records are the specialty documentation 

of hospitals and health institutions, containing current and historic medical 

information about patients. Medical records are essential information assets to 

hospitals and health institutions in general. Automating these records and using 

advanced technologies to manage them is a common goal for many hospitals known 

for care quality. The benefits of this goal to the workflow accuracy and service quality 

of a health institution are countless and most desired. 

Joining this technology race, a team of Information Systems seniors at Effat College 

took up the challenge in developing an EMR system towards their graduation project 

completion. This development started with finding a solution to paper-based medical 

records problems for a local hospital. Searching for a solution emerged into the desire 

of developing a fully Automated Medical Records Management System that solves 

paper-based medical records problems, increase work flow accuracy in health 

intuitions, and controls the overall quality of health care services. 

This report is a documentation of the work done by the project team in completion of 

their graduation requirements. The report includes detailed descriptions of the 

project's goals, methodology, scope, and deliverables. 
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1.2 Problem Statement 

Research and case studies tasks of the project lead the team to discover existing 

problems with the tracking of misplaced medical charts at King Faisal Specialist 

Hospital. The primary aim of this project was to find a system solution to KFSH 

medical charts problem. Through additional research to find a specific system solution 

for KFSH, the team came across many automated medical records systems, e-hospital 

systems, and Tele-medicine technologies. Thus the project goal was expanded to 

developing a generic hospital information system that would lead to automate medical 

records. 

A fully automated medical records information management system is a suitable 

solution for the tracking of misplaced medical charts in KFSH. However, a more 

specific and faster implemented solution is an Automated Document Tracking 

System. The project team combined both goals m this project, thus the finally 

summarized problem statement includes two issues: 

1. System solution of tracking medical charts at King Faisal Specialist hospital.

2. Generic EMR hospital information system to automate workflow of health

care procedures and increase service quality.

1.3 Research Objectives 

The main research objective was to find a system solution for KFSH medical records 

tracking problem, designing the system, building it, and implanting it. The same 

objectives were also suitable for development of a generic EMR Hospital Information 

System. The aim of such systems is for hospital's to increase efficiency of the work 

and quality of their services through better management and manipulation of their 

data assets. 

To develop an information system the health industry required the project team to be 

familiar with standard medical data rules and procedures, in addition to general 

knowledge about patient health care processes and their need for data. Members of the 

team did not have any medical background to base the system development on. Thus, 

one of the essential objectives of this research was to acquaint themselves with 
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general medical information and encourage them to gather knowledge that integrates 

the fields of medicine and information technology. 

This project has also many general academic objectives. The first of these objectives 

is to earn a bachelors degree in Information Systems. The main purpose of such a 

graduation project is to explore and apply theoretical knowledge into a real life 

situation. The team had to search for a situation, analyze it, find a solution, and 

implement it accordingly. 

Project tasks can be categorized into three main areas: Literature review, Automated 

Document Tracking System analysis and design, and development of a generic fully 

automated medical records system. A chapter of this report is dedicated to each of 

these categories. In each chapter there is a detailed list of the specific objectives of the 

task. 

1.4 Research Scope 

The main focus of this project was the Medical Records Department of King Faisal 

Specialist Hospital. To develop a system solution for their medical charts tracking 

dilemma, the team's tasks and research were concentrated on medical records and the 

automation of healthcare services in a medical record management system. Within the 

healthcare services, we focused on the procedures for out-patient medical records. 

1.5 Research Methodology 

To reach the system development and research goals of this project, the team used a 

wide variety of methodologies. The following approaches were abided by the research 

and literature review of the project: 

1. Collecting and summarizing information from books, mainly on system

development and project management, standardized health procedures manuals, 

journal articles, and a variety of medical information websites. 

2. Conducting case studies on a number of local hospitals and clinics to analyze

their medical records information systems. 

3. Meeting with necessary medical personnel for information verification and

further information collection. 

3 



For s ystem development, the team followed the standard system development life 

cycle procedures, starting with system's analysis and ending with system testing. The 

following approaches were abided by the system development tasks: 

1. Identifying user requirements through interviews, system investigations, and

hospital observations. 

2. Modelling current systems work flows and compare it with solution system

workflows. 

3. Using Microsoft Visio to create user interface prototypes for user verification.

4. Using SQL plus to construct system functions.

5. Using Oracle DBMS to build, implement, and manage system's database.

6. Using Oracle Form builder and Report builder to build system's interface and

output reports. 

Later chapters of this report include more detailed methodology that was followed for 

each of the specific project tasks. 

1.6 Report Outline 

This report is subdivided into four chapters. Chapter 1 is the introduction chapter 

which briefly summarizes the contents of the report and gives the reader a general 

idea about the project's subject. Chapter 2 includes all the literature review material 

collected in completion of the academic research part of the project. Chapter 3 is a 

detailed report that describes the procedures and the result of developing an 

Automated Document Tracking System solution for the medical records loss problem 

at KFSH. Chapter 4 is a detailed report which describes the procedures and the result 

of developing a genetic Electronic Medical Record Management System. Finally 

Chapter 5 is a conclusion of the whole report. 
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2.1 Introduction 

Chapter Two 

Literature Review 

This chapter summarizes the information collected during the research activities to 

complete the senior project. Team members had to conduct a number of research 

summaries to acquaint themselves with unknown medical subjects and verify the 

system development procedures they used. Research subjects under the literature 

review are: Medical informatics, Electronic Medical records, and studies of existing 

EMR management systems such as Cemer and WIPRO. In addition, the research 

included several database related subjects such as: database management systems 

(Oracle), database systems design and construction tools (Oracle Forms Builder & 

Oracle Report Builder), and system prototyping tools (Microsoft Visio ). 

2.2 Medical Informatics 

Dr. Bakheet Aldosari is a health informatics and change management consultant at the 

Saudi National Guard Health Affairs. He conducted a power point presentation 

entitled Clearing the Way for Physicians' Use of Medical Informatics Systems. 

This presentation was the main and insightful resource for the team to collect 

information about the subject of medical informatics. This section discusses some 

aspects about medical informatics. Starting with the formal definition of medical 

informatics, followed by a detailed illustration of its application components, and 

ending with a quick contrast between its benefits and barriers. 

2.2.1 Definition 

As summarized in Dr. Aldosari presentation, medical informatics is a body of 

knowledge accompanied by a set of techniques which concern the organization 

management of information to support medical research, education, and high quality 

patient care. Dr. Aldosari takes his definition further by arguing that Medical 

informatics combines medical science with several technologies & disciplines in the 

information and computer sciences and provides methodologies ... to better 

knowledge & care. (Aldosari, 2006) 

5 



2.2.2 Application Components 

Dr. Aldosari identifies seven main components to medical informatics applications. 

The first component is clinical information systems, which include systems that ease 

the performance of systematic clinical processes. Examples of clinical information 

systems include: laboratory and radiology information systems, pharmacy information 

systems, nursing information systems, staff scheduling systems, and medical records 

information systems. 

The second component is Enterprise Resource Planning Systems ERP. ERP is a 

software application that fully integrates information systems that span most or all of 

the basic, core business functions. (Bentley & Dittman & Whitten, 2004). Examples 

of ERPs in a medical institution include: billing system, maintenance management 

systems, patient accounting systems, and human resources management systems. 

The third component is concerned with data and data management systems. This 

includes the different types of data, external and internal, for example, as well as the 

various data resources. Such data is used for risk management measurements and 

enterprise tasks scheduling. 

The fourth component, more concerned with higher management personnel, is 

decision support and analytical systems. A decision support system (DSS) is an 

interactive computer-based system or subsystem that helps people use computer 

communications, data, documents, knowledge and models to identify and solve 

problems, complete decision process tasks, and make decisions. ( dssresources.com, 

2006). This component is highly dependent on data mining functions, summary 

reports, and analytical statistics spread sheets and graphs. In general, DSS delivers a 

suitable format of data to management, who in turn combine this data with their 

strong background of the organization's business transactions, to make wise effective 

critical decisions. 

Data warehouses are the fifth component of a medical informatics application system. 

According to Kendall and Kendall, in their book, Systems Analysis and Design, a 

data warehouse is a collection of data in support of management decision processes 

that is subject oriented, integrated, time-variant, and non-volatile. (Kendall & 

Kendall, 2002). Thus the data warehouse includes the DSS, defined earlier, and the 

executive information systems (EIS). EIS are information systems that provide 
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As provided by Dr. Aldosari, figure 2.1 is a visual illustration of an ideal informatics 

applications technical architecture 

2.2.3 Benefits 

In general the goal of any organization seeking to apply an information system into 

their line of business is development, growth, and reduced service cost. Medical 

informatics increases the efficiency of business processes and enhances the quality 

of healthcare. This is due to several improvement factors, medical informatics bring 

to the work environment of a health institution, such as: 

Regular availability and instantaneous update of patients' medical records. 

Reduced physician's overtime spent in completing paper work. 

Robust, updated, and secure medical data. 

Reduced cost of abstracting and transcribing medical charts. 

The benefits of medical informatics can be further detailed according to three 

categories: patient benefits, physician benefits, and enterprise administrative benefits. 

Patient's benefits come from the efficiency and promptness the information system 

brings to the various healthcare processes. Efficiency and promptness are factors of 

reduced or paper less administration registration, and scheduling procedures, that take 

a long otherwise, when implemented manually. Thus, medical informatics reduces 

patient waiting time to receive the required healthcare procedures. 

Physician's benefits include relaying on efficient data access which improves the 

physician's practice. Medical informatics allow physicians accurate and timely access 

of patient's data when needed. Instantaneous update of patient's information speed up 

and make the provision of healthcare procedures more convenient to the physicians. 

In addition, medical informatics offer decision making support facts and information 

to physician to reduce the risk of false diagnosis and maltreatment. 

Enterprise administrative procedures are improved by medical informatics in terms of 

cost effectiveness and improved service speed. The accuracy of information systems 

allows the administration of a health institution to handle larger patient populations. 
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Finally, using online informatics technologies allow administration to monitor and 

verify patients' eligibilities and treatment benefits. 

2.2.4 Barriers 

Dr. Aldosari argues that there are three general factors that obstruct the 

implementation of medical informatics systems: professional value barriers, 

organizational factors, and technical factors. Professional values barriers illustrate the 

usual human resistance to change the routine of business or work flow. Furthermore, 

medical informatics may enforce professional changes on internal business 

environment cultural attributes amongst the hospital's staff. As well as changes on the 

external environment cultural attributes such as relationships with the patients. 

Organizational factors are concerned with the people of the organization. They start 

with management resistance resulting from their fear of replacement by an automated 

procedure that over qualifies their humanistic work abilities. In addition, poor or 

limited financial sponsorship, support, commitment from executives creates more 

barriers to medical informatics. In general, all level employees' resistance to training 

and lack of involvement in the operation of medical informatics systems are 

obstructions as well. 

Technical factors on the other hand include difficulty of development, 

implementation, and usage of some of the complex functions that depend on advanced 

technologies. People's lack or limitations of technical knowledge, make them techno 

phobic, and thus, resistant to technical advancement that leads to the obstruction of 

new medical informatics technologies. 

2.3 Electronic Medical Records 

The ideal healthcare experience is one in which today's technology supports patients 

and their healthcare team through the use of efficient health information. Technology 

will enable physicians to easily send and receive information about patients under 

their care. As patients' electronic health information becomes more available, 

healthcare services, management, patient access, and coordination of healthcare 

professional's efficiency in performing daily tasks will improve enormously. This 

section of the report is devoted to discussing a verity of aspects about electronic 

medical records. This is the core subject of the team's project. The scientific theories 
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-

presented in the section were experienced first hand by the team members throughout 

the development of an electronic medical record management system. 

2.3.1 Introduction 

After describing the science of health informatics in general, we move to the specific 

technology of electronic medical records. This is the tool that permits healthcare 

providers to access complete medical information about their patients no matter when 

or where they were treated. Electronic medical records are a broad subject with many 

aspects, this section discusses in detail, as the needs and objectives, advantages, risks, 

and additional aspects. 

2.3.2 Medical Records 

According to the World Health Organization, a medical is a completion of facts about 

a patient's life and health (WHO, 2001). For further classification Huffman Says that 

the medical record must contain sufficient data to identify the patient, support the 

diagnosis or reason for attendance at the healthcare facility, justify the treatment and 

accurately document the results of that treatment. (Huffman, 1990) 

2.3.2.1 Functions 

The primary purpose of a medical record is to record detailed facts about a patient's 

medical history. The information is focused on the patient's current attendance at the 

specific healthcare facility. Information is recorded to be used for future healthcare 

procedures requirements. 

The World Health Organization classifies the following main functions of medical 

records: 

- Document course of patient's illness and treatment thereof.

Communication channel between all the medical professionals providing care

to one specific patient.

Continuing patient care.

Aid in medical research of specific diseases and treatment

Collection of health statistics.
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The previous functions were taken into consideration by the team members during the 

development of the generic EMR management system. 

2.3.2.2 Standardization 

As we learned in the course of Information Systems, standardization of data and 

procedures is an essential factor to business success in all industries. To develop a 

generic EMR management system, the team searched for standard terminology and 

data content requirements. Following standards gives the system flexibility in usage 

and understanding by any hospital that choose to implement it. 

Given its prestigious and global value, the World Health Organization was the main 

source of standardization information. The team used the Medical Record Manual of 

the WHO as a guide in developing forms and directing the dataflow in construction of 

their generic EMR management system. Examples of WHO standardization followed 

by the team inc1ude the standard information patient identification requirements, 

which are: 

- Family and given names

- Full address

- Hospital identification number/Medical record number

- Gender

- Date of birth

- Mother's name

- Other patient unique characteristics

In addition, the WHO has set standards for the data to be collected by an outpatient 

medical record, inc1uding: 

- Hospital identification number/Medical record number (MRN).

- Medical history of presenting illness and physical findings.

Clinical observations for follow-up procedures.

- Results of tests and investigations performed.
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- Outcome of the patient's visit - (transfer, investigation request, etc.)

The team also benefited from the WHO standard statistical demonstrations to be 

constructed from a medical record, which are: 

- Comparisons of hospital present and past performance in order to monitor and

enhance the performance progress.

- Development planning guides.

- Appraisal of the work of hospital's medical staff.

- Statistical illustrations to be presented to financial sponsors and government

agencies.

- Medical research aids.

2.3.3 EMR Definition 

An Electronic Medical Record is a computer based patient record that electronically 

maintains information about the health status and healthcare of an individual also. 

EMR is the electronic information relating to the past, present or future physical or 

mental health and condition of a patient. It is part of a health information system 

designed especially to support medical users through availability of complete and 

accurate patient data, decision support systems, and links to medical knowledge 

resources. 

2.3.4 EMR Characteristics 

EMR advance the work of many customers. Clinical management, quality assessment 

and improvement, recourse utilization management, as well as research and education 

are enhanced. The EMR includes provisions for interactive access to knowledge-bases 

and quality triggered clinical interventions. Healthcare institutions and practitioners 

are as dependent on computer technology to meet their business needs as is any other 

business organization today. 

2.3.4.1 Clinical Customers 

Information system support healthcare organizations' business processes. The major 

benefit to the business of healthcare is that as information system implementations 
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continue to grow in organizations more and better patient data are available. They 

help reduce data collection duplication and errors in transcription of orders. System 

prompts that are built into the computer programs for data collection promote more 

complete information, thus quality is improved. EMRs increase the clinical 

management by providing organized, accessible, timely, legible information to 

multiple users. 

2.3.4.2 Clinical Management and Decision Support 

Clinical Management and Decision Support are strengthened by linking record 

content with administrative and medical local tools. Clinical reminders are a tool that 

works in conjunctions with the EMR system. In organizations where automated 

appointment systems are in place, such systems can trigger the database search to 

generate the reminder document so that the information is available for the physician 

and patient at the time of the next appointment. 

2.3.4.3 Quality Assessment 

Quality Assessment relies on the patient record as an integral part of its activities and 

the EMR affords significant benefits to this process. The EMR database can be 

searched for key information or quality indicators to trigger qualitative review. These 

searches are more comprehensive and quicker then the traditional approach. 

As EMR system continues to develop the expectations are that ongomg quality 

management capability will be designed and included as elements. 

2.3.4.4 Resource Management 

The EMR contributes to more effective resource management by providing both data 

analysis at a level beyond the paper record system and intervention of information to 

physicians in the patient population care management process. Thus it provides 

information to managers to understand the resource needs driven by clinical realities. 

2.3.5 EMR Needs and Reasons 

In his paper Electronic Medical Records and Continuity of Care Records, Chheda 

divides the needs of EMR into three categories: transportability, personal health 

records, and containment of cost (Chheda, 2005). Transportability increases the 
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accessibility of patient information necessary to be reviewed by the next health care 

giver. Personal health records (PHR) are medical records which contain patient

entered information. They encourage the patient to keep track of his/her health care 

progression. With the rapid advancement of Tele-health, patients can remotely access 

their PHR and, thus, monitor their medical information from different geographical 

locations. Finally, and perhaps most importantly, the implementation of EMR in a 

healthcare institution develops a systematic approach to the transportability of 

healthcare information by directing all disciplines to work together towards a 

documented , integral approach to the individual patient (Chheda, 2005) Approach 

systemization leads to work efficiency, higher service quality and containment of 

cost. 

Implementation of EMR is called for by several reasons. One reason is the paper 

record pitfalls call for the implementation of electronic connections between remote 

branches of a healthcare organization to enable physicians to access historical medical 

patient information from in different locations. Another reason for overcoming paper 

records with EMR is to maintain the quality of record keeping in parallel to healthcare 

quality. 

2.3.6 Paper-based Records Disadvantages 

EMR is used to capture, transmit, receive, store, retrieve, link and manipulate 

multimedia data for the primary purpose of providing health care and health related 

services. The information in EMR should be well organized, accessible, accurate, and 

should supports comprehensive, coordinated and cost effective's healthcare services. 

EMR is necessary in today's world because paper records fail to meet healthcare and 

health information customer needs.., the paper-based medical record become large, 

unmanageable, illegible, and frequently unavailable. The disadvantages of paper

based records are: 

- The records may not be available because they are being used by other

practitioners. 

- Record may not be complete, if they rely on manual filing for diagnostic test

results. 

- Transfer of related information about the patient is not done properly.
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- P8p.er records often cannot be used effectively for research and educational

purposes. 

- Data manipulation with paper record is very difficult and requires additional

work. 

2.3.7 EMR Advantages 

In contrast, EMR are developed to overcome paper-base drawbacks with the 

following advantages: 

The data entered is uniform with respect to defined field. 

Coding system is standardized. 

Faster and easier information retrieval. 

24-hours information accessibility.

Linkages with other information system are very easy (e.g., radiology, 

laboratory). 

Time for information transfer tasks is minimized. 

Ease and support management decision making. 

Generates reports and graphics easily. 

Safeguards against violation of confidentiality. 

Minimum training requirements. 

2.3.8 EMR Risks 

Any information system has its advantages and disadvantages; EMR has certain risks 

and barriers. EMR has not replaced the paper record completely yet, especially in 

large complex care environments. Health information managers responsible for 

patient record system work to ensure that these systems meet multiple user needs. 

Furthermore, the use of secondary information from patient records are growing in 

type and number. Whether a paper or an electronic medium is used, the record is 

increasingly regarded as a holistic, longitudinal resource of clinical data for ongoing 

patient care. 
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However, automation of the patient medical records also means new risks such as: 

- Patient record integrity.

- User acceptance and expectations.

- Privacy, confidentiality, and data security.

2.3.8.1 Patient Record Integrity 

Patient record integrity calls for complete, accurate record components that reflect all 

patient services provided. As automation of the record grows, there are some risks 

that record completeness will be impaired by failure to capture clinical information 

from diverse departmental and individual personal computer based systems that 

maintain care information. Application may only meet the information content 

requirements spelled out by the historical licensing and accrediting organization. 

Additional information that tracks clinical indicators in greater detail may be 

maintained within the departmental or local application with only such data only 

provided to existing paper record systems to ensure that acknowledged guidelines are 

met. The risk is that key clinical information may be lost to overall record integrity. 

When specific policies are not coordinate effectively, record integrity is also at risk 

because the currency of clinical information may be impaired by non-standard 

methods of updating the patient record. 

Mandating critical data editing features is a constant challenge. Thus, the ability to 

trust that the clinical data are current relies on the technical communication and data 

integration and application architecture of the organization 

2.3.8.2 User Acceptance 

There is a risk that technology will not evolve fast enough to ensure efficient ease of 

use for direct interactive mode by practitioners. Computer applications are still 

viewed by the clinicians as limiting or not capable in meeting their every day needs. 

Effective implementation of computer system must involve and meet the needs of the 

clinical user. To convince users of adapting technology and overcoming their 

technical fears, the use of computers must not proceed to take more time than manual 

operations or be harder to learn and operate. 
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2.3.8.3 Privacy, Confidentiality, and Data Security 

There is a risk that technology will not evolve fast enough to ensure efficient ease of 

use for direct interactive mode by practitioners. Computer applications are still 

viewed by the clinicians as limiting or not capable in meeting their every day needs. 

Effective implementation of computer system must involve and meet the needs of the 

clinical user. To convince users of adapting technology and overcoming their 

technical fears, the use of computers must not proceed to take more time than manual 

operations or be harder to learn and operate. 

2.3.9 EMR and the World Wide Web 

The World Wide Web is one of the most important innovations in information 

management. It has the potential to transform the way information is stored and 

communicated in text format, images, or sound waves. Thus, the World Wide Web is 

an essential tool for EMR, in providing patients and doctors with online access to 

chronic disease information and directions for support. For example, the doctor can 

check his patient's EMR improvement by accessing the information available online. 

2.4 Examples of Medical Informatics and EMR Software 

In order to develop an EMR management system, the team had to explore and study a 

sample of the existing medical informatics systems and EMR management software 

in the m edical industry. The team focused on two systems: Cerner and Wipro. Cerner 

systems are starting to be implemented by King Faisal Specialist Hospital, Jeddah 

branch. Wipro systems have recently completed the implementation phase in Saudi 

German Hospital, Jeddah branch. 

This section of the report summarizes information collected on each system from the 

World Wide Web. Research on the two systems was done to complement the walk 

through on Wipro services offered to the team by SGH and to verify the information 

on Cerner provided to the team by KFSH. 

2.4.1 Cerner 

Cerner was developed in 1979, by Neal Patterson and Cliff Illig. These founders had a 

passion for integrating health care and technology which resulted in the development 
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of!! hospital management system. Cerner Corporation has been a leader in providing 

information management systems designed to improve healthcare. 

Cemer designs, develops, markets, installs, hosts and supports software information 

technology and content solutions for healthcare organizations and consumers. 

Its ground architecture enables healthcare providers to create an electronic medical 

record that captures all linear patient information and enables clients to go totally 

paperless. It helps to eliminate error and duplicate for better patient care. Cerner core 

technology is Cemer Millennium® one of the leading healthcare IT solutions around 

the world. 

In addition, Cemer offers a full suite of electronic medical record, practice 

management designed to provide everything needed to run a profitable physician 

practice. Cerner hosts the data for you, keeping it safe, secure and available to the 

appropriate people at the appropriate time. 

2.4.2 Quality Features 

Cemer promotes the development of healthcare information systems from both the 

organizational and technical aspects. 

The organizational features of Cerner which acquires a competitive advantage to a 

hospital include: 

- No need to build an interface for any new system, so system integration

will be easy

Reduce costs

Improve operating effectiveness

- Reduce medical errors

Reduce variances and improve the quality of

Transform the health care delivery system by increasing the quality of care

Technical features differentiating Cerner from other systems include: 
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- Accessibility Solutions

- Application Management Services

- Database Systems Management

- End-User Computing Solutions

- Enterprise Computing Solutions

- Enterprise Systems Management

- High Availability

- Maintenance and Support Services

- Operational Management Services

- Technical Services and Support

- Mobility

- Networking

2.4.3 Security 

Technology is critical to Cemer's success. This is why Cemer have chosen a Hewlett

Packard Development Company (HP) as a technology partner to support its 

development processes and offer them technical solutions. Platform requirement for 

Cerner is to have Oracle Database whether it is Oracle 8i and Oracle 9i which are the 

trademarks of the Oracle Corporation. Operating systems and network specifications 

can be customize depending on the client needs. Some of Cemer trademarks include: 

Cerner, Cemer Millennium, Millennium Objects and Cemer's logo. Nasdaq: CERN 

2.4.4 WIPRO 

Wipro, a company that initially dealt in hydrogenated cooking fats and consumer 

products, expanded into computer software under Azim Premji (the founder) and from 

a 1.5 million USD company, is now ranked among the top 100 technology companies 

globally with turnover exceeding 1.4 billion USD. 
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Wipro Technologies are the number one providers of integrated business, technology 

and process solutions on a global delivery platform. Wipro Technologies is a 

global services provider delivering technology-driven business solutions that meet the 

strategic objectives of our clients. Wipro has 38 'Centers of Excellence' that create 

solutions around specific needs for industries. 

Wipro delivers unmatched business value to customers through a combination of 

process excellence, quality frameworks and service delivery innovation. Wipro is the 

World's first CMMi Level 5 certified software services company and the first outside 

USA to receive the IEEE Software Process Award. 

2.4.5 Quick Facts 

- Wipro became the fust Indian IT Service Provider to be awarded Gold-Level

Status in Microsoft's Windows Embedded Partner Program

- First company outside the USA to receive IEEE award

- Wipro is the world's largest independent R&D house

- Worlds 1st PCMM Level 5 Software Company

- Worlds 1st IT Services Company to use Six Sigma

- The pioneers in applying Lean Manufacturing techniques to IT services

- World's first SEI CMM/CMMI Level 5 IT services company

- The first to get the BS15000 certification for its Global Command Centre

- Functional RFID Enabled Concept Store and Global Data Synchronization

Laboratory BS7799 and ISO 9000 certified

2.4.6 Services 

Wipro system health care Hospitals enhances patient expenence and improves 

management. The system has an automated data collection, analysis, alerting and 

reporting capabilities. It was faced with the challenges of selecting & implementing. 

Wipro system has an excellence data warehousing as well as for the Health care 

portability and accountability compliance service designed and implemented the 
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solution consisting of a clinical data warehouse with real time data capture and 

analysis to achieve the objectives. Wipro system has a unique solution helped the 

client to achieve faster time to market, enhance end customer satisfaction and allowed 

scalability as more and more hospitals get connected to network. 

2.4. 7 Security 

Wipro bas well defined and documented security policies, processes and guidelines in 

place for reasonable protection of information in all the stages of the information life 

cycle as well as for the offshore development centres. Senior management 

commitment for security, well documented processes, technological control along 

with the continuous user awareness initiatives, constitute some of the critical factors 

for Wipro's security program. 

Some of the domain areas which are reflected in Wipro's security policies are risk 

management, access control, legal compliance, offshore development centre security, 

virus prevention, asset management, business continuity management, and security 

incident management and user awareness, to only name a critical few. Most of these 

are considered critical for enabling a safe computing environment at Wipro. 

Industry standard access & authorization mechanisms for accessing critical 

applications are deployed to protect data in addition to advance controls such as 

encryption. Users are educated continuously on the various threat factors and ways 

and means to address the issues for safeguarding intellectual property of Wipro and its 

customers. Wipro establishes secure mode of wide area connectivity with its 

customers to fulfil business requirements of their customers. Wipro data is handled 

with utmost care including suitable backup mechanisms and fail safe storage in all 

Wipro locations. Various regulatory compliance aspects of Wipro's customers are 

given importance while designing specific customer based offshore development 

centre solutions. Customer project teams' back-up data on a periodic basis within 

their environment as per specific customer requirements and follow the plan as signed 

off in the business agreements with the customers. 

2.5 Database Management Systems 

A database management system, DBMS, is an information system that gives it users 

the ability to access to their data and process it into useful information. A more 

21 



formal definition of DBMS is given by Kednall and Kendall as the software that 

organizes data in a database providing information storage, organization, and retrieval 

capacities. (Kednall & Kednall, 2002). There are many commercial DBMS in the 

software market such as: dBase, Paradox, IMS, and Oracle. Such software allows 

users to create, update, and extract information from their databases. Compared to a 

manual filing syste� the biggest advantages to a computerized database system are 

speed, accuracy, and accessibility. 

2.5.1 Databases 

According to Kendall, a database is a central source of data meant to be shared by 

many users for a variety of applications. In today's business world, information is 

considered among a company's most valuable assets. A database collects the data in 

an organized understandable manner. Kendall and Kendall define five objectives for a 

database as follows: 

1. Ensure accessibility of shared data to all users so they can use it to

complete their business applications

2. Maintain reliable data that is accurate and consistent

3. Ensure availability of current and future data when ever it is required.

4. Allow a chance for data to evolve as user's needs grow

5. Allow users to customize their individual views of data without the

need to change or respect the data physical storage method

In addition, storing data in a database helps in the achievement of data integrity 

because shared data needs only to be stored once in one field. The appearance of data 

in one specific place accomplishes data changes more easily and reliably. Yet, 

database technologies still have some disadvantages such as all data being stored in 

one place. Storage of data in one place only increases data vulnerability to unexpected 

catastrophes; hence, data backup is essential. Furthermore, time and cost can be 

problematic issues with databases. Data managers spend considerable efforts in trying 

to constantly reduce the time of database construction and data iterance, also to reduce 

the cost of data storage and data integrity maintenance. 
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2.5.2 Data 

A database is a structured collection of data. Data represents the attributes of entities 

such as people, objects, and/or events. In general, a DBMS stores each data item in a 

certificate field. For example, name, date of birth, and postal code are each stored in a 

separate field. The name of a field usually reflects its contents. For instance, a 

patient's name field might be named PATIENT_NAME or P _NAME. With the 

variety of d atabase management systems, each has its own rules for naming data 

fields. 

2.5.2.1 Fields vs. Records 

In Oracle, the fields relating to a particular person, thing, or event are bundled 

together to form a single, complete unit of data, called a record (it can also be referred 

to as a row or an occurrence). Each record is made up of a number of fields. No two 

fields in a record can have the same field name. 

2.6 Oracle 

Oracle is a relational database management system used for securely storing large 

amounts of data in support of rapid application development approaches. Using 

structured query language, SQL, Oracle makes it easy to integrate the database 

building codes with the system interface, designed with Oracle Form Builder, and 

system outputs, designed with Oracle Report Builder. The team chose Oracle as their 

system building tool for two reasons. The first reason refers to the listed advantages in 

the advantageous features section. The second reason is team's familiarity with 

Oracle. All system users were capable of performing elementary system building 

applications in Oracle, even though their experience with it was limited. 

2.6.1 Advantageous Features 

Oracle offers many advantages in terms of creating, storing, securing and maintaining 

databases. In the About Oracle files accompanied with the software installation 

package, Oracle focuses on the following advantageous features: 

- Supports a Client/Server architecture which stores all databases in the server.
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- User s can access only the tables with their required information from the

server, without having to download the whole database to their workstations.

- Ability to handle simultaneous users accessing the same database.

- Offer online data backup capabilities and advanced user password security

management to leverage system security.

- Includes built in functions that assist programmers and make the coding

construction process easier.

The previous advantages were a partial reason why team members chose Oracle for 

system development. 

2.7 Oracle Form Builder 

Oracle Forms Developer is considered to be one of the most productive Rapid 

Application Development (RAD) environments for building information systems. 

Form Builder's system products are highly scalable with Internet database 

applications that allow for information decentralization for multinational companies. 

Oracle Forms Builder uses powerful declarative features for business developers. 

Theses features speed up the development of full functionality systems almost 

instantaneously form database definitions. System applications enable end users to 

retrieve, enter, modify, and save information in a database by typing information into 

custom designed screen forms. 

2.7.1 Features 

- Enable applications to function on the Internet.

- Produce efficient and effective applications that add business value.

- Speed up applications building.

- Use third-party tools and database servers

- Ease the integration of forms design with database commands.

2.7.2 Advantages 

Oracle Forms Builder promotes business to add their intake of data capacity as they 

grow, without the need of costly reprogramming. As costs rise, Oracle Forms Builder 

enables businesses to get the most out of the systems they pay for. In addition, high-
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performance applications of Oracle Forms Builder, promote efficient use of system 

resources and leads to minimizing the time end users spend waiting for system 

development time. 

2.8 Oracle Report Builder 

Oracle Report Builder is considered as powerful enterprise reporting tool especially 

for reports that retrieve, format, and distribute information stored in the database. 

Oracle Report Builder includes many easy to learn design objects that promote system 

builders to speed up system development projects. 

2.8.1 Functions 

- Produce high quality reports with Web publishing abilities.

- Enable users with unlimited data formatting throughout the enterprise and over the

lntemet.

- Meet user needs with an integrated business intelligence solution.

2.8.2 Features 

- Respond effectively to the rapidly changing information and business needs.

- Produce easy to learn and use applications.

- Develop and maintain system applications at reasonable cost.

- High-performance applications of Oracle Report Builder, promote efficient

use of system resources and leads to minimizing the time end users spend

waiting for system development time.

2.9 Microsoft Visio 

To benefit from the previously mentioned advantages of prototyping, the team created 

a variety of prototype interface screens. These screens were used as visual aids to get 

user feedback and gather comments and suggestions from medical and technical 

experts before the system implementation phase. The prototype screens were changes 

accordingly. Samples of the many prototyping versions are available in chapter 4 of 

the project. To develop the screens, the team used Microsoft Visio modelling tool. 

Microsoft Visio is a modelling tool that helps system developers make better 

decisions, build consensus, and speed up planning and review processes. The accurate 
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representation of Visio models gives and reflects a more professional impact on the 

prototyping audience. 

Visio modelling tools can be used to illustrate many project general phases and 

enterprise specific workflow diagrams and organizational charts. In the case of this 

system development project, various Visio tools were used to develop user interface 

prototypes screens to get users involved visually in the design and implementation 

phases of the project, for a better quality and more satisfying system product. 

2.10 Conclusion 

This literature review chapter summarized the research done in completion of the 

project. Team members had to conduct some research on project related subjects to 

acquaint themselves with unknown medical subjects and verify the system 

development procedures they used. Research subjects under the literature review are: 

Medical informatics, Electronic Medical records, and studies of existing EMR 

management systems such as Cerner and WIPRO. In addition, the research included 

several database related subjects such as: database management systems (Oracle), 

database systems design and construction tools (Oracle Forms Builder & Oracle 

Report Builder), and system prototyping tools (Microsoft Visio ). 



Chapter Three 

Automated Document Management Tracking 

System for King Faisal Specialist Hospital. 

3.1 Introduction 

This chapter includes a detailed explanation of the procedures; the project team went 

through to complete the implementation phase of the automated document tracking 

system for the medical records department of King Faisal Specialist Hospital. 

3.2 Problem Statement 

During the first phase of the project it was found that the medical records department 

(MRD) of King Faisal Specialist Hospital (KFSH) has been experiencing some 

problems involving medical charts loss and misplacement. These problems are mainly 

due to the manual handling of charts transfer from one department to another within 

the hospital grounds, or transfer of medical charts between the two branches of 

KFSH, in Jeddah and Riyadh. According to Mr. Emad Jamal, supervisor of the 

systems and development unit at KFSH, one of the hospital's main IT goals is to 

transform the administrative procedures and documentation to be fully automated. 

This long term goal is being attended to start with the Riyadh branch. Some divisions 

of the hospital have already adapted to automated procedures such as blood banking 

functions. However, the MRD in the Jeddah branch of the KFSH still has a long way 

to go to reach full automation. 

In the mean time, team members of this project attempted to find a fast solution to the 

medical chart misplacement problem, which does not require a full automation of the 

MRD functions and documentation. The automation needed is in tracking the medical 

charts while they are out of the MRD. Currently, the MRD has a function, in their 

chart requesting system, called Chart Requesting System. However this system barely 

prevents charts misplacement or retrieves these charts. 

Completion of this part of the project accommodates the need to improve and 

automate the tracking of medical charts throughout KFSH internal departments and 

outer branches, to eliminate the possibilities of chart loss or misplacement. If a chart 
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is misplaced, it can be retrieved easily using the automated tracking system and 

responsibility of misplacement can be limited to one requester. 

3.3 Objectives 

The document tracking system is needed in the MRD to keep track of each chart 

leaving to the requested department, and to reduce the number of misplaced charts, 

which exist on a daily basis as well as eliminating extra time and effort it takes the 

MRD filing personnel to find these misplaced charts. After studying the MRD 

problems, the team concluded that an Automated Document Tracking System would 

be the best solution for chart misplacement. Therefore, we developed a full design 

scheme to build such system. 

The system focuses on managing the procedures done on outpatient charts. Objectives 

of the suggested system are basically the elimination of outpatient charts 

misplacement and loss by better tracking of out going charts, which will lead to 

quality improvement and workflow of the MRD filing division. Following, is a list of 

objectives the team accommodated when developing the solution: 

1. Enable clinics to confirm receiving of charts through the system.

2. Control requesting processes to eliminate the request redundancy problem.

3. Alert features to inform clinics that their requests are being processed, thus,

eliminate the disturbance of check-up calls from clinics.

4. Automatically generate reports listing all chart requests per day from each

department. These reports allow the MRD to know which charts were not

picked up at the end of day, and their location. Thus, prevent clinics from

keeping charts if there is no valuable reason for them to keep it.

5. View tracking path for each chart.

6. Identify the ID of the requester of the chart.

7. System able to locate last place chart was checked in.
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8. Design an automated chart tracking system to provide electronic tracking

and path viewing of medical charts flow around the hospital's departments

or between geographically distant branches

9. Enable automated chart requests

10. Control chart request processes

a) Limit the number of requests to the same file by the same clinic to

eliminate requesting redundancy, which causes undesirable

distraction to MRD filing personnel.

b) Ability to identify exact requesters and their locations so they can be

held responsible for chart returns delay or content loss.

11. Enable medical records personnel to locate exactly the place of a requested

medical chart that is outside the MRD filing area, through electronic

tracking.

3.4 System's Development 

In phase one of this project, the objective for the tracking system was to perform all 

the activities of the system development process. As studied in the system analysis 

and design courses, we have learned the system development process consists of 

seven basic steps starting with problem definition and ending with evaluating the 

solution. To further explain the phases of the system development life cycle (SDLC) 

consist of the following (Kendall, Kendall, 2002): 

1. Identify problems, opportunities, objectives, and user Requirements

2. Determine information requirements and data Collection

3. Analysis of system's needs (System Analysis)

4. Design recommended system

5. Develop and document software/Programming

6. Testing and maintenance

7. Implementation and evaluation
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1. However, as work proceeded, the objective for the Automated

Document Tracking System changed because the project's team and 

supervisor shifted the emphasis of the project to alternative details. 

Therefore, methodology followed by the team to develop this system 

consisted of : 

1. Research to identify problems and opportunities

This stage was completed in the first phase of the project and was 

documented within the literature review of the first report (Al-Guthmi, 

Al-Shalhoub, Janbi, 2006) 

2. User requirements and data collection

This stage was completed in the first phase of the project, through multiple visits to 

KFSH systems and development supervisor and MRD management/staff. The 

information collected varied between detailed descriptions of the business functions 

of the MRD, the MRD's desired features and functions of the system, and the 

system's technical requirements from the systems and development department. 

3. System analysis

The MRD in KFSH currently use an information system to process medical records 

requesting and tracking procedures. However, it does not solve all the problems 

currently faced by the MRD. To develop a tracking solution system that covers all the 

problems, the team conducted thorough analysis on the current system used by the 

MRD. The team used several analysis methods such as: 

1. Short interviews

2. Modelling systems functions and departmental structure with data

flow diagrams.

All analysis materials are documented in the report of the first phase of 

the project. 

4. Design recommended system
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The design stage involved creating system screen forms using Microsoft Visio and the 

database schema. In addition, the logical data flow diagram from the first phase was 

converted to a physical DFD for design modelling. 

Completion of the design phase ended the team's work on the Automated Document 

Tracking System development, as far as the senior project goes. In agreement with the 

project supervisor, it was decided that the team will practice the rest of the phases, 

programming, testing and evaluating phases on another system which will be 

developed in completion for the senior project. 

3.4.1 System's Scope 

There are two types of medical charts in KFSH, in-patient charts and out-patient 

charts. Each type has its own set of policies and procedures that the MRD will 

perform on it. The MRD' function on each type of chart is explained in detail in the 

first phase report of this project. However, for the senior project purposes, the team 

has decided to avoid scope creeping by focusing on the out-patient charts only. Thus, 

the Automated Document Tracking System will be used to trace charts' locations 

within the hospital's clinics. Operation rooms and intensive/care wards will not be 

included as system entities. 

3.4.2 System's Requirements 

The medical records department's need for an Automated Document Tracking System 

came from a problem that slowed down the work flow and created gaps of unfinished 

procedures between the regular system functions. To verify the needs and problems of 

the MRD of KFSH, the project team conducted a number of visits with both the 

technical maintainers (Mr. Emad Jamal, Supervisor of systems and development) and 

the non technical managerial users (Ms. Zerina Tahreq, MR manager). User 

requirements and data were collected during these meetings, walk-through sessions 

were also held to get user feedback on design prototypes and verify system functions 

modelled in DFD diagrams. The team considered every need and requirement, 

discussed in the meetings, for the solution system design. 
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3.4.3 Problem Definition 

Detailed problem areas and suggested solutions are shown in the table below: 

Problem Solution 

Regulations of the joint committee 

prevent MR from duplicating any charts. 

For each patient there is one chart only. 

Thus, if two clinics request the chart 

simultaneously, the delivery to one of 

them will be delayed. This also creates a 

possibility of chart misplacement if they 

are not returned by clinics to the MR 

department. 

Delay and possible loss of chart content 

during remote sharing of medical charts 

between Jeddah and Riyadh hospital's 

branches because of manual chart transfer 

via DHL services. Furthermore, volumes 

of chart content may be split between the 
The Automated Document Tracking 

two branches, which higher the chances 
System insures that all out-charts are back 

of loosing pieces of patient medical 
in the filing area. If the chart is not 

information. 
returned the system is able to track where 

it's exact location, and identify the 

responsible department, clinic, and/or 

Possibility of chart content loss or chart 
personnel. 

misplacement 
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3.4.4 System's Analysis 

This section includes details about the analysis phase of the Automated Document 

Tracking System development life cycle. The team used a verity of system analysis 

tools ranging from detailed written English system descriptions, data flow diagrams to 

model system functions, and data dictionaries to provide definitions of data terms. 

3.4.4.1 Current Tracking System 

This system allows requesters and MRD personnel to view the current location and/or 

status of requested charts. If a clinic requests a chart that is unavailable in the MR, the 

tracking system shows the latest update made about the chart's new location on the 

user's screen. The tracking function is part of the IBM/main frame system that the 

MRD is using at the present time. Charts are checked in and out of the MRD by the 

barcode reader scanners. 

Each c linic is given a specific terminal name and password that enables that clinic's 

staff to access services of the IBM system. Clinic members can view the availability 

of requested charts in the MRD. If the requested chart is not in the MRD filing area, 

the system shows the name of the clinic the chart was checked out to, from MRD 

department. 

3.4.4.2 Chart Request Procedures 

In phase one, the project team's aim was to limit the project scope as much as 

possible to avoid scope creeping in the implementation phase. The first limitation 

attempt was the decision to focus on the MRD department. For further 

specification the team decided to focus on one type of medical charts only, out

patient charts. From the processes done on out-patients charts, the team decided to 

focus on the chart requesting and tracking system. 

There are two situations that enable an out-patient chart to be transferred out of 

the MRD to a clinical unit: 

I) Based on daily appointment list

2) Clinic request for walk-in patients or ER.
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Appointments are preset, as a function of the hospital's reception, which in turn 

send a daily appointment list to MRD in advance of the actual appointments. This 

enables the filing division clerks to prepare the required charts before hand. For 

walk-in and ER cases, clinics must request charts from MRD instantaneously. The 

out-patient chart request process operates as follows: 

I. The nurse or clerk of the requesting clinic, requests a chart through the

existing IBM/ main frame computer system.

2. Request card prints in MR.

3. Filing clerks find requested chart.

4. Chart barcode is scanned out to the requesting clinic in order to update the

computerized system whit the medical chart's new location.

5. MRD portals are sent with charts to requesting clinics to manually change

the physical location of requested chart.

6. MRD is entitled to 20 minutes delay, during which clinics are not

supposed to make check up calls on requested charts.

7. Towards end of working shift, portals go out to all clinics for chart

collection

8. Returned charts are scanned in to MRD and location of chart is updated on

the computerized system.

9. Charts then are physically returned to MRD filing area.

The following DFD model offers a clearer explanation of the current chart 

tracking and request procedures followed by the MRD and the hospital's clinics: 
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3.4.5 System's Design 

The Automated Document Tracking System employs the solution designed by the 

project's team to manage chart requests and minimize the chances of chart 

misplacement. Implementation of this system will cause some changes in the 

activities of the chart requesting process as follows: 

1. Clinic's nurse or clerk request chart through the new friendly interface

tracking system.

2. Clinic clerks can access the system by logging in with the clinic's name and

password.

3. Clinic clerk must submit his/her hospital ID and password to complete the

request process.

4. Request card prints in MRD

5. Clinic's clerk is notified that the chart request is in progress if the chart is in

the MRD filing area.

a. Filing clerks find requested chart

b. Chart barcode is scanned out to requesting clinic in order to update the

tracking system with chart's new location

c. Send portal with charts to requesting clinics to manually change the

physical location of requested chart

d. MRD is entitled to 20 minuets delay, during which the Automated

Document Tracking System will not allow clinic clerks to submit the

same request again.

6. If the requested chart is not in the MRD filing area, the Tracking System

notifies the requesting clerk of the current physical location of the requested

chart, and allows the requesting clerk to transfer the chart to his/her clinic.

7. Clinic clerk must confirm receiving of the requested chart to update the

location of the chart on the tracking system's database.
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8. Tracking system allows MRD filing personnel to print daily reports that

show the requesting clinics and the out-charts for each working shift. Thus,

instead of sending MRD portals to all clinics for chart collection, this report

will help them target only the required clinics.

9. Returned charts are scanned in to the MRD and location of chart is updated

on the computerized system.

10. Charts then are physically returned to the MRD filing area.

3.4.5.1 Database Schema 

This section models the entities and relationships between the tables in the system's 

database. The team used the UML modelling technique to illustrate the database 

schema. UML stands for Unified Modelling Language. There are several types of 

UML diagrams that can be used as modelling techniques to a system development 

project. For this project's purposes, the team used a UML class diagram, which 

models the entities of the system database and their logical and data relationships 

(Gehrke, Ramakrishnan, 2003). The team used the UML modelling techniques instead 

of the commonly used entity relationship diagram ERD modelling, because in 
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r must enter the MRN in the Search field then click the OK button for the search to 

the system finds the chart, the following information would be available: 

• Active vo lume number of the chart in the Active volume field.

• Name and code of the clinic or department the chart is in currently, in the Available in

field.

• Hospital branch in the Location field

• Date and time of chart check-in confirmation in its current location, in the Date of

check-in clinicffime of check-in clinic.

• If the chart is outside the MRD filing area, ID number of the physician the chart was

checked-out to from the MRD would appear in the Doctor_ ID field. If the chart is in the

MRD filing area, the Doctor_ ID field will be blank.

• lfthe chart is outside the MRD filing area, ID number of the first requester the chart was

checked-out to from the MRD would appear in the Nurse_ID field. If the chart is in the

MRD filing area, the Nurse_ID field will be blank.

The View Chart Path button allows MRD personnel to view the path of a checked-out chart 

around the hospital. When the user clicks on the View Chart Path button, a pop window appears 

with the path. The View Path button will be in ghost mode if the chart is in the filing area. 

Form 5: Daily Status Report 
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In phase two of the senior project, the team completed the following tasks in 

completion of the design of an automated tracking system for chart requests in the 

MRDofKFSH: 

- Development and modelling of database schema.

- Designing the interface of the system, including all the electronic forms and

screens.

- Modelling user dialogue

- Conducting walk-through sessions of the system models with MR personnel

to verify work flow and user requirements.

Should KFSH medical records department be implementing a graphical user interface 

system to replace their current main frame system, workflow and chart tracking 

problems will be saved. Team members are aware of the difficulties and resistance the 

implementation of such a system can bring, still, the team highly recommends that 

KFSH adopts this solution. 
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Chapter Four 

Electronic Medical Record Management System -

Auto Record 

4.1 Introduction 

The goal of the development of Auto Record, an EMR management system, is to 

transfer paper based medical records to electronic medical records. This will lead to 

the automation of all information processing associated with medical records, as 

perfonned by various hospital clinical and administrative employees. 

4.2 Objectives 

The medical records problem in King Faisal Specialist Hospital situation required a 

temporary solution, as the medical records department needed an automated tracking 

system to avoid loss of medical records while waiting for the installation of Cemer, 

the fully automated hospital management system that will eliminate all their 

problems. Cerner will implement the EMR technology and KFSH will gain all the 

advantages that come with it. Thus, the team decided to further their system building 

experience in developing a similar system to generally automate medical records in 

any hospital. Objectives for this development follow from the previously mentioned 

objectives in chapters 1 and 3. The following list of objectives is more specific for the 

development of an EMR management system: 

1. Automate paper-based medical records

2. Automate work flow procedures of medical records applications

3. Facilitate simultaneous viewing of a medical record by various specialty

physicians according to patient's treatment needs

4. Enable branches of the same hospital in distant geographical locations to

exchange records easily and eliminate receive-delay time

5. Enable physicians to enter and update medical data in their patient's

records from their office computers
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6. Enable physicians to request lab tests and x-rays electronically.

7. Enable labs and radiology units to electronically upload x-rays and test

results to patient files, physicians are then able to view lab results and x

rays from their office computers

8. Enable electronic communication of prescription to pharmacy system

9. Integration of hospital information systems (labs, radiology, pharmacy,

patient registration, and medical records.)

4.3 System's Development Approaches 

According to Kendall, system development is the accepted approach for analyzing, 

designing, implementing, testing, maintaining, and evaluating an information system 

(Kendall, 2002). There are three approaches to developing information systems: The 

System Development Life Cycle approach, SDLC, the Rapid Prototyping approach, 

and the End User approach. Choosing the most suitable development approach 

depends on the needed amount of data, data sources, the number and level of users, 

and the amount of anticipated use. The choice also depends on the development 

project's time, financial, human, and machine resources. In this section, the authors 

provide a brief explanation of the steps to be performed in each development 

approach. For the development of Auto Record, the team followed the SDLC 

approach. Thus, this section focuses on detailed aspects of the SDLC. 

4.3.1 Rapid Prototyping Approach 

In his book, Management Information Systems, Laudon identifies four basic steps to 

the prototyping approach (Laudon, 2004). 

1. Identification of user requirements.

2. Quick development of an initial working prototype.

3. Encouragement of potential system users to use the initial prototype in

order to test if the system meets user requirements.

4. Gathering all users change suggestions and feedback to enhance and

revise the prototype.
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The team used the prototyping approach for designing user interface screens as 

described in section 4.6.4 During which they experienced the main advantage of 

involving system users in the system development process. The prototyping approach 

included many design iterations to accommodate change suggestions and verify user 

requirements. Design changes were easy to make on the prototypes, as the design was 

more flexible to change during the prototype phase. Changes would not have been as 

easy to implement if feedback form users as given after construction was completed 

4.3.2 End User Approach 

Laudon defines this approach as the development of information systems by end users 

with little or no formal assistance from technical specialists. (Laudon, 2004 ). End user 

development usually requires minimal technical specialist's assistance. 

The major advantage of end user development is involvement of the person who 

requested the services for the developing system, in the design and building phases. 

This assures attainment of all user requirements in the final product. 

However, system development professionals have many concerns about the end user 

development approach. The main concern is the limit of end user technical expertise 

which may lead them to choose inappropriate software environments as development 

tools for their systems. In addition, limited technical experience may cause end users 

to have a large amount of errors during the construction phase. 

The end user approach is a powerful tool in many business industries such as 

accounting and finance. However, for the development of an EMR management 

system, the end user approach is not well suited. 

4.3.3 SDLC Approach 

Definition of the System Development Life Cycle by Kendall, can be referenced in 

section 3.3 Following Kendall's definition, the authors define following seven stages 

ofSDLC: 

1. Requirement Analysis

2. Data Collection

3. Systems Analysis
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4. System Design

5. Programming 

6. Testing

7. Evaluation

In development of an Electronic Medical Records system, Auto Record, the team 

applied each stage of SDLC. Sections 4.4 - 4.10 describe the application of each stage 

in detail. 

4.4 Requirement Analysis 

A system development project usually starts with some combination of problems, 

opportunities, and directives from the user community and ends with a working 

business solution for the user community. For this project, the development of Auto 

Record started with some medical records management problems in KFSH, these 

problems uncovered opportunities of increased work flow efficiency. Thus, the result 

of this project was a complete EMR management system which solves the problems 

at KFSH and acquire new opportunities. The problems were explained in chapter 

three and the opportunities followed from the objectives explained in the beginning of 

this chapter. 

Requirement analysis involves approaching system users to verify their needs from 

the developing system. In such discussions, system analysts, the role played by the 

project team, must be careful to avoid discussing any technology or technical 

implementation issues. The team took this into consideration when verifying Auto 

Record function requirements with medical personnel. Such as in the system walk 

through session with Dr. Afaf Zaki, described in section 4.6.4. 

Requirement Analysis is considered to be the most important phase of system 

development. Failure to achieve requirements correctly will result in user 

dissatisfaction with the final system and costly modifications in time and money. 

Therefore, the Requirement Analysis phase should never be skipped or short-changed. 

In fact, system designers and builders are dependent on competent system analysts to 

work with users to define and document complete and accurate business requirements 

before applying any technology. 
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/n respect to the previous Requirement Analysis guidelines, the team conducted many 

wification walk-through sessions as described in section 4.6.4. Team members 

interchanged between their roles as system analysts, builders, designers and users. Dr. 

Am. Abu Zied, the project supervisor took the role of an team-external system user, 

offering considerable suggestions and valuable feedback. In fact, the team did not 

start applying any technology before the system requirements were verified with the 

project supervisor. 

4.5 Data Collection 

Every existing system has its own terminology, history, and culture. Leaming these 

aspects of the system is an important goal in this phase. This goal was achieved 

through data collection. Medical terminology and the history and culture of medical 

informatic s were data collection factors. The approaches of collection and categories 

of data are described in detail in the following section 

The data collection process for Auto Records was complex and time consuming. Data 

collected can be divided to five categories: medical personnel system requirements, 

existing systems studies, data standardization samples, medical diagnosis ICD-9 

coding data, and medication data. The following sections explain the team's approach 

of collecting each category of data. 

4.5.1 Medical Personnel System Requirements 

Requirements were collected through meetings and short interviews with MR 

managers and staff, physicians, hospital receptionists, and nurses. General system 

medical personnel requirements included ease of system use, and minimal training 

requirements. Other specific requirements are summarized in chapter 3. 

The approa ch followed to collect this data, included preparing meeting minutes to 

direct meeting discussion points. After the meetings, the team conducted meeting 

review documents such as the following sample shows: 
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Meeting Review 

(SGH MR vs. Effat team) March l 

I. Recently Saudi German Hospital has implemented a fully paperless
information system to handle the functions of the Medical Record. They
purchased the WIPRO system in 2000, and took six years to complete the full
customiz.ation, training and implementation phases.

2. WIPRO eliminates the need of physical paper-based records by providing an
electronic patient medical record.

3. To transform the records to electronic files, Medical Record has scanned all
the pre-existing forms using WIPRO scanning applications to archive the
historical information of the record. The new information and any newly created
records will be entered in the WIPRO Database electronically by physicians. The
WIPRO screen has been customized to have all the fields of information that
used to be on the paper forms. Physicians now can type in the information in the
electronic form instead.

4. As for the physical records, the Medical Records department decided to get
red of all the physical files. We are not sure that this is a good idea, based on our
research of MR electronic records; it is always advised to keep a hard copy of
record in case ofIT accidents. When we asked the MR manage about their data
backup methods, he said that they depend on their backup servers.

5. The need for buying WIPRO was a hire management decision; the MR did not
request it as in the case of KFSH.

6. WIPRO benefits:
• Enable electronic interchange of medical records between the different
branches of hospitals sin different geographical locations.
• Eliminate the need of physical storage

7. System maintenance is to be done internally be the hospital's IT department.

8. Training for system users was done over a six months period by hospital's IT
members and WIPRO representatives.

Figure 4.1: Meeting Review Sample 

4.5.2 Existing System Studies 

The team explored existing Medical Record Management and general Medical 

Infonnation systems, via walk through sessions. The main system of study was 

WIPRO, which is the medical records management system used by the Saudi German 

Hospital. Ms. Heba Ajaj, an IT personnel member in SGH very kindly arranged an 

introduction meeting with the head of the medical records department of SGH, Mr. 

Shafiq VI-Rahman. This was an exceptional informative meeting as the applications 

of WIPRO were demonstrated to the team in a live demo, as well as answering all the 

team's following questions. This walk through encouraged team members with 

development ideas and implementation thereof. Screen shots of WIPRO would have 

been the ideal way to document the gains of this data collection approach. However, 
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for security reasons and respecting SGH management decisions, the team was not 

able to collect screen shots. Alternatively, the team used WIPRO website as a 

reference to document the information, as included in chapter 2. 

In addition, the team explored the existing medical record management system used 

in King Faisal Specialist Hospital via walk-through session offered by various 

medical record department personnel. This walk through resulted in the system 

requirements list included in chapter 3. In addition, the walk through notified team 

members of system development issues to be avoided, such as inaccurate application 

naming and application-action mismatch. This example refers to the application name 

Tracking System in the KFSH system, the action oft this application does not follow 

its name as explained in chapter 3. Thus, the team paid an extra effort to verify the 

names and actions of the application in their developing system. Screen shots of the 

system were collected and are available in Appendix A 

4.5.3 Data Standardization Samples 

Selection of appropriate data fields in a medical record are based on scientific 

research by medical professionals. To ensure accuracy and correctness the team 

studied medical forms samples to guide selection of data fields to include in Auto 

Records forms. To collect this data, two approaches were followed. The first 

approach was to research the WHO Medical Records Manual for form samples, which 

guided the team in designing forms for Auto Record. The second approach was to 

collect form samples from local hospitals and clinics in Jeddah. 

Form samples from the WHO Medical Records Manual included Investigation 

Request Forms (Figure 4.2). As well as the Outpatient Identification Sheet and data 

field requirements (Figure 4.3). 

Form samples collected from local hospitals and clinics include: 

- Patient Information Sheet from SGH (Figure 4.4)

- Patient Registration Form from JCH (Figure 4.5)

58 



















4.6 System's Analysis 

A system development project usually starts with some combination of problems, 

opportunities, and directives from the user community and ends with a working 

business solution for the user community. Systems Analysis is that problem, which 

the organization will try or solve with an information system (Laudon, 2004). For this 

project, the development of Auto Record started with some medical records 

management problems in KFSH, these problems uncovered opportunities for 

increased work flow efficiency. Thus, the result of this project was a complete EMR 

management system which solves the problems at KFSH and acquire the new 

opportunities. The problems were explained in chapter three and the opportunities 

follow from the objectives explained in the beginning of this chapter. 

Systems Analysis of Auto Record development consisted of four tasks: scope 

definition, problem analysis, system definition and system modelling. 

4.6.1 Scope Definition 

There are two purposes to scope definition. First, it verifies the significance of the 

problems the system to be developed to solve this, and opportunities it will achieve. 

Secondly, scope definition establishes the size and boundaries of the project, the 

project vision, any constraints or limitations, the required project participants, and 

finally, the budget and schedule. The significance of developing Auto Record was 

verified through live case studies and scientific research. Development boundaries 

limit Auto Records functions to outpatient medical records, and exclude 

pharmaceutical, laboratory and radiology information systems abilities. 

The outcome of the scope definition phase is the Problem Statement. This statement 

categorizes problems, opportunities, directives, and constraints; it performs as an 

initial vision to the suggested solution. A detailed problem statement of this project 

was provided in the introduction chapter 1. A specific problem statement for Auto 

Records can be found in the introduction section of this chapter. 

Another deliverable of the scope definition phase is the Statement of Work. This is a 

contract or agreement to develop information system. It consolidates the problem 

statement, scope definition, and schedule and budget for all parties who will be 

involved. In the case of Auto Record, the Statement of Work agreement is between 
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the project team members and the project supervisor. Below is an illustration of an 

initial work statement of Auto Record. 

Statement of work for a 
Fully Automated Medical Records System 

I. Purpose of system
Transform the medical records handling of a hospital to paperless operations
with fully automated applications.

II. Background
a. Problem Statement
Automate patients' medical records and transform all their manual applications to
computer based processes.
b. System Functions and Objectives
, Transformation of all the paper based forms in the medical records to electronic

files.
, Eliminate the need of physical (hard-copy) medical records
, Facilitate simultaneous viewing of a medical record by various specialty
physicians according to patient's treatment needs.
, Enable branches of the same hospital in distant geographical locations to
exchange records easily and eliminate receiving delay time.
, Enable physicians to enter and update medical data in their patient's records
from their office computers.
, Enable physicians to request lab tests and x-rays electronically.
, Enable labs and radiology to electronically upload x-rays and test results to
patient files, physicians are then able to view lab results and x-rays from their
office computers.
, Enable electronic communication of prescription from the physician to
pharmacy. 

Ill. System Development Approach 
a. Methodology
1. Data collection
a. gather information about the data forms which should be included in the
content of a medical record by researching the internet
b. check regulations of the Saudi ministry of health, and comparing the file
content of the medical records in three major hospitals and a number of specialty
clinics in Jeddah. 
2. System modelling: develop UML, DFD, and ERO to visually define system
functions and development process
3. Physical implementation: design and build database for system using Oracle
DBMS. Also design and build interface of system using Form Builder.
4. Testing and Correctness: enter actual data in the system to check that all
applications are operating correctly and all system objectives are satisfied. In
addition, check system's
b. Deliverables 
1. Operating information system for a medical records department in any hospital
2. Detailed documentation that describes stages of system development
processes. 

Figure 4.11: Statement of Work 
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4.6.2 Problem Analysis 

The problem analysis phase studies the existing system and analyzes the findings to 

provide the project team with a more thorough understanding of the problems that 

triggered the project. 

Objectives are the deliverable of Problem Analysis. Objectives define the system's 

additional and improved functionality that will enhance the general business flow. 

Objectives of this project are defined in chapter 1. Specific objectives for the 

development of Auto Record are detailed in section 4.2 of this chapter. 

4.6.3 System's Definition 

As previously defined, Auto Record is a genenc electronic medical records  

management system that can be implemented in any hospital. It automates paper

based medical records and all the medical and administrative procedures associated 

with it. 

Defining the developing system is an essential part the System Analysis phase. 

System Definition also includes identifying the system's components such as users, 

functions, and outputs. 

For Auto Record, the system components are defined as follows: 

4.6.3.1 Users 

Users of Auto Records are categorized in five general groups according to the logical 

modules of the system design. Detailed information about the modules is available in 

the System Design section of this chapter. The five user groups are: 

1. Receptionists

2. Nurses

3. D octors

4. Medical Records Department administration

5. IT department personnel
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4.6.3.2 Function 

Following the systematic definition of Auto Record, the team designed it to perform 

the following functions: 

I. Transfer paper-based medical records to EMR.

2. Search engines to query patient information, appointment lists, and medical

follow-ups.

3. Controlled simultaneous viewing of patient medical records.

4. Electronic storing and retrieval of diagnosis and illness coding that follow the

ICD9.

5. Electronic investigation requests from laboratory and radiology units.

6. Electronic medical reports requests.

7. Statistical reporting.

8. Electronic prescription.

9. Electronic patient registration and appointment setting.

IO. Integration of hospital information systems (labs, radiology, pharmacy, patient 

registration, and medical records.) 

4.6.3.3 Output 

Output is any information delivered to users through the information system by 

electronic means such as networks and display screens, or in paper form reports. 

(Kendall, 2002). Auto Record has two types of outputs to demonstrate both delivery 

methods. 

The first output is electronic request forms on display screens. After filling in all the 

requested data fields on the electronic form, requests are submitted to the other 

information systems of the hospital, in order to process a medical request. The three 

output request forms are: 
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I. Lab Investigation Request: to be filled out by doctor then sent to the laboratory

unit infonnation system.

2. Radiology Investigation Request: to be filled out by doctor then sent to the

radiology unit information system.

3. Prescription: to be filled out by doctor then sent to the Pharmacy inventory

system.

rhe second output type includes print-out reports, both medical and statistical as 

follows: 

I. Sick Leave Report: to be filled out and printed by doctor then given to patient

upon MRD verification.

2. Medical Report: includes all patients' medical information from the

beginning of his/her registration until the report request date. This report is

printed by MRD personnel and delivered as a paper-form to patients.

3. Clinical Report: includes patient's medical information in a specific clinic,

from the beginning of his/her registration until the report request date. This

report is requested by the doctor, printed by MRD personnel, and delivered

as a paper-form to patients.

Detailed information about Auto Record requests and reports are available in the Auto 

Records Screens section of this chapter. 

4.6.4 System Modeling 

The purpose of the system modelling phase is to translate business requirements into 

system models, likewise, translate previous system documentation to representative 

pictures. 

The team used two modelling tools to illustrate the processes and interface of Auto 

Record. The first modelling tool is the Data Flow Diagram, used to model the 

system's components, processes, and the type and paths of dataflow between them 

(Figure 4.12). Furthermore, the DFD was followed by a data dictionary to define 

components of the diagram to the viewers. 
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.5 Screen Prototypes and user Feedback 

ream conducted a study on the types and structures of medical information 

ems implemented in local hospitals. The study population included a variety of 

samples. It included the extremely simple custom made patient accounting 

information system in Heba Clinic, the highly advanced fully automated system of 

Riral Clinic, the accurate manual medical records management system of Jeddah 

Clinic Hospital, and finally the faulty medical records management system of King 

Faisal Specialist Hospital. In addition to the study, the team explored the features of 

many hospital management systems including Cerner and WIPRO and others 

referenced in the report of phase me. 

After the previous information gathering phases, the team went on to designing user 

interface prototypes using Microsoft Visio. The prototyping tasks involved walk

lhrough iterations over the screen print-outs, with medical and technical professionals. 

feedback from each iteration were noted and required changes were implemented on 

!he prototype screens accordingly. Viewers of the walk-through sessions included: 

I. Dr. Aua Abu Zied I Project Supervisor: feedback concerned the academic and

theory application requirements to complete the system project. Dr Azza also

performed the role of a system user and gave feedback accordingly, as described

in the user requirements section 4.4.

2. Dr. Afaf Zaki I Effat College: feedback concerned medical terminology and

medical functions verification.

3. Ms. Heba Ajaj & Ms. Tamara Batterjee/ IT specialists in SGH: feedback

concerning hospital's capabilities to implement the suggested system, pointing out

of common technical error possibilities, and user-friendly issues.

4. Mr.Ghazi Hattab/ Executive Manager of Al Morooj Computer Machine: feedback

concerned possible system's technical capabilities, software and hardware

considerations, and system setup issues.

5. Nurses Sample /group of nurses from vanous clinics at KFSH: feedback

concerned medical terminology and nurse functions verification.
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When building the forms in Oracle Form Builder in the implementation phase, team

members had to make a number oh changes to the interface prototypes to

accommodate the Oracle's design capabilities. Visio is a modelling tool with decision

upport illus trations; it is more flexible and has more design capabilities than Oracle

fonn Developer. However, Form Developer easily integrates the SQL databases into

the interface design.

The changes made on the [Medical Records] forms when designed in Oracle Form

Builder included:

I. Changing name of the main form [Medical Procedures] to [Medical Records]

2. Implementation of TABS design technique to avoid user multi transfer

between windows and reduce window-loading time. Thus, instead of six forms

initializing from one main window, as shown in the Visio illustrations above,

the medical record became a single form with multiple tabs:

1) [Patient Information]

2) [Medical History]

3) [Diagnosis]

4) [Prescription]

5) [Follow-Up]

6) [Transfer]

7) [Investigations]

8) [Reports]

The t abs accommodate all the information-processing applications a doctor may 

perform on a patient's medical record inside the clinic. 

1. Alignment and positions of data fields

2. Addition of some data fields, for example the addition of Vital Signs fields

and ICD-9 categories in the [Diagnosis] form.
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7 System's Design 

section describes the design phase of development of the EMR management 

em. The design stage of Auto Record can be divided into three phases: designing 

database schema, designing the logical modules of Auto Records, and then designing 

the user interface screens. This section offers a detailed description of each phase. 

4.7.J Database Schema 

After gathering the data requirements, data sources, and identifying the user 

applications and system functions that will consider this data, designing the database 

schema will be the next phase of the system development project. A database schema 

is the plan for identifying all the required data entities, the organization of data, where 

it will be stored, how will it be retrieved and what the relationships between specific 

data entities are. Designing databases involves two phases the logical or conceptual 

design and the physical design. The database schema defines the conceptual phase 

and perfonns as a blueprint for the physical design phase. 

fo build the database schema for Auto Record started with identifying the data 

entities in tables, then modelled the relationships between them in entity relationship 

diagrams. Thus, defining the system's parameters and master files. This schema was 

followed as a guide to building the physical database in SQL+ 

4.7.1.1 Tables 

The database schema of Auto-Record contains 30 tables. Each table has a primary key 

that contains a unique value which cannot be duplicated. Of the 33 tables, some of 

them are considered Master tables, which indicates that other tables in the database 

are dependent on them to get certain data values 

Each one of the dependent tables has a unique pnmary key to identify the 

individuality of each one, and a foreign key that is linked to a primary key in another 

table to establish a relation between the two tables. Foreign keys of dependent tables 

refer to the primary keys of Master Tables. 

Following, is a detailed description of the design schema of ach table, tables are listed 

according to alphabetical order: 
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Blood Types Table

Thi table stores the different blood type groups. It is used to record each blood type

name with its distinguishing character whether it is positive or negative.

Thi t able contain many fields which are the blood type ID and its scientific name.

This i the creation command used to build this table in SQL *plus:

CREAT TABLE Blood_Types

(Blood_ID VARCHAR2 (2) PRIMARY KEY,

Blood_Name V ARCHAR2 (6)); 

Categories Tables

This table stores all ICD9 coding categories. It divides these codes into well-known

categories depending on there medical usage. This table stores just the category ID

and the 

\ame of the category.

This is the creation command used to build this table in SQL *plus

CREA T TABLE Categories

(Category_ID VARCHAR2 (2) PRIMARY KEY,

Category_Name VARCHAR2 (30));

3. Cites Table

This table keeps information about different cities and their country. It is used to

record in each country its cities. So each country can have more than one city, but

each city commit to one country. There is a relation between this table and the

countries table to organize the data and save the cities correctly to each country which

is the country ID. It is a primary key in the countries table, but it is a foreign key in

the cities table to link the tables.

This i s the creation command used to build this table in SQL *plus:

CREATE TABLE Cites

(City _ID V ARCHAR2 (2), 

City_ Name V ARCHAR2 (30),

Country _ID V ARCHAR2 (2), 

PRIMARY KEY (City _ID ),

FOREIGN KEY (Country_ID) REFERENCES Countries);

84 



4, Clinics Table

Thi table keeps information about each clinic in the hospital. It is used to record

different clinic names and description to identify them. This table contain many fields

such clinic ID and

Its name with a brief description of what is this clinic if it is abbreviated.

This is the creat ion command used to build this table in SQL *plus:

CREATE TABLE Clinics

(Clini c_ID 

Clinic _Name 

VARCHAR2 (2) PRIMARY KEY,

V ARCHAR2 (30),

Clinic Description VARCHAR2 (30));

5. Countries Table

This table stores information about countries and the nationality for each country. It is

used to record users and patients' nationalities, as well as specify the hospital location

and its other branches if there is any. This table contain many fields which are the

country ID and its name, also the nationality for this country. This is the creation

command used to build this table in SQL *plus:

CREATE TABLE Countries

(Country JD V ARCHAR2 (2) PRIMARY KEY,

Country _Name V ARCHAR2 (30), 

Nationality V ARCHAR2 (30));

6. Departments Table

This table keeps information about the different departments in the hospital. It is used

to record departments' names and description clearly.

This table contain many fields which are department ID and its name.

Tlus is the creation command used to build this table in SQL *plus:

CREATE TABLE Departments

(Dept_ID VARCHAR2 (2) PRIMARY KEY,

Dept_Name V ARCHAR2 (30)); 
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Thi table keeps information about the different departments in the hospital. It is used

record departments' names and description clearly.

Thi table contain many fields which are department ID and its name.

This is the creation command used to build this table in SQL *plus:

CREATE TABLE Departments

(Dept_ID V ARCHAR2 (2) PRIMARY KEY,

Dept_Name VARCHAR2 (30));

8. Diagnosis Table

Thi table stores the patients' situation ad diagnosis filled by the doctor.

It contains the patient number to link the data to the patient table, the reason for the

visit. the symptoms, the diagnosis, and progress notes.

It contains also information about the doctor, clinic, and the patient so it could be

linked to there table and saved each diagnosis to specified patient using the MRN.

This is the creation command used to build this table in SQL *plus:

CREATE TABLE Diagnosis

(MRN VARCHAR2 (15),

Date DATE, 

Clinic_ID VARCHAR2 (2), 

User ID V ARCHAR2 (15),

Diagnosis_ID V ARCHAR2 (15),

Diagnosis_desc VARCHAR2 (5000),

Code ID V ARCHAR2 (2), 

Reason for visit VARCHAR2 (5000),

Additional_Prog_Notes VARCHAR2 (5000),

PRIMARY KEY (Diagnosis_ID, MRN, User_ID),

FOREIGN KEY (MRN, User_ID, Clinic_ID, Code_ID)

REFERENCES New_Patient, Users, Clinics, ICD9); 

Drug_Route Table

This table keeps information about each drug route for the available drugs the

hospital's pharmacy stock using it. It is used to record drugs route names and

description like an instruction for applying it. This table contain certain fields which

are route ID and its name with a description of usage.

This is the creation command used to build this table in SQL *plus:
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CREA TT ABLE Drug_Route

(Route_ID VARCHAR2 (2) PRIMARY KEY,

Route_Name VARCHAR2 (30), 

Description VARCHAR2 (30)); 

Drugs Table 

Thi table keeps information about each drug available I the hospital's pharmacy

stock. It is used to record drugs names and description for its scientific name, the drug

quantity and its applying route. This table contain many fields which are drug ID and

its name with a description for its scientific name and route for taking it and the

a1ailable 
stock 

This is the creation command used to build this table in SQL *plus:

CREATE TABLE Drugs

(drug_ID VARCHAR2 (2) PRIMARY KEY,

drug_Name V ARCHAR2 (30), 

drug_Description V ARCHAR2 (30), 

Quantity NUMBER (3) 

Route_ID V ARCHAR2 (2)); 

!CD9Table

quantity.

This table stores all ICD9 codes. It shows these codes classified into different

categories depending on the categories table clearly.

This table stores all of the codes and their types like, category ID to make the relation

to attach each code to its category, the code ID, the code name, and its description

which has some symptoms and diagnosis.

This is the creation command used to build this table in SQL *plus:

CREAT TABLE ICD9 

(Code_ID V ARCHAR2 (2), 

Code Name V ARCHAR2 (30), 

Code_Description VARCHAR2 (30), 

Category _ID V ARCHAR2 (2), 

PRIMARY KEY (Code_ID),

FOREIGN KEY (Category_ID) REFERENCES Categories);
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fnnstigation Table

table responsible for setting a request for laboratory investigation.

contains patient MRN, date and time, the clinic and doctor, the needed tests

depending on there types or categories, and a number for this request.

is the creation command used to build this table in SQL *plus:

CREA TE TABLE Lab_ Investigation

(MRN V ARCHAR2 ( 15), 

Clinic_ID V ARCHAR2 (2), 

User_ID V ARCHAR2 (15), 

INV_Nature V ARCHAR2 (1), 

Lab_ Types_ID V ARCHAR2 (2), 

Lab_ Test_ID V ARCHAR2 (2), 

Lab Number V ARCHAR2 (15), 

Time V ARCHAR2 (15),

Date DATE, 

PRIMARY KEY (Lab_Number, MRN),

FOREIGN KEY (MRN, Age, Gender, User_ID, Clinic_lD,

Lab_Types_ID, Lab_Test_ID) REFERENCES New_Patient,

Users, Clinics, Lab_Types, Lab_Test_Types);

Lab_ Test_ Types Table

This table stores all the laboratory tests. I t  stores all kinds of tests depending on their

type from the previous table to simplify investigation request process different users.

This table contain these fields type ID and it's used to link types table with its test in

this table, also the test ID and its name.

This is the creation command used to build this table in SQL *plus:

CREAT TABLE Lab_Test_Types

(Lab_Test_ID V ARCHAR2 (2) PRIMARY KEY,

Lab Tes Name 

Lab_ Types _ID 

V ARCHAR2 (30), 

VARCHAR2 (2)); 

88 



table stores the different laboratory categories or types used in investigations. It 

used to classify the tests into categories which clarify the content for the users. 

table contain two fields type ID and its type name. 

1 the creation command used to build this table in SQL *plus: 

CREAT TABLE Lab_ Types 

(Lab_Types_ID VARCHAR2 (2) PRIMARY KEY, 

Lab_Types_Name VARCHAR2 (30)); 

Languages Table 

This table keep variety of languages in its database. It is used to record each language 

11ith a unique number to identify it from other languages. 

This table contain two fields are the blood type ID and its scientific name. 

This is the creation command used to build this table in SQL *plus: 

CREAT TABLE Languages 

(Languages_ ID 

Languages_Narne 

.',fake Appointment Table

VARCHAR2 (2) PRIMARY KEY, 

V ARCHAR2 (30)); 

This table responsible for setting appointments for patients to their desired doctor . 

It contains patient MRN, the appointment date and time, the clinic and doctor needed. 

This is the creation command used to build this table in SQL *plus: 

CREATE TABLE Make_Appointment 
(MRN V ARCHAR2 (15), 
Date DATE, 
Clinic ID V ARCHAR2 (2), 
User ID V ARCHAR2 (15), 
Time VARCHAR2 (15), 
PRIMARY KEY (MRN, Clinic_ID, User_ID), 
FOREIGN KEY (MRN, User_ID, Clinic_ID) REFERENCES 

New_Patient, Users, Clinics); 

Medical-History Table

This table is storing the general medical history for every new patient. 

It contains the patient number to link the data to the patient table, the first complaints 
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vi iting the doctor. Also information about different chronic diseases and allergies

there is any. All these information for the patient own benefit to be considered in 

ent cases and emergencies.

is the creation command used to build this table in SQL *plus: 

CREATE TABLE Medical-History

(MRN VARCHAR2 (15) PRIMARY KEY,

Complaints VARCHAR2 (15), 

Chronic_ DiseasesO

Chronic _Diseases 1

Chronic _Diseases2

Chronic _Diseases3

Chronic _Diseases 4

Chronic_ Diseases 5

Chronic _Diseases6

Chronic_ Diseases?

Chronic_ Diseases 8

Chronic _Diseases 9

Allergy I

Allergy2 

Allergy3 

Allergy4 

Allergy5 

Others 

New Patient Table

V ARCHAR2 (1 ),

VARCHAR2 (1), 

VARCHAR2 (1), 

VARCHAR2 (1),

V ARCHAR2 (1 ),

V ARCHAR2 (1 ), 

V ARCHAR2 (1 ), 

V ARCHAR2 (1 ), 

VARCHAR2 (1), 

VARCHAR2 (1),

V ARCHAR2 (1 ),

VARCHAR2 (1),

V ARCHAR2 (1 ),

VARCHAR2 (1),

VARCHAR2 (1), 

VARCHAR2 (15));

This table stores the patients' information and keep a record for each one of them.

It contains the basic general, personal, and educational information. First of all it 

generates MRN which is Medical Record Number to each new patient to uniquely

identify any patient from the other. It records for lots of information for each patient

such as the first name , fathers name, grandfather name, the last name or family name,

the patient mother's first name , fathers name, grandfather name, and the last name or 

family name. Also it records the nationality, passport or national IDs, the gender,

language, date of birth or age, addresses, telephone and mobile numbers. The

educational level is also important, occupation, and the payment type if it is cash,
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Date DATE, 

Clinic_ID V ARCHAR2 (2), 

User_ID V ARCHAR2 (15), 

drug_ID V ARCHAR2 (2), 

Duration VARCHAR2 (15), 

Frequ ency VARCHAR2 (15), 

Route VARCHAR2 (15), 

PRIMARY KEY (MRN, drug_ID, User_ID),

FOREIGN KEY (MRN, User_ID, Clinic_ID, drug_ID)

REFERENCES New_Patient, Users, Clinics, Drugs); 

Radiology_ Investigation Table

This table responsible for setting a request for radiology investigation

!!contains patient MRN, date and time, the clinic and doctor, the needed tests

depending on there types or categories, and a number for this request.

This is the creation command used to build this table in SQL *plus:

CREATE TABLE Radiology_ Investigation

(MRN VARCHAR2 (15),

Clinic ID V ARCHAR2 (2), 

User ID V ARCHAR2 (15), 

Type_ID V ARCHAR2 (2), 

Test ID V ARCHAR2 (2), 

INV_Nature VARCHAR2 (1), 

Xray _Number VARCHAR2 (15), 

Time VARCHAR2 (15), 

Date DATE, 

PRIMARY KEY (Xray _Number, MRN),

FOREIGN KEY (MRN, Age, Gender, User_ID, Clinic_ID,

Allergyl, Type_ID, Test_ID) REFERENCES New_Patient,

Users, Clinics, Medical-History, Radiology _Types,

Radiology_Test_Types);
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Radiology_ Test_ Types Tables 

table stores huge amount of radiology tests. It stores all kinds of tests depending 

their type from the previous table. 

This table contain these fields type ID and its used to link types table with its test 

here. also there is test ID and its name. 

This is the creation command used to build this table in SQL *plus: 

CREAT TABLE Radiology_ Test_ Types 

(Test_ID 

Test Name 

Type_ID 

Radiology_ Types Table 

VARCHAR2 (2) PRIMARY KEY, 

V ARCHAR2 (30), 

VARCHAR2 (2)); 

This table stores the different radiology general categories or types. It is used to 

classify the tests into categories which clarify the content for the users. 

This table contain two fields type ID and its type name. 

This is the creation command used to build this table in SQL *plus: 

CREA T TABLE Radiology_ Types 

(Type_ID 

Type_Name 

Reports Table 

V ARCHAR2 (2) PRIMARY KEY, 

V ARCHAR2 (30)); 

This table keeps information about report kinds. It is used to save each kind with its 

description.This table contain two fields which are report ID and its description. 

This is the creation command used to build this table in SQL *plus: 

CREAT TABLE Reports 

(Report_ID V ARCHAR2 (2) PRIMARY KEY, 

Report_Description V ARCHAR2 (30)); 
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5 Departments 13. occupations

6 Drug route 14. RAD Categories

7. Drugs 15. RAD Investigations

8. ICD9 Categories 16. Reports

Auto Record Master Files are: 

I. Lab Request 4. Set Appointment

2. New Patient 5. Sick Leave

3. RAD Request 6. Users

4.7.2 Logical Modules Design 

Auto Record, covers a wide range of information management functions processed by 

1arious departments and personnel in a hospital. The team developed several system 

modules to monitor functions, and simplify applications to the suitable level of users. 

There are five Auto Record modules. First is the Reception module, which deals with 

new patient and appointments information processing. Information in this module is 

purely administrative for patient registration purposes, no medical information 

processing is allowed. 

The second module is the Nurse module, which combines administrative and medical 

informat ion processing privileges. Functions include appointment setting and vital 

signs medical procedures. 

The third module is the Doctor module, which is performed as electronic 

documentation to all the medical procedures a doctor performs on a patient in the 

clinic. In addition, to further medical investigations, reporting, and care transfers 

outside the clinic. The doctor's module features retrieval privileges t o  a number of 

medical libraries, diagnosis coding and medication, which assist the doctor in 

documenting medical information. 
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fourth module is reserved for administrative uses by the Medical Record 

�ment. MRD, personnel and other business function departments such as human 

urces, accounting, and so forth. The Administration module's main function is to 

nitor and verify the data entered by the users belonging to the first three modules. 

MRD manages requests for printing system deliverables such as medical reports 

through this module. 

mally. the fifth module, is the system administrators IT module. System setup and 

maintenance functions are capabilities of the IT module. The IT module offers its 

IJ.!Crs full control over all system data processing, both administrative and medical. 

4.7.2.1 Security Privileges 

\fedical records and health related information in general, are very sensitive. Such 

infonnation must be accurate, for, it can determine the possibility of life or death of a 

pati ent. Thus, data security in Auto Record is an essential issue. To insure security, 

the team used the set-security-privileges techniques. 

After assigning different modules accesses, Auto Record was developed to 

automatically detect security levels according to the previously set user privileges to. 

Fach user has one or a combination of the following privileges: 

I. WRITE: have full functionality over the system whether it is writing and

creating new data, updating an exciting information or just retrieval of

information. Thus, the WRITE includes the privileges the other two privileges.

2. READ: users just can view and read excluding abilities to write or even update

a peace of data.

3. UPDATE: gives the privilege to correct and overwrite an exciting data

excluding creation of new data entries.

4.7.2.2 Logical Modules Table 

To better illustrate the functions and security privileges of Auto Records modules, the 

authors developed the Modules table, which identifies Auto Record applications 

associated with each module. In addition with, the names of the forms or screens 

appropriate for the user functions of each module. Finally the type of security 

privileges for each module. 
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UA Call Screen 

· g !his code on certain button to call another form(page ), by choosing PL/SQL

gin Oracle Builder, then selecting the command: WHEN-BUTTON-PRESSED, 

"rile the code that clarifies to the system what you want it exactly to do when 

�L_FORM ('MAIN_ MENUE'); 

,.8.5 PL/SQL 

PL QL plays a huge role in developing Auto-Record and in every system in general. 

pJ,SQLare a command language used with Oracle. These commands place inside 

rriggers for each field in one of the data blocks in certain forms. 

/!helps us to reach our needs by controlling the desired field and giving it the right 

command code to function properly. PL/SQL has many commands and each 

command has lots of jobs in different fields depending on the code written to guide 

�em for the desired out put, such commands are: 

o Pre-Insert

o When-New-Form-Instance

o Post-Change

o When-Button-Pressed

o When-Mouse-Click

We have used lots of commands and codes in building Auto-Record for different uses, 

such as, to automatically enlarge the window/screen, to control buttons, to let some 

fields automatically generate serial numbers, to give privileges to users and 

controlling security in the system, also to recall information from certain tables and 

show them on the screens, and others which will be detailed with their codes. 
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re request, check the patient existence of the requester, then setting the 

m1ment. For further assurance, the sequence of applications (tabs) m the 

weal Record] were verified with Dr. Afaf Zaki and Dr. Qasim from Derma 

c. Dr. Afaf and her nurse Amy, were kind to test the user friendliness of the

rand Nurse Modules. For overall appearance and interface design, the team

ecled feedback from fellow classmates who imitated the role of professional 

gners according to the guidelines they learned in design classes. 

�st Auto Record's technical and operational accuracy, several testing sessions 

� conducted with Oracle systems specialists working in MCM, a local systems 

tl opment firm to whom the team went to seek technical advice and expertise. As a 

111 time system development experience, the team got encouraging feedback and 

uable enhancement techniques. One example was the development of reports, for 

fuch the team knew very little about Oracle Report Builder, but with the teaching of 

\b. Al Madhoon, team members are know capable of elementary Report Builder 

applications. 

Oierall, each team member tested all the operating functions of all Modules. As the 

�roject submitting deadline approached, team members divided themselves for the 

�roject writing and technical tasks. Therefore, it was appropriate for the team writers

10 test the product of the team's technicians for user friendliness and accuracy . The 

1eam also conducted a number of user friendliness testing sessions with the project's 

supervisor. Those sessions resulted in valuable suggestions and feedback, which the 

1eam followed to enhance the system. An example of these suggestions is the multiple 

button design iterations described earlier in this chapter. 
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Chapter Five 

Conclusion 

�I Enhancement Suggestions 

the case with all system development projects, technical errors and logical faults 

expected to occur. The development of Auto Record was the team's first 

ftOence in a complete system development project. First experiences always have a 

Ja range of fault possibilities. The team is aware of several faults and limitations 

Auto Record. This awareness allowed the team to develop a list of enhancement 

�gestions that will overcome the faults. The enhancement suggestions verify the 

.ram's ability to resolve their system faults, but are limited by the experience and time 

Tiitations of the project. 

,0 allow opportunities of system enhancement, the team developed Auto Record to 

x flexible for addition, integration, and expansion. Expansion suggestions include 

:he addition of ICD 9 codes and categories, medication description items to the 

aatabase in order to empower the doctors with an increased range of information. 

�uto Record may also be expanded to include more users, patients, clinics, and 

departments. For testing purposes, at the moment it only includes a small sample of 

the previous elements. 

Further expansion includes the implementation of integration functions with external 

agents. The cu rrent non functional integration functions of Auto Record include 

l. Integration with Laboratory unit information system to process and transfer

the requests and results of Lab investigations

2. Integration with Radiology unit information system to process and transfer the

requests and results of Radiology investigations

3. Integration with the Pharmacy inventory system to process prescriptions

Another enhancement suggestion is to design and operate all paper-base output 

reports. This will include design and implementation of the Medical Report and 
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.�Report.Implementation of these services will require integration between the 

ules functions of Auto Record. 

enhancement opportunity resulting from one of the testing sessions is to enable a 

nengine in the Parameter Files screens. Currently, if IT personnel wants to 

xh a parameter table in the database using the GUI screens, he/she must go 

cgh all the records. Or go t hrough a series of pressing buttons on the key board if 

ihe is sure about the spelling of the item being researched. A search engine, 

xmapsl ike the one in [Appointment List] will be a suitable solution for this problem. 

�,r conducting a system testing session with Ms. Al Madhoon from MCM, she 

nned the team that there are some Oracle building bugs throughout Auto Record. 

)1iese bugs do not prevent the functions of Auto Record from performing the desired 

K,S. However, if a system error occurs with the continuous use, maintenance may 

ltbla greatdeal of time and money. As confirmed by Ms. Al Madhoon, this is due to 

: 1eam's limited experience with Oracle. However she also confirmed that the team 

1 off to a good start and members might consider a career in Oracle systems 

.. ,nstruction. 

rinall y, to enhance and ease user's applications using Auto Record, user training 

,cssions will be required for each module. Or another suggestion is to develop a user 

1/ilining manual for self learning. In both cases, users may require additional training 

1ofamiliarize themselves with the transition between screens, thus, it will be provided 

oysystem administrators or Auto Record designers. 

5.2 Conclusion 

There were two deliverables to this project. First, is the development of a complete 

system design for an Automated Document Tracking System to be implemented by 

King Faisal Specialist Hospital. The second deliverable was the development of Auto 

Record, the generic Electronic Medical Record Management System, which can be 

implemented in any hospital. Both deliverables were completed to increase the 

efficiency of work flow and service quality , in addition to better management and 

manipulation of their data assets. 
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Record is a generic Electronic Medical Records management system that can be 

:mentcd in any hospital. It automates paper-based medical records and all the 

caJ and administrative procedures associated with it. Development of this system 

a combination of tasks, tools, and techniques . 

. istem Development Life Cycle guided the overall development process with the 

:mon SDLC eight steps approach. Systems Analysis was accomplished by the 

i\'lforrnance of three tasks: user requirements and data collection, system definition, 

:ierrequirements and system data were acquired through several contact means with 

�ica/ and technical field experts. In addition, thorough literature research was 

�onned on unclear medical and technical subjects to add knowledge and speed up 

t\e system development process. Research was conducted by the use of books, 

.1icles, and as well as real life case studies performed by team members. Thus, many 

existing EMR management systems such as WIPRO were analyzed, and many data 

wrrnswerecollected from hospitals such as the Saudi German Hospital in Jeddah. 

lccording to the requirement and data collected, the system's users, functions and 

c'Utputs were defined to complete the system definition phase. Users are categorized 

JCcording to the five logical modules of Auto Record. System functions accommodate 

aJI the medical and administrative applications a hospital performs on Electronic 

\fedicaJ Records. Auto Record outputs is a combination of medical investigations 

)(teen display forms, [Lab Investigation], [Rad Investigation] ,[Prescription], and 

paper-based reports such as Sick Leave report. 

To model the system definition of Auto Record, Visible Analyst was used to create a 

physical data flow diagram, showing the functions of the system. Additionally, a flow 

chart to model the user interface navigation within Auto Record, was conducted by 

the use of Microsoft Visio. 

Auto Record's system design consisted of three phases: designing the database 

schema, designing logical users' modules and designing the system interface. ERD 

were developed to model the database schema. Several screen prototypes were 
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b} the use of Microsoft Vision. Changes were made according to feedback

tol}pe walk through sessions with potential system users. 

�em' Oracle database was constructed using SQL commands. Oracle Form 

r 11as used to construct system's interface screens. Output reports were 

d by the use of Oracle Report Builder. Screens and the database were 

cd to perform Auto Record functions by the use of PL \SQ L commands. 

construction, several testing runs of the system were conducted with multiple 

rial users. System testing was aimed to measure data correctness, function 

}, and user friendliness. Testing sessions resulted in feedback suggestions that 

accommodated for further system enhancements. 

paring the final product, Auto Record with the primary set objectives shows the 

of success the team achieved in this system development project. This report 

a clear documentation of all the development phases. The sequencing of the 

l in the report may give the readers an illusion that the development process was 

) easy and systematic. However, real life applications don't always follow 

retical promises. Nevertheless, regardless of the stress, challenges and pressure 

project brought to the team members, the level of success, progress, and sense of 

e1cment makes it worth while. 
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Iteration II 

(changed screens)













Iteration Ill 
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AppendixE 

Auto Record Database 

Schema 









Parameters Files 

SPOOL Y:/creation-Projectl.txt; 
SPOOL OFF; 

---------------------------------------------------------

Parameter Files: 

Countries 
CREATE TABLE Countries 
(Country_ID 

Country_Name 
Nationality 

VARCHAR2 (2)) PRIMARY KEY, 
VARCHAR2 (30) ,

Cites 
CREATE TABLE 
(Ci ty_ID 

Cites 

VARCHAR2 (30)) ;

VARCHAR2 (2), 
VARCHAR2 (30), 
VARCHAR2 (2), 

City_Name 
country_ID 

PRIMARY KEY 
FOREIGN KEY 

(Ci ty_ID ) , 
(Country_ID) REFERENCES countries); 

clinics 
CREATE TABLE clinics 
(clinic_ID VARCHAR2 (2) PRIMARY KEY, 
Clinic_Name VARCHAR2 (30), 

- C...:l-:-ifri c_o_esui.p:t--ion-... ___ . ..:iLARCHARL_(3.0� '
f3.oo _m_-'lQ__.. .. - - ---. . _y_ARCl:IAR-2--(6:).)-.; 

Departments 
CREATE TABLE Departments 
(Dept_ID 

Dept_Name 
E}eJ7l==De s c ri p.t.ion 

VARCHAR2 (2) PRIMARY KEY, 
VARCHAR2 (30),

Drugs 
CREATE TABLE Drugs 
(drug_ID 

drug_Name 
drug_Description 
Quantit)( 
Ko"'-'\.,.'\)) 

VAREHA-Ri2 (30)); 

VARCHAR2 (2) PRIMARY KEY, 
VARCHAR2 (30) ,
VARCHAR2 (30),
NUMBER O)'J � 
� c.\}Qil1. <.JC,) 

Drug_Route 
CREATE TABLE 
(Route_ID 

Drug_Route 

Route_Name 
Description 

Reports 
CREATE TABLE Reports 
(Report_ID 
Report_oescription 

Blood Types 

VARCHAR2 (2) PRIMARY 
VARCHAR2 (30),
VARCHAR2 (30));

KEY, 

VARCHAR2 (2) PRIMARY KEY, 
VARCHAR2 (30));

CREATE TABLE Blood_Types 
(Bl ood_ID VARCHAR2 (2) PRIMARY KEY, 

VARCHAR2 (60),Blood_Description 
Blood_Name 

Languages 
CREATE TABLE Languages 
(Languages_ID

Languages_Name 

Radiology_Types 

VARCHAR2 (6));

VARCHAR2 (2) PRIMARY KEY, 
VARCHAR2 (30)) ;

CREATE TABLE Radiology_Types 
(Type_ID VARCHAR2 (2) PRIMARY KEY, 
Type_Name VARCHAR2 (30)); 
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Parameters Files 
----------------

---------------------

Radiology_Test_Types
CREATE TABLE Radiology_Test_Types

(Test_ID VARCHAR2 (2) PRIMARY KEY,

Test_Name VARCHAR2 (30)); 
----------------

-----

oistinguish_Marks 
CREATE TABLE oistinguish_Marks
(oistinguish_Mark_ID 
Distinguish_Mark_oesc

VARCHAR2 (2) PRIMARY KEY, 
VARCHAR2 (30)) ; 

---------------------

categories 
CREATE TABLE Categor·i es
(Category_ID VARCHAR2 (2) PRIMARY KEY,

category_Name VARCHAR2 (30)); 
---------------

------- -----------

Lab_Types
CREATE TABLE Lab_Types
(Lab_Types_ID 
Lab_Types_Name 

VARCHAR2 (2) PRIMARY KEY,
VARCHAR2 (30)); 

-------------------------------------

Lab_Test_Types 
CREATE TABLE Lab_Test_Types
(Lab_Test_ID VARCHAR2 (2) PRI MARY KEY,

Lab_Tes_Name VARCHAR2 (30)); 

----------------------

r··;:>:
i

co9'i1 
---� 

CREATE TABLE ICD9 

I I 

, ( \,'\. \.1., \.')V'. \ \ \Ci

I• 

,/ 

' 

. 

(code_ID 
code_Name 
code_oescription 
category_ID 

VARCHAR2 (2), 
VARCHAR2 (30), .. ---
VARCHAR2 (30),-__:." ·,'·�:.

'--�----- . _,,,. ..-· 

'- 'v ...._ ·.,. \. ·� -\ \� --:-'\ 

PRI MARY KEY (Code_ID),
FOREIGN KEY (Category_ID)

---------------
------

Investigations 
CREATE TABLE Investigations
(Investigations_ID 
Investigations_Name 
Investigations_oescription

----------------------

occupation

VARCHAR2 (2), 
' . 

REFERENCES categories); 

VARCHAR2 (2) PRIMARY KEY,
VARCHAR2 (30) , 
VARCHAR2 (30)); 

CREATE TABLE occupation
(occp_ID 
occp_oescription 

VARCHAR2 (2) PRIMARY KEY, 
VARCHAR2 (30)); 

----------------
------
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Master Fil es � 

SPOOL Y:/creation-Project2.txt; 
SPOOL OFF; 

Master Files: 
-·· -- . . . 

...
.. 

___ ... ---···-
_.--,, 

\ 
.... -·· ,,-·· 

\ \ 
,· l 

'\ . . . 

\ ( I 'i's. , 

• ·  ) ' f./U ' • 

\ 
,�,y\ h 'y \ "',/!- '-; I \�v ,�8,f 

Gi_�� '· .. ,., .... ----··· ·- . •,,.,!_ __ •...... ····-··- �
----

·-----

CREATE TABLE users 
(User_ID VARCHAR2 (lS)PRIMARY KEY, 

U�F_Name VARCHAR2 (40), 
U_S_Name VARCHAR2 (40), 
U_G_Name VARCHAR2 (40), 
U_L_Name VARCHAR2 C 40) ' ' . ,., \\ \.-(1,\.),.5) 

- Na't·i-omrlity·-----------vA.'RertAR-2-t3-0:},-
--·······- ( ,..., J 

Gender VARCHAR2 (2), 
Language_IO VARCHAR2 (2), 
Date_of_Birth DATE, 
Blood_ID VARCHAR2 (2), 
Address VARCHAR2 (60),
Tel_NO NUMBER (30), 
Mobile_NO NUMBER (30), --=� 

- - �ID_Pass_NO VARCHAR2 (30), �vr?&1cD1
occp_ID VARCHAR2 (2), 
Dept_ID VARCHAR2 (2), 
clinic_ID VARCHAR2 (2), 
Privilages VARCHAR2 (2), 
user_Name VARCHAR2 (30), 
user_Password VARCHAR2 (30)); 

/ 1 ,
• .I/ 

ALTER TABLE Users ADD FOREIGN KEY (Language_ID) REFERENCES 
Languages(Languages_ID); 
ALTER TABLE users ADD FOREIGN KEY (Bl ood_ID) REFERENCES Bl ood_Types(Blood.:: 
ALTER TABLE users ADD FOREIGN KEY (occp_ID) REFERENCES occupati on(OccpJD); 
ALTER TABLE users ADD FOREIGN KEY (Clinic_ID) REFERENCES clinics(ClinicJD) 

ALTER TABLE users ADD (Country_ID VARCHAR2 (2)); -------------------------------------------

user_languages Table 

CREATE TABLE User_languages 
(User_ID VARCHAR2 (15), 

Languages_ID VARCHAR2 (2), 
Languages_Name VARCHAR2 (30), 
PRIMARY KEY (User_ID, Languages_ID), 
FOREIGN KEY (Languages_ID) REFERENCES Languages(Languages_ID)); 

-----------------------------------------
New Patient 

CREATE TABLE New_Patient 
(MRN 
Eye_color 
Distinguish_Mark_ID 
Address 
Blood_ID 
ID_Pass_No 
F_Name 
s_Name 
G_Name 
L_Name 
M_F_Name 
M_S_Name 
M_G_Name 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

VARCHAR2 

(15)PRIMARY KEY, 
(2)' 
(2)' 
(60), 
(2)' 
(30)' 
(40), 
(40), 
(40), 
(40), 
(40), 
(40), 
(40), 
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Master Files
M_L_Name VARCHAR2 (40), 
Payment_Type VARCHAR2 (2), 
Tel_NO NUMBER (30), 
Mobile_NO NUMBER (30), 
occp_ID VARCHAR2 (2), 
Date_of_Birth DATE, 
Age NUMBER (2), 
Gender VARCHAR2 (2), 
country_ID VARCHAR2 (2), 
FOREIGN KEY (Distinguish_Mark_ID) REFERENCES 

Distinguish_Marks(Distinguish_Mark_ID), 
FOREIGN KEY (Blood_ID) REFERENCES Blood_Types(Blood_ID), 
FOREIGN KEY (Occp_ID) REFERENCES Occupation(occp_ID), 
FOREIGN KEY (Country_ID) REFERENCES Countries(Country_ID)); 

---------------------------------------------- -

Medical-History 

CREATE TABLE Medical_History 
(MRN VARCHAR2 (15) PRIMARY KEY,

Complaints VARCHAR2 (15), 
chronic_oiseases VARCHAR2 (15), 
Allergyl VARCHAR2 (1), 

-��2 VARCHAR2 (1), 
·--A-Her gy3 v�+h- , , 
--A-l-l-e-r-gy4:------ VA-R-CHAR2 en.- ,;.$'

-' 

.-----Af-1-ergy5 
---- VAR-Cl IAR2 (1+-,- · y'f-

___A.l..l-e1"-gytr --vARtHA-R-2-f-1},-� 
-A+l-erg� ----\fARC-+tA-R-2-fl+,----: 

----A-1-+ergyS- ---vA-R-CMR&--1(Hl-t)�, --
_ _o:the-F-S--· vAReHAR2 (157)-;-

CREATE TABLE Diagnosis 
(MRN VARCHAR2 (15), e:_,,{.e..,.,_\"<. ,�\-e. \f;"t 

oiagnosis_Date DATE, 
Clinic_ID VARCHAR2 (2), 
User_ID VARCHAR2 (15),
Diagnosis_ID VARCHAR2 (15),
oiagnosis_desc VARCHAR2 (500),
code_ID VARCHAR2 (2), 

-H�ht Wi;RC"itAitZ-(uh 
-Wei gl t t VAi«:I IAR2-f6) , 
..P.tl 1-s- VA-RcHAR-2--( 6) , - -
--£P --v'ARCRA1t"2----(-6},----

Temp VA-RtHA-R-2---(-6)-;---
Reason_for _visit VARCHAR2 (500), 
Additional_Prog_Notes VARCHAR2 (500), 

'-- N--RN \JC\,11.C>A,.<2 
& ,.,,.,.;c...\O v"' rJ.�1 

\)�so \JC'i\.c.l. ... \ 
o�- ;;;,Q \J"""J.,

"�-VA:.
�� 
witv-t 
�<..),� 
Q,? PRIMARY KEY (D1agnosis_ID, MRN, User_ID), 

FOREIGN KEY (MRN) REFERENCES New_Patient(MRN), 
[FOREIGN KEY (User_ID) REFERENCES users(user_ID), 
l,.,FoREIGN KEY (Clinic_ID) REFERENCES clinics(Clinic_ID), 

FOREIGN KEY (Code_ID) REFERENCES ICD9(Code_ID)); 

?n""""J 'j (1-1R� 

tl3 r-(�j" lj( !X 

Make Appointment 

CREATE TABLE Make...Appointment 
(MRN VARCHAR2 
App_Date
clinic_ID 

User_ID 

�Time 
Followup_Flag

DATE, 
VARCHAR2
VARCHAR2
VARCHAR2 
VARCHAR2 

(15), 

(2)' 
(15), 

('\/\Tc fl57 , LJl w /' (1)' 
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Master Files 
PRIMARY KEY (MRN, clinic_ID, user_ID), 
FOREIGN KEY (MRN) REFERENCES New_Patient(MRN), 
FOREIGN KEY (User_ID) REFERENCES users(User_ID), 
FOREIGN KEY (Clinic_ID) REFERENCES Clinics(Clinic_ID)); 

-------------------------------------- ----

Prescription 

CREATE TABLE Prescription 
(MRN VARCHAR2 (15), 

Prescription_Date DATE, 
clinic_ID VARCHAR2 (2), 
user_ID VARCHAR2 (15), 
drug_ID VARCHAR2 (2), 
Duration VARCHAR2 (15), 
Frequency VARCHAR2 (15), 
Route VARCHAR2 (15), 
PRIMARY KEY (MRN, drug_ID, User_ID), 
FOREIGN KEY (MRN) REFERENCES New_Patient(MRN), 
FOREIGN KEY (User_ID) REFERENCES users(User_ID), 
FOREIGN KEY (Clinic_ID) REFERENCES clinics(Clinic_ID), 
FOREIGN KEY (drug_ID) REFERENCES orugs(drug_ID)); 

------------------------
Transfer 

CREATE TABLE Transfer 
(Transfer _ID 

MRN 

{;"-y_Clinic_ID 

VARCHAR2 (15), 
VARCHAR2 (15), 

1 
cJ_'.._ 

VARCHAR2 (2), o -
�< ..... user _ID 

Reason 
PRIMARY KEY 

FOREIGN KEY 

FOREIGN KEY 
FOREIGN KEY 

VARCHAR2 (15), _ u. <;:. ..e..J.VARCHAR2 (500), '\:O .-- ,, 
(Transfer _ID, MRN), 1 r o. ":).S� 

_Jc;J:. 
(MRN) REFERENCES New_Patient(MRN), r 

(User_ID) REFERENCES users(User_ID), 
(Clinic_ID) REFERENCES clinics(clinic_ID)); 

--------------------------------------- -
sick_Leave 

CREATE TABLE sick_Leave 

:.: MRN VARCHAR2 (15) , 
- clinic_ID VARCHAR2 (2), 
n

SL_ID VARCHAR2 (15)PRIMARY KEY, 

ser_ID VARCHAR2 (15), 
SL_Desc . VARCHAR2 (500), / SL_Durat� on_From DATE, ,1'. 

SL_Durat,on_TO DATE, �� SL_Date DATE, X' FOREIGN KEY (MRN) REFERENCES New_Patient(MRN), 
FOREIGN KEY (User_ID) REFERENCES Users(User_ID), ,,,/ 
FOREIGN KEY (Clinic_ID) REFERENCES clinics(Clinic_ID)); � ,\.�

// , i9A 
Radiology_ Investigation . _,,.,.�V')� /x-

o/y CREATE TABLE 
MRN 

clinic_ID 

user_ID 

,t,,:� 
Gender 

�1 
"Fyp�O" 

! "FE!'S t....:.IB 
INV_Nature 

•L __.,.- x�ay_Number 
K ..r-J_ T1 me

Radiology_Investigation 
VARCHAR2 (15), 
VARCHAR2 (2), 
VARCHAR2 (15), 
NUMBER (2), 
VARCHAR2 (2), 
VARCHAR2 (1), 
VARCHAR2 (2), 
VARCHAR2 (2), 
VARCHAR2 (1), 
VARCHAR2 (15), .,,,, \LA�-2-fH) , 0Mt 1 
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Master Fi les 
Rad_Inv_Date DATE, 
PRIMARY KEY (Xray_Number, MRN), 
FOREIGN KEY (MRN) REFERENCES New_Patient(MRN), 
FOREIGN KEY (User_ID) REFERENCES users(User_ID), 
FOREIGN KEY (Cli ni c_ID) REFERENCES cli ni cs(cli nic_ID), 
FOREIGN KEY (Type_ID) REFERENCES Radiology_Types(Type_ID), 
FOREIGN KEY (Test_ID) REFERENCES Radi ology_Test_Types(Test_ID)); 

---------------------------------------
Lab_ Investi gation 

CREATE TABLE Lab_Investigation 
(MRN VARCHAR2 (15), 

clinic_ID VARCHAR2 (2), 

'//y I 

' J'}; 
,y 

J., \ \'--_ __Jruser_ID VARCHAR2 (15), 
�� NUMBER (2), 
G� VARCHAR2 (2), 
INV_Nature VARCHAR2 (1), 
�a,b_T)lQ.eS_ID VARCHAR2 (2), / t' 
L�t_ID VARCHAR2 (2), 
Lab_Number VARCHAR2 (15), 

��Ti me vA-REH-A-Rr-E±-5-)., ,t>f-!T� 
Lab_Inv_Date DATE, (
PRIMARY KEY (Lab_Number, MRN), 
FOREIGN KEY (MRN) REFERENCES New_Pati ent(MRN), 
FOREIGN KEY (User_ID) REFERENCES users(user_ID), 

<JP/ 
wJ 

FOREIGN KEY (Cli ni c_ID) REFERENCES clini cs(Cli ni c_ID), 
FOREIGN KEY (Lab_Types_ID) REFERENCES Lab_Types(Lab_Types_ID), 
FOREIGN KEY (Lab_Test_ID) REFERENCES Lab_Test_Types(Lab_Test_ID)); 

---------------------------------------

Pati ent_App_Status/
I 

CREATE TABLE Patj�nt_App_Status 
(MRN / VARCHAR2 (15), 

cli nic_ID / VARCHAR2 (2), 
user_ID / VARCHAR2 (15), 
Status / VARCHAR2 (2) , 

.,____ 1 Time_In / �R-2-(15), 
__ ,- Ti me_out / v�(15), 

cV0� ��

,fl . PRIMARY K5Y (MRN, user_ID), 
FOREIGN 1$-EY (MRN) REFERENCES New_Pati ent(MRN), 
FOREIGN/KEY (User_ID) REFERENCES users(user_ID),
FOREIG� KEY (Cli nic_ID) REFERENCES cli nics(cli nic_ID)); 

--------------------------------------
Nurses_Appointments 

MRN VARCHAR2 (15), 
cli ni c_ID VARCHAR2 (2), 

dREATE TABLE Nurses_Appointments 

K 
user _ID VARCHAR2 (15), t).ty(\ G-- '
Ti me VARettAR2 (15}, 1,.,- c, kC' -r-, � :S: 

·I
J 

{.)f-lo\ 

�..,.. Nurses_App_Date DATE, \ - v'\
/ 

PRIMARY KEY (MRN, User_ID), \\� -o,__j:-
FOREIGN KEY (MRN) REFERENCES New_Pati ent(MRN), 
FOREIGN KEY (User_ID) REFERENCES users(User_ID), 
FOREIGN KEY (Cli ni c_ID) REFERENCES clini cs(Clinic_ID)); 

------------------------------------------ -
o,_ Appo;intments 

CR�TE7ABLE Dr_Appointments
(MRN VARCHAR2 
clin· _ID VARCHAR2 

VARCHAR2 
VARCHAR2 
DATE, 

user_ID), 

'\ . (15),'1 / /(2), 
(15), 
(15). ;;,,, 
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CREATE TABLE BLOOD_TYPES 
C 

) 

BLOOD_ID VARCHAR2(2 BYTE), 
BLOOD_NAME VARCHAR2(6 BYTE) 

---------------------------

CREATE TABLE CATEGORIES 
C 

) 

CATEGORY_ID VARCHAR2(2 BYTE), 
CATEGORY_NAME VARCHAR2(30 BYTE) 

--------------------------

CREATE TABLE CITES 
C 

) 

CITY_ID 
CITY_NAME 
COUNTRY_ID 

VARCHAR2(2 BYTE), 
VARCHAR2(30 BYTE), 
VARCHAR2(2 BYTE) 

----------------------------

CREATE TABLE CLINICS 
C 

) 

CLINIC_ID VARCHAR2(2 BYTE), 
CLINIC_NAME VARCHAR2(30 BYTE) 

--------------------------------

CREATE TABLE COUNTRIES 
C 

) 

COUNTRY_ID VARCHAR2(2 BYTE), 
COUNTRY_NAME VARCHAR2(30 BYTE), 
NATIONALITY VARCHAR2(30 BYTE) 

--------------------------------
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TABLES 

CREATE TABLE DR_APPOINTMENTS 
C 

) 

MRN 
CLINIC_ID 
USER_ID 
TIME 
DR_APPO_DATE 

VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
DATE, 
DATE 

------------------------------

CREATE TABLE ICD9 
C 

) 

CODE_ID 
CODE_NAME 
CODE_DESCRIPTION 
CATEGORY_ID 
DIAGNOSIS_ID 

VARCHAR2(2 BYTE), 
VARCHAR2(30 BYTE), 
VARCHAR2(300 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE) 

CREATE TABLE INVESTIGATIONS 
( 

VARCHAR2 (2 BYTE), 
VARCHAR2 (30 BYTE) 
VARCHAR2 (30 BYTE) 

) 

INVESTIGATIONS_ID 
INVESTIGATIONS_NAME 
INVESTIGATIONS_DESCRIPTION 
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TABLES 
CREATE TABLE LAB_INVESTIGATION 
C 

) 

MRN 
CLINIC_ID 
USER_ID 
INV_NATURE 
LAB_NUMBER 
TIME 
LAB_INV_DATE 

VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(15 BYTE), 
DATE, 
DATE 

--------------------- -----

CREATE TABLE LAB_TEST_AND_TYPES

C 

) 

MRN 
LAB_NUMBER 
TEST_ID 
TYPE_ID 

VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE) 

-----------------------

CREATE TABLE LAB_TEST_TYPES 
( 

) 

LAB_TEST_ID VARCHAR2(2 BYTE), 
LAB_TES_NAME VARCHAR2(30 BYTE), 
LAB_TYPES_ID VARCHAR2(2 BYTE) 

-----------------------

CREATE TABLE LAB_TYPES

( 

) 

LAB_TYPES_ID VARCHAR2(2 BYTE), 
LAB_TYPES_NAME VARCHAR2(30 BYTE) 

-----------------------

CREATE TABLE LANGUAGES

C 

) 

LANGUAGES_ID 
LANGUAGES_NAME 

VARCHAR2(2 BYTE), 
VARCHAR2(30 BYTE) 
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TABLES 

CREATE TABLE MAKE_APPOINTMENT 
C 

) 

MRN 
APP_DATE 
CLINIC_ID 
USER_ID 
TIME 
FOLLOWUP_FLAG 

VARCHAR2(15 BYTE), 
DATE, 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
DATE, 
VARCHAR2(1 BYTE) 

------------------------------

CREATE TABLE MEDICAL_HISTORY 
C 

) 

MRN 
COMPLAINTS 
ALLERGYl 
ALLERGY2 
ALLERGY3 
ALLERGY4 
ALLERGYS 
CHRONIC_l 
CHRONIC_2 
CHRONIC_3 
CHRONIC_4 
CHRONIC_S 
CHRONIC_6 
CHRONIC_? 
CHRONIC_8 
CHRONIC_9 
CHRONIC_lO 

VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(1 BYTE) 
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TABLES 

CREATE TABLE NEW_PATIENT 
C 

) 

MRN 
EYE_COLOR 
.ADDRESS 
BLOOD_ID 
ID_PASS_NO 
F_NAME 
S_NAME 
G_NAME 
L_NAME 
M_F_NAME 
M_S_NAME 
M_G_NAME 
M_L_NAME 
PAYMENT_TYPE 
TEL_NO 
MOBILE_NO 
OCCP_ID 
DATE_OF_BIRTH 
AGE 
GENDER 
COUNTRY_ID 
ID_PASS_FLAG 

VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(60 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(30 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(2 BYTE), 
NUMBER(30), 
NUMBER(30), 
VARCHAR2(2 BYTE), 
DATE, 
NUMBER(2), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(1 BYTE) 

-----------------------------

CREATE TABLE NURSES_APPOINTMENTS 
C 

) 

MRN 
CLINIC_ID 
USER_ID 
TIME 
NURSES_APP_DATE 
TIME_IN 
TIME_OUT 

VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
DATE, 
DATE, 
DATE, 
DATE 
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TABLES 
CREATE TABLE OCCUPATION 
C 

) 

OCCP_ID VARCHAR2(2 BYTE), 
OCCP_DESCRIPTION VARCHAR2(30 BYTE) 

------------------- --

CREATE TABLE PRESCRIPTION 
C 

) 

MRN 
PRESCRIPTION_DATE 
CLINIC_ID 
USER_ID 
DRUG_ID 
DURATION 
FREQUENCY 
ROUTE 

VARCHAR2(15 BYTE), 
DATE, 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE) 

--------------------- --

CREATE TABLE RADIOLOGY_INVESTIGATION 
C 

) 

MRN 
CLINIC_ID 
USER_ID 
INV_NATURE 
XRAY_NUMBER 
TIME 
RAD_INV_DATE 

VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(1 BYTE), 
VARCHAR2(15 BYTE), 
DATE, 
DATE 

--------------------- ---

CREATE TABLE RADIOLOGY_TEST_AND_TYPES 
C 

) 

MRN 
XRAY_NUMBER 
TEST_ID 
TYPE_ID 

VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE) 
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TABLES 

CREATE TABLE RADIOLOGY_TEST_TYPES 

) 

TEST_ID 
TEST_NAME 
TYPE_ID 

VARCHAR2(2 BYTE), 
VARCHAR2(30 BYTE), 
VARCHAR2(2 BYTE) 

-------------------
--

CREATE TABLE RADIOLOGY_TYPES 
C 

TYPE_ID VARCHAR2(2 BYTE), 
TYPE_NAME VARCHAR2(30 BYTE) 

) 

-------------------- ---

CREATE TABLE REPORTS 
C 

REPORT_ID VARCHAR2(2 BYTE), 
REPORT_DESCRIPTION VARCHAR2(30 BYTE) 

) 

--------------------

CREATE TABLE SICK_LEAVE 
C 

) 

SL_ID 
MRN 
CLINIC_ID 
USER_ID 
SL_DESC 
SL_DURATION_FROM 
SL_DURATION_TO 
SL_DATE 

VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(500 BYTE), 
DATE, 
DATE, 
DATE 
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TABLES 
CREATE TABLE TRANSFER 

) 

TRANSFER_ID 
MRN 
CLINIC_ID 
USER_ID 
REASON 
TO_CLINIC_ID 
TO_USER_ID 

VARCHAR2(15 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE), 
VARCHAR2(500 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(15 BYTE) 

------------------- -

CREATE TABLE USERS 
C 

) 

USER_ID 
U_F_NAME 
U_S_NAME 
U_G_NAME 
U_L_NAME 
GENDER 
LANGUAGE_ID 
DATE_OF_BIRTH 
BLOOD_ID 
ADDRESS 
TEL_NO 
MOBILE_NO 
ID_PASS_NO 
OCCP_ID 
DEPT_ID 
CLINIC_ID 
PRIVILAGES 
USER_NAME 
USER_PASSWORD 
COUNTRY_ID 
ID_PASS_FLAG 

VARCHAR2(15 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(40 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE), 
DATE, 
VARCHAR2(2 BYTE), 
VARCHAR2(60 BYTE), 
NUMBER(30), 
NUMBER(30), 
VARCHAR2(30 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(30 BYTE), 
VARCHAR2(30 BYTE), 
VARCHAR2(2 BYTE), 
VARCHAR2(1 BYTE) 
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Auto Record Screens 
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Iteration II
( changed screens)





















































































Iteration III 
(final screens) 



















































































































AJJJJendix G

Automated Document 

Tracking System 



Iteration I 















Iteration II 
(final screens) 

















ApJJendix H

Data Flow Diagrams 
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