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ABSTRACT 

 

PERKINIAN, VINOTH, S., “CareVoyant Patient Portal”, Master of Software 

Engineering, May 2010, (Dr. Kasi Periyasamy). 

 

Information technology (IT) has the potential to improve the quality, safety, and 

efficiency of healthcare applications by providing new methods and techniques to 

healthcare providers and patients to readily access and use health information. Both 

private and public sectors have engaged in numerous efforts to promote the use of IT 

within healthcare institutions and across all areas where healthcare is provided.  Some 

of these efforts include developing and promoting industry-wide standards, funding 

research to investigate the impact of IT on quality, and providing incentives that 

encourage investment in IT. CareVoyant is a software company that develops 

software solutions for healthcare applications. The purpose of this project is to 

develop a web-based application called CareVoyant Patient Portal that will work 

seamlessly with CareVoyant integrated application suite. The portal was developed to 

provide exposure to patient related healthcare information through web to patients 

and responsible parties. Through the patient portal, enterprises that use CareVoyant 

integrated application suite will be able to authorize their patients and responsible 

parties (guarantors) to gain access to their information such as demographic, 

financial, and clinical information. In addition, the user interface for this project has 

been developed in such a way that the application can be dynamically configured or 

modified to add or remove functionalities without modifying the code or redeploying 

the application.  This feature introduced a new concept of advanced user interface 

design which also added a marketing value to the product. 
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GLOSSARY 

 

ASP.Net 

The latest technology from Microsoft for creating web applications based on the 

.NET framework. It is a framework for building web applications built on top of the 

Microsoft Common Language Runtime (CLR). 

  

C# 

An Object Oriented programming language and associated development environment 

from Microsoft for its COM programming model and designed for the Common 

Language Infrastructure. [10]  

 

Data Integrity  

A process that ensures that the particular data is complete. It refers to the condition in 

which data is identically maintained during any operation, such as transfer, storage, 

and retrieval. It also includes the preservation of data for its intended use.  

 

Durable Medical Equipment 

Durable Medical Equipment (DME) is a term of art used to describe any medical 

equipment used at home to aid in a better quality of living. 

 

Dynamic link libraries (DLL)   

A Microsoft's implementation of the shared library concept in the Microsoft Windows 

and OS/2 operating systems. These libraries usually have the file extension DLL. 
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Executable 

An executable or executable file is a file whose contents are meant to be interpreted 

as a program by a computer. 

 

Health Insurance Portability and Accountability Act 

The Administrative Simplification provisions of the Health Insurance Portability and 

Accountability Act of 1996 (HIPAA, Title II) required the Department of Health and 

Human Services (HHS) to establish national standards for electronic healthcare 

transactions and national identifiers for providers, health plans, and employers.[8] 

 

Integrated Development Environment 

An Integrated Development Environment (IDE) also known as integrated design 

environment or integrated debugging environment is a software application that 

provides comprehensive facilities to computer programmers for software 

development. 

 

JavaScript 

JavaScript is an object-oriented
 
scripting language used to enable programmatic 

access to objects within both the client application and other applications. It is 

primarily used on the client-side, and is implemented as an integrated component of 

the web browser, allowing the development of enhanced user interfaces and dynamic 

websites. 

 

Microsoft SQL Server 2005  

A relational database management system (RDBMS) produced by Microsoft. Its 

primary query language is Transact-SQL, an implementation of the ANSI/ISO 

standard Structured Query Language (SQL) used by both Microsoft and Sybase.  
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Telerik Radcontrols 

Telerik Radcontrols for ASP.NET AJAX includes more than 60 controls with proven 

reliability that helps building high-quality, professional line of business web 

applications, created by Telerik Corporation. [6] 

 

UML Class Diagram  

In the Unified Modeling Language (UML), the class diagram describes the 

conceptual model of classes that illustrates the interfaces, their associations and the 

relationship between classes. [1] 

 

Use Case  

Use Case describes the visible requirement of the system. They are used in 

requirement analysis phase and contribute to test plans and user guides. [1] 

 

Visual Studio .NET 

A Microsoft GUI development environment for building various software 

applications. 

 

 

 

 

 

 

 

 

 



1 

 

1. Background Information 

 

Healthcare industry is one of the largest industries in 2008, contributing 14.5% of 

the nation’s economy, providing 14.3 million jobs for wage and salary workers in the 

United States. Healthcare related occupation being ranked as ten of the 20 fastest 

growing occupation in the nation, which is predicted to generate 3.2 million new 

wage and salary jobs between 2008- 2018, more than any other industry, largely in 

response to rapid growth in the elderly population. 

Therefore, in the rapidly changing healthcare industry, technological advances 

have made many significant impacts. Some of them are electronic medical records 

(EMR), software products for image processing and distribution, and maintenance of 

large volume of health insurance records. This technological advancement has 

resulted in providing comprehensive and perceived improvement on patient care and 

worker efficiency.  

Cost effectiveness is also improved with the increased use of integrated software 

systems. Such systems combine two or more segments of the healthcare industry to 

increase efficiency through the streamlining of functions, primarily financial, clinical 

and managerial. These changes will continue to reshape not only the nature of 

healthcare workforce, but also the manner in which healthcare is provided. 

Devices such as hand-held computers are used to record a patient’s medical 

history. Information on vital signs and orders for tests are transferred electronically to 

databases. This process eliminates the need for paper and reduces recordkeeping 

errors. These new technologies will continue to enable earlier diagnoses of many 

diseases which often increase the ability to treat conditions that were previously not 

treatable.  
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Industry growth will occur as a result of the shift from inpatient to less expensive 

outpatient and home healthcare because of improvements in diagnostic tests and 

surgical procedures, along with patients’ desire to be treated at home. However, since 

the adoption of electronic health record is relatively low, the Federal government 

provides incentives through 2009 American Recovery and Reinvestment Act (ARRA) 

for those qualifying Care Delivery Organizations (CDO) who implement and use 

certified electronic medical records within the 2010-2011 time frame [11]. 

Due to this rapid advancement, growth and complexity of the healthcare industry, 

there is an evident need for software industry to offer continuous solutions through 

innovative, integrated and intuitive software suites.  

CareVoyant, a healthcare Software company and the sponsor of this project, 

introduced its first physician billing solution in early 1990s. As a result of the 

demanding need for software solutions in healthcare industry, CareVoyant have 

continuously achieved in building software solutions that extensively consolidates 

clinical, financial, point of care and business intelligence functions of the healthcare 

domain, in a single software suite by using the latest Microsoft technologies.  

CareVoyant’s integrated application suite is categorized into (1) ambulatory care 

environment, comprising of physicians, rehab/therapy, Durable Medical Equipment 

(DME), and rural health markets, and (2) post-acute continuum, comprising of 

nursing homes, community care, home healthcare, and hospice markets. 

CareVoyant’s integrated application suite is segmented into several modules such as 

scheduling, billing, claims / statements, clinical integration, functional modules, 

business integration, dashboards, portals and analyzers [9]. 
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The CareVoyant Patient Portal is a new module that will be added to the list of 

existing portals that are available in the CareVoyant’s integrated application suite.  

This new module will allow CareVoyant’s industrial clients, also called “Enterprises” 

in this manuscript, to provide authorized access for patients and responsible parties 

called “Guarantors” in this manuscript, to gain access to their information’s such as 

demographic, financial, clinical, and their other related information. This report 

describes the development process used to develop the Patient Portal application and 

integrate it with the CareVoyant integrated application suite. 

The developer had previous experience in developing and maintaining a software 

system called Patient Scheduling System by using Microsoft’s .NET platform. This 

system is used to perform advanced patient scheduling functions and to maintain 

patient records and appointment histories for the Student Health Center, at the 

University of Wisconsin – La Crosse. The developer’s experience in the scheduling 

system strongly motivated the sponsor to offer CareVoyant Patient Portal as a 

capstone project to the developer. 

Since the project sponsor is a Microsoft Gold Certified Partner and an early 

adopter of the latest Microsoft technologies, the project sponsor requested an 

extensive incorporation of Microsoft’s .NET platform. Therefore the project was 

developed in Microsoft .NET platform with SQL Server 2005 as the back-end. 
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2. Selecting an Appropriate Software Life Cycle Model 

A software life cycle model depicts the significant phases or activities of a 

software project from conception until the product is retired [12]. A typical software 

life cycle model encompasses several phases such as requirements, design, 

implementation, integration, testing, and maintenance.  

Among the software life cycle models used in practice, the "waterfall model" was 

probably the first published and the least flexible. It follows a sequential software 

development process in which development is seen as flowing steadily downwards 

(like a waterfall) through the phases of requirements analysis, design, 

implementation, testing, integration, and maintenance. The major disadvantage of the 

waterfall model is that it does not work for certain problem domains, notably for 

those where the requirements are not well understood in advance and are likely to 

change significantly over the course of development. 

The more recent and popular software life cycle model is the agile software 

development model in which the software development processes are built on the 

foundation of iterative development. To that foundation the software development 

process adds a lighter, more people-centric viewpoint than traditional approaches. 

Agile processes use feedback, rather than planning, as their primary control 

mechanism. The feedback is driven by regular tests and releases of the evolving 

software. This is the most popular and evolving development model in the current IT 

industry.  

An in-depth discussion of the software life cycle models are beyond the scope of 

this report, but additional information can be found in many texts on Software 

Engineering practices. [3] [5] 
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The selection of a software life cycle model is the process of evaluating the 

specific needs and challenges of a project and then choosing the most appropriate 

model for the development process [2]. Life cycle model selection helps ensure the 

development is the most efficient and effective. If a wrong life cycle model is used, it 

can result in missing tasks and inappropriate task ordering which undercuts project 

planning and efficiency.  

To choose the most effective life cycle model for this project, the characteristics 

of this project were examined.  These include the requirements of the project, the 

project team, user community, the project type and risks involved by following the 

approach verbatim as given in the book [4] and the process executed is explained 

below. 

1) The project was examined based on the following project characteristic 

categories, as demonstrated in Tables 1 through 4 

a. Requirements : Table 1 

b. Project team : Table 2 

c. User community : Table 3 

d. Project type and risk : Table 4 

2) The questions presented for each category is answered by circling a yes or no 

in the matrices provided. 

3) The importance of the category, or question within the category, is ranked in 

terms of this project. 

4) The appropriate model is selected based on totaling the number of circled 

responses for each column in the matrices. 

5) The category ranking was used to resolve the conflicts between the models if 

the totals are close or the same. 

Requirements 

 The requirement category (Table 1) consisted of questions related to things 

that have been requested by the sponsor for this project. They are often termed as 

functions or features of the system that will be provided in the project. 
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Requirements Waterfall V-Shaped Prototype Spiral RAD Incremental 

Are the 

requirements 

easily defined 

and/or well 

known? 

 

Yes Yes No No Yes No 

Can the 

requirements be 

defined early in 

the cycle? 

 

Yes Yes No No Yes Yes 

Will the 

requirements 

change often in 

the cycle? 

 

No No Yes Yes No No 

Is there a need to 

demonstrate the 

requirements to 

achieve 

definition? 

 

No No Yes Yes Yes No 

Is a proof concept 

required to 

demonstrate 

capability? 

 

No No Yes Yes Yes No 

Do the 

requirements 

indicate a 

complex system? 

 

No No Yes Yes No Yes 

Is early 

functionality a 

requirement? 

No No Yes Yes Yes Yes 

       

Total 3 3 4 4 2 6 

 

Table 1. Selecting a Life Cycle Model Based on Characteristic of Requirements 
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Project Team 

 The questions in Table 2 are related to project management and resource 

allocation that have direct impact on this project.  

 

Project Team Waterfall V-Shaped Prototype Spiral RAD Incremental 

Are the majority 

of team members 

new to the 

problem domain 

for the project? 

 

No No Yes Yes No No 

Are the majority 

of team members 

new to the 

technology 

domain for the 

project? 

 

Yes Yes No Yes No Yes 

Are the majority 

of team members 

new to the tools to 

be used on the 

project? 

 

Yes Yes No Yes No No 

Are the team 

members subject 

to reassignment 

during the life 

cycle? 

 

No No Yes Yes No Yes 

Is there training 

available for the 

project team, if 

required? 

No Yes No No Yes Yes 

 

Table 2. Selecting a Life Cycle Model Based on Characteristic of Project Team 
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Project Team Waterfall V-Shaped Prototype Spiral RAD Incremental 

Is the team more 

comfortable with 

structure than 

flexibility? 

 

Yes Yes No No No Yes 

Will the project 

manger closely 

track the team’s 

progress? 

 

Yes Yes No Yes No Yes 

Is ease of resource 

allocation 

important? 

 

Yes Yes No No Yes Yes 

Does the team 

accept peer 

reviews and 

inspections, 

management / 

customer reviews, 

and milestones? 

 

Yes Yes Yes Yes No Yes 

Total 6 7 3 4 4 9 

 

Table 2. (Continued) 
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User Community 

 The early project phases such as requirement gathering, end user analysis, etc 

can provide a good understanding of the user community (Table 3) and its expected 

relationship with the project.  

 

User Community Waterfall V-Shaped Prototype Spiral RAD Incremental 

Will the 

availability of the 

user 

representatives be 

restricted or 

limited during the 

life cycle? 

 

Yes Yes No Yes No Yes 

Are the user 

representatives 

new to the system 

definition? 

 

No No Yes Yes No Yes 

Are the user 

representatives’ 

experts in the 

problem domain? 

 

No No Yes No Yes Yes 

Do the users want 

to be involved in 

all phases of the 

life cycle? 

 

No No Yes No Yes No 

Does the 

customer want to 

track project 

progress? 

 

No No Yes Yes No No 

Total 3 3 2 3 2 5 

 

Table 3. Selecting a Life Cycle Model Based on Characteristic of User Community 
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Project Type and Risk 

 Finally, the type of project and the risks (Table 4) that have been identified up 

to this point in the planning phase have been examined. The selection of a model that 

accommodates risk management does not mean that the creation of an action plan to 

minimize the risk identified is not required. The model simply provides a framework 

within which this action plan can be discussed and executed. 

 

Project Type 

and Risk 
Waterfall V-Shaped Prototype Spiral RAD Incremental 

Does the project 

identify a new 

product direction 

for the 

organization? 

 

No No Yes Yes No Yes 

Is the project a 

system integration 

project? 

 

No Yes Yes Yes Yes Yes 

Is the project an 

enhancement to 

an existing 

system? 

 

No Yes No No Yes Yes 

Is the funding for 

the project 

expected to be 

stable throughout 

the life cycle? 

 

Yes Yes Yes No Yes No 

 

Table 4. Selecting a Life Cycle Model Based on Characteristic of Project Type and 

Risk 
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Project Type 

and Risk 
Waterfall V-Shaped Prototype Spiral RAD Incremental 

Is the product 

expected to have a 

long life in the 

organization? 

 

Yes Yes No Yes No Yes 

Is high reliability 

a must? 

 

No Yes No Yes No Yes 

Is the system 

expected to be 

modified, perhaps 

in ways not 

anticipated, post 

deployment? 

 

No No Yes Yes No Yes 

Is the schedule 

constrained? 

 

No No Yes Yes Yes Yes 

Are the modules 

interfaces clean? 

 

Yes Yes No No No Yes 

Are reusable 

components 

available? 

 

No No Yes Yes Yes No 

Are resources 

(time, money, 

tools, and people) 

scarce? 

 

No No Yes Yes No No 

Total 3 6 5 8 3 10 

 

Table 4. (Continued) 
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Characteristic Waterfall V-Shaped Prototype Spiral RAD Incremental 

Requirements 

 

3 3 4 4 2 6 

Project Team 

 

6 7 3 4 4 9 

User Community 

 

3 3 2 3 2 5 

Project Type and 

Risk 

 

3 6 5 8 3 10 

Total 15 19 14 19 11 30 

Table 5. Summary of Total Responses 

Based on the criteria discussed in Tables 1 through 4 and summary of total responses 

shown in Table 5, it is evident that the incremental prototype model would be the 

most effective model based on all the project characteristics that were evaluated.  But 

since the requirements of this project were not well defined or not known in the early 

stages of the life cycle, it was decided that agile model would be the perfect and most 

effective model. This is because agile model adds requirement gathering on top of 

incremental prototyping approach for all the iterations through feedbacks such as 

team meetings, prototype demos, etc. Therefore CareVoyant Patient Portal was 

developed as an agile web development project.   
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3. Development of the CareVoyant Patient Portal System 

The development process of CareVoyant Patient Portal involved three major 

phases or stages. The first phase involved understanding the CareVoyant main 

application suite, particularly about its architecture and its underlying databases. In 

the second phase, the basic requirements were gathered and analyzed in order to come 

up with a focused objective of the project.  Continued in this phase was an 

incremental prototyping approach, where several incremental prototypes were 

developed in an agile fashion to communicate with the sponsor and discover 

additional requirements as well as changes to the existing requirements. In the third 

phase, the product was enhanced to include several additional features, in order to 

enhance reusability and extensibility of the product. 

3.1 Understanding the CareVoyant Main Application Suite 

In order to add a portal to the CareVoyant’s application suite, it was necessary to 

understand the main application suite itself from the perspective of end users, and 

from the perspective of its architecture along with its database.  The project sponsor 

gave a complete demonstration of the CareVoyant main application suite and some of 

its integrated portals such as Physician Portal. In addition, the developer had a month-

long training to understand the architecture of the database and the relationship 

between the databases and third party services. Later, the source code and the data 

sources of the CareVoyant main application suite were received from the sponsor and 

studied. After learning completely about the product and its underlying database 

thoroughly, the implementation details and the source code of certain functionalities 

that can be reused directly for this project were clearly identified.  They were grouped 

into two major categories: (1) Core Functionalities (2) functionalities provided by 

third party. These functionalities are described in Table 6 and Table 7. 
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 In addition, the underlying databases of CareVoyant main application suite that 

will also be used by this project are grouped into three major categories: (1) System 

Database (2) Company Database (3) Third Party Database; these are described in 

Table 8. 

 

 Module Name Functionalities 

1 Demographic Module 

View or request changes of demographic 

information such as patient’s address, contact 

numbers, etc. 

2 Guarantor Module 

View guarantor information such as 

guarantor’s name, address, and contact 

numbers for a given patient 

3 Professional contacts Module 

View professional contact information such as 

provider name, provider location, etc. for a 

given patient 

4 Plan Module 

View or add insurance information such as 

insurance policy number, name, company 

details etc. for a given patient 

5 Appointment Module 

View an existing appointment for a given 

patient or request for a new appointment for a 

given patient 

6 Vitals Module 
View vital information such as weight, blood 

pressure, temperature, etc. for a given patient 

7 Medication Module 

View medication information such as name of 

the medication, frequency, method of intake, 

etc. for a given patient based on the status of 

the medication such as active, inactive or 

suspended 

8 Account Statement Module 

View account statement information such as 

account balance, patient due, transactions, etc. 

for a given patient 

 

Table 6. Core Functionalities 
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 Module Name Functionalities 

1 Drug Education Module 

View education information for a given drug 

such as chemical names, brand names, side 

effects, etc. 

2 Drug Interaction Module 
View drug interaction information between 

two or more drugs. 

 

Table 7. Third Party Functionalities 
 

 Database Name Purpose 

1 System Database 

This database contains information that is 

pertaining to a particular enterprise such as 

application settings, company information, 

etc. 

2 Company Database 

This database contains information that is 

pertaining to all  companies that belong to a 

particular enterprise such as patient 

information, electronic medical records, etc. 

3 Third party Database 

This database contains information such as 

drug education, drug interaction as provided 

by third parties. 

 

Table 8. CareVoyant Databases 
 

During this process, the first step involved gathering the basic set of requirements 

and project objective from the sponsor. The developer had several meetings with the 

development and sales teams of the sponsor’s company. It became clear after these 

meetings that it would add great value to both the sponsor and the developer, if an 

initial prototype for the subset of functionalities with some user interface screen shots 

were developed. Therefore this became the initial throwaway prototype and it helped 

in analyzing and refining the initial set of requirements and evaluating the feasibility 

of the product. This stage served as a great leap to start the incremental prototype for 

this project. Upon the sponsor’s request, C# [10] was chosen as the programming 

language and the IDE used was Microsoft Visual Studio 2008 .NET. 
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The sponsor also specified Microsoft SQL 2005 as the database tool and provided 

the CareVoyant proprietary dynamic link libraries (DLL) to communicate with 

CareVoyant databases in order to maintain the same CareVoyant architecture for all 

its products. 

3.2 User Interface for CareVoyant Patient Portal 

It was decided to design the best and advanced user interface concepts that are 

available in the market to support user friendliness and ease-of-use characteristics of 

the product. This eventually will lead a way to build a completely customizable user 

interface and help in making this product more flexible to future changes in 

requirement of the product and will also enhance reusability. Some of the key features 

that were aimed to be implemented in this phase included the following: (1) 

Personalization of the product for every user should be possible. (2) All the core 

functionalities in this project are expected to be pluggable components. (3)  It was 

expected that all new functionalities can be built as a component using the product 

itself and can be plugged into the product without changing or redeploying the 

existing product. (4) Functionalities of the product should be customizable based on 

the demand or user roles. (5) End user can add or remove functionalities based on 

his/her demands 
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3.3 Technology for CareVoyant Patient Portal 

The project sponsor insisted on using the Microsoft .NET Framework which 

forms the basis for the CareVoyant Main Application Suite’s Service Oriented 

Architecture as shown in the figure 1. This n-tier design logically segments the .NET 

Framework into three functional levels: presentation layers, business layers and 

database layers. 

 

Figure 1. Architecture of CareVoyant Main Application Suite 

Presentation 

Layers 

Business 

Layers 

Database 

Layers 
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4. The CareVoyant Patient Portal Application 

This section explains the high-level architectural design of the CareVoyant Patient 

Portal application, detailed design architecture, database design, security design, and 

user interface along with some detailed usability issues that were factors in its 

construction. 

4.1. High Level Architectural Design 

  The high-level architecture of CareVoyant Patient Portal is presented in the 

Figure 2. CareVoyant Patient Portal was developed using the Microsoft .NET 

framework and it is written in ASP.NET C#. An installation of the CareVoyant 

Patient portal executable resides on a server machine and the server will run several 

instances of the CareVoyant Patient portal for each company that belongs to the 

enterprise that hosts CareVoyant Main Application Suite. The user, from a client 

machine belonging to a particular company of the enterprise, will run an instance of 

the CareVoyant Patient Portal Application.  

 

 

 

 

 

 

 

 

 

 

Figure 2. High-Level Architecture of CareVoyant Patient Portal

ASP.NET User 

Controls 

communicate with 

database using the 

CareVoyant 

database libraries 

CareVoyant 

Patient 

Portal 

Instance 

CareVoyant 

Patient 

Portal 

Instance 

CareVoyant 

Patient 

Portal 

Instance 

n 

Request or 

Submits 

Data 

User Client 
Server 

SQL 

Database 



19 

 

The CareVoyant Patient Portal application is a data driven application that 

retrieves information from and stores information to an SQL database based on the 

commands requested by the user.  

The CareVoyant Patient Portal is designed in such a way that the system can be 

deployed as two-tiered and three tiered architecture and in certain cases, as an n-tiered 

architecture. In the two-tiered architecture, the client and server machines form the 

two tiers, and the application and database both reside in the server. In a three-tiered 

architecture, the third tier is introduced by separating the application from the 

database. Finally, in the n-tiered architecture, the client will be a separate machine, 

the application will be spread across several machines and also the database will be 

spread across several machines. This is the current architecture of the CareVoyant 

production environment. The CareVoyant Patient Portal was designed in this way to 

enable flexibility to adapt to different architectures. 

4.2. Detailed Architecture of CareVoyant Patient Portal 

The CareVoyant Patient Portal architecture strictly follows the proprietary 

CareVoyant architecture, in which the application is structured as a group of classes. 

The CareVoyant Patient Portal application comprises of three layers, (1) presentation 

layer, (2) application layer and (3) database layer. The presentation layer consists of 

the classes that are responsible for establishing an interface between the other layers 

in the hierarchy and the end users. The application layer contains the application 

domain logic. It is also considered to be core engine of the application and acts as a 

bridge between the presentation layer and the database layer. The database layer 

contains the data and processes that manipulate the data requests and storage.  The 

database layer may include several databases; in particular for CareVoyant 

application, the database consists of the company’s database, the system database and 

third party information database. 
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Figure 3 illustrates the detailed architecture of the CareVoyant Patient Portal 

using a UML Class diagram.  The CareVoyant Patient Portal class contains user login 

functionality and the main home page functionality which connect to the other 

functional areas of the application. 

The application has three different types of users. They are (1) Enterprise 

Administrator (2) Patient and (3) Guarantor. Figure 4 and Figure 5 illustrate the 

accessible functionalities of the CareVoyant Patient Portal application using a use 

case diagram. 
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Figure 5. Accessible functionalities of CareVoyant Patient Portal by Patient and 

Guarantor users 
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4.3. Database Design 

The Patient Portal uses three different databases namely the company database, 

the system database and the third party database, all together comprising of more than 

3700 tables. Therefore, it was a very complicated task to understand the existing 

database, to figure out the tables that the CareVoyant Patient Portal will use and 

finally, to come up with the database design for adding new tables to the existing 

three databases without affecting the tables and data in the existing databases 

The database design strictly followed the standard CareVoyant database 

architecture and the naming conventions. This was done to make it less complicated 

for the CareVoyant developers to understand the newly added tables and will be able 

to modify it without any difficulty. Figure 6 and Figure 7 illustrate the database 

diagrams for the newly added tables to company and system databases respectively 

for the CareVoyant Patient Portal system. 
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Figure 6. Database Diagram of CareVoyant Patient Portal for newly added Company 

Tables (Company Database) 

 

Figure 7. Database Diagram of CareVoyant Patient Portal for newly added System 

Tables (System Database) 
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4.4. User Interface Design 

The sponsor wanted the application to be completely configurable and 

personalized by end users according to their needs. In addition, the sponsor also 

requested that the user interface should be as simple as possible and should 

accommodate all the required functionalities that the end users might expect. In order 

to satisfy these two requirements specified by the sponsor, a third party user interface 

tool called Telerik Radcontrols for ASP.NET is used to create customizable and 

friendly user interface for this application. 

The CareVoyant Patient Portal contains an advanced and more user friendly web-

based user interface, by eliminating some of the disadvantages of a conventional web-

based user interface such as page post-backs and high response time. The 

performance of the product was greatly improved by having a user interface that will 

avoid page post back for most of the operations.  

The look and feel of the product was enhanced by using third party tools and 

skins. The CareVoyant Patient Portal takes advantage of the Microsoft Visual Studio 

.NET controls for ASP.NET, third party controls for ASP.Net and the concept of 

custom user controls available in ASP.NET. The code is written in C# along with 

JavaScript to enhance the look and feel of the user interface.  The user interface code 

is clearly separated from the application logic code by making use of the code behind 

methodology that is offered as a choice in Microsoft Visual Studio .NET. This allows 

better encapsulation, easier maintenance and better readability and flexibility. 

As discussed in an earlier chapter, each of the core functionalities in this 

application is built as a pluggable component using a custom user control available in 

ASP.NET. The product took advantage of the model of Microsoft Visual Studio .NET 

Custom user controls along with the third party tool called Telerik Radcontrols [6] for 

ASP.NET C# and also the feature that is available in ASP.NET called “web parts”.  

These tools allowed the product to be customized, such as the functionalities can be 

dragged and dropped or removed from the users screen and saved for future visits to 

the application. Each such control has a defined specification that helps in reuse of 
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this functionality by any other CareVoyant application as a plug-in control. This 

concept of customized user control, led a way to a new concept of advanced user 

interface design. The user interface of the application can be dynamically configured 

or modified to add or remove functionalities without modifying the code or 

redeploying the application. 

 Apart from the read only built-In controls developed during the design time, there 

are three other types of pluggable user interface control/component that an 

administrator of this application can create during the runtime. They are: (1) Simple 

Custom Control (2) Custom Built-In Control and (3) Imported Built-In Custom 

Controls. The differences between all the types of pluggable controls are illustrated in 

the Table 9. 

 

 Control / Component Type Features 

1 Simple Custom Controls 

 

 These types of controls are included in 

the application dynamically during 

runtime.   Each such control is re-built 

every time the application is used 

based on the specification saved by the 

administrators during the creation of 

the control.  

 

 This type of control can be removed 

from the application at any time by the 

administrators. It is the simplest of all 

types of controls, because only simple 

functionality such as display of data 

can be processed by this control. 

 

Table 9. Types of Control / Component 
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 Control / Component Type Features 

2 Custom Built-In Controls 

 

  This type of control is built into the 

application by using the control 

creation functionality that is available 

in the application and is rendered to 

the application during runtime. It can 

be saved along with the other built-in 

controls at the application support files 

location. This control can be removed 

from the application at any time by the 

administrators. 

 

3 
Imported Built-In Custom 

Controls 

 

 These types of control are built 

separately by the CareVoyant 

developers at the CareVoyant 

development location or by the other 

developers at the enterprise locations, 

by following the defined specification 

and based on the requirement of the 

enterprise. These controls are 

subsequently imported into the 

application by using the import 

controls functionality. The added 

controls are rendered to the application 

during runtime in a similar way to the 

customized built-In controls.  They 

can also be saved along with the other 

built-in controls at the application 

support files location. This control can 

be removed from the application at 

any time by the administrators. 

 

 

Table 9. Types of Control / Component (Continued)  
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4.5. Security Design 

The CareVoyant Patient Portal accesses and maintains highly sensitive and 

confidential information that must be protected by HIPPA [8] laws and regulations. 

Therefore security of the system and the data that is handled by this application is an 

obligatory aspect of this application. With the sponsor’s request, the Patient Portal 

system uses a dynamic link library (DLL) developed by the sponsor company for 

capturing all security measures that are required for this application. This DLL takes 

care of the encryption of data as required by the HIPPA security regulations for the 

data that is handled by this application. In addition, all the data that is stored in the 

database is encrypted, by using the built in encryption feature that is available in SQL 

Server 2005 Enterprise Edition [13]. 

End users access the system is based on their roles. The users are given access to 

this application only after an administrator approves the identity of the users who 

have requested access to this application through the user registration functionality.  

In addition to this, to avoid fraud, several notification methods such as E-Mail, SMS, 

and Phone Notify [7] option are included to alert the users when there is a change 

made to the respective user data or healthcare information. 

4.6. Deploying CareVoyant Patient Portal 

The CareVoyant Patient Portal application was deployed by installing the 

application on a Microsoft IIS Server that has the Microsoft .NET Framework 3.5 or 

higher installed. The installation process involved a setup of several configuration 

files as part of the application. The configuration files contain information about the 

server, file system, mail configuration, license information for third party tools and 

also the configuration settings for database access. The installation of this application 

was followed by manually configuring each of the configuration files with 

appropriate configuration settings information before the application was used for the 

first time. 
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In addition, the three existing databases of the CareVoyant main application suite 

were updated to include the newly created database objects for this application. This 

was done by the implementation team at CareVoyant by using the installation manual 

that is submitted to the sponsor on request. 

4.7. Testing 

There are three different types of testing applied to the CareVoyant Patient Portal 

and they are, 1) Unit testing, 2) Integration Testing and 3) System Testing. The 

developer performed unit testing and integration testing on the CareVoyant Patient 

Portal application, whereas the system testing is performed by the sponsor company 

itself due to the involvement of HIPPA regulations. The Unit testing was performed 

by the developer at the completion of each of the functionalities / component and the 

developer tested these modules using a real or valid client data, which helped in 

increasing the accuracy of the testing performed and also validate the testing that was 

performed. The integration testing was performed at 2 levels, one at the completion of 

each of the iterations and tested the integration of functionality / components with the 

CareVoyant Patient Portal and also at a higher level, when the entire CareVoyant 

Patient Portal application is completed and tested the Integration with the CareVoyant 

Main Application Suite. The System testing is currently performed by a dedicated 

team at the sponsor company, which involves testing the application for standards 

that are required by the HIPAA regulations as defined by the Center of Medicaid and 

Medicare Services (CMS), which is a part of United States Health Department. 
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5. Limitations 

The one limitation of the CareVoyant Patient Portal application is that it uses the 

data that is directly stored in the three CareVoyant databases. Therefore, any changes 

in the architecture or schema of any of the databases will create a major issue in the 

accuracy of data that is processed by this application.  Currently, every time one or 

more of the databases is changed by the development team for an update or service, 

this application has to be completely tested before it is used again. 
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6. Continuing Work 

The CareVoyant Patient Portal was created due to the request from the customers 

of the sponsor company and it is also a part of the long term goal of the sponsor 

company. The developer packaged the code, database objects, requirement document, 

design document, user manual document and the installation manual document for the 

sponsor. The sponsor will complete the additional security enhancement, required 

HIPAA enhancements and will perform further in-house testing.  

Currently, the custom controls files that are created or imported are not encrypted 

in this application. These controls can only be read using Microsoft visual Studio 

.NET, since this will create confidentiality and piracy issues when deployed. The 

sponsor will be working on encrypting these custom control files and create a new 

CareVoyant file type for these custom controls. This will make the controls to be read 

only by the CareVoyant proprietary applications.  

Further modification to the user interface to add company information such as 

logo, copyright information and user interface standards to achieve similar look and 

feel of sponsor company software will also be performed. Sponsor will then present 

this application to their customers in their upcoming user conference and get an 

approval and feedback to further enhance or tune up the application before it is added 

to the CareVoyant application suite package in its next version. 
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7. Conclusion 

The CareVoyant Patient Portal application is a web-application that is packaged 

with the main CareVoyant application suite. The CareVoyant Patient Portal has been 

built with advanced user interface technologies, where the user interface can be 

customized according to the preferences desired by the enterprise.  

The CareVoyant Patient Portal has been designed as a communication interface 

between the enterprise / company and the patients / guarantors. It captures   vital 

healthcare information of the patients / guarantors stored in the enterprise / company 

database.  It provides all healthcare related information to patients/ guarantors 

through a secure web environment. The application will provide home page 

personalization and features customization for every patient / guarantor who uses this 

application to further enhance the usability of the application by the patients / 

guarantors.  

This application has been built with reusability in mind so that its features are 

developed as reusable components which can be used in any other product of similar 

application domain. 
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APPENDIX A: Selected CareVoyant Patient Portal Screen Shots 

 

 

 

Figure 8. Login Screen 
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Figure 9. Guarantor Homepage 
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Figure 10. My Patients Control for Guarantor 
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Figure 11. Demographic Information Control 
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Figure 12. Guarantor Information Control 
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Figure 13. Account Statement Control 
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Figure 14. Patient Insurance Plan Control 
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Figure 15. Demographic Information change request Control 
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Figure 16. Vitals Control 
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Figure 17. Medication Control with built-in Drug Interaction and Drug Education 
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Figure 18. Account Statement Viewer 
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Figure 19. User Approval Screen 
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Figure 20. Custom Control Management Screen 
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Figure 21. Built-in Custom Control Management Screen 
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Figure 22. Homepage Control Management Screen for Patient / Guarantor 

 

 

 

 


