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ABSTRACT 

This thesis discusses the need for a simple hypermedia instmctional design 

methodology. The main objective of this methodology is to aid educators in creating a 

well-stmctured hypermedia application. This methodology focuses on the decomposition 

of the knowledge base as well as the navigational and interface aspects of the hypermedia 

application. The decomposition of the knowledge base is done using object oriented text 

decomposition techniques. Guidelines for the design of the navigation and interface of 

the application are defined as part of the design methodology. The navigational stmcture 

of the hypermedia application developed is validated using nodal metrics. The software 

tool that automates the methodology is intended to help educators in creating simple and 

efficient hypermedia applications. 
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CHAPTER I 

INTRODUCTION 

Knowledge as known to mankind has always been in the form of books. Books have 

changed form and shape as time went by. Early attempts at achieving this involved the 

use of stones, waxed boards, leaves, bronze, silk, and clay tablets. Paper as we know it 

was discovered in the 105 AD by the Chinese. Paper manufacturing technology gradually 

spread from china to the outside world. This process took several centuries. The majority 

of the civilizations started using paper as their means of storing information. This 

provided them to standardize in the way information is stored. To this day the manner of 

organization of a book has not changed. All subject matter in the books is in sequential 

order. The reader has no control in organizing the order of presentation of the subject 

matter. The availability of books is also restricted and not everyone has access to books. 

The cost overhead in manufacturing a book for each reader cannot be ignored. In spite of 

these drawbacks books have reigned supreme and are common in the modem society. 

The invention of the computer and the Internet is challenging the monopoly of these 

conventional forms of information. The new millennium is going to be a tme electronic 

age. Computers are changing the way humans live. Their means for informational 

retrieval is going to change. People no longer are going to depend only on books as a 

source of knowledge. Knowledge is going to be stored in digital format using computers. 

Most of the information is going to be available on the Internet. Hypertext is the format 

in which information is stored on the Internet. Hypertext can be defined as a non-



sequential collection of information that can be accessed by a user through cross-

referencing links. Multimedia components like images, audio and video, when 

incorporated in a hypertext application, will enhance the user experience tremendously. 

These multimedia rich hypertext documents are called hypermedia. Hypermedia 

applications help users dictate the order of presentation of the subject matter. 

With the spread of Internet, it is easy to distribute hypermedia to people everywhere. 

The world is changing and transforming into a global village. Computers and the Internet 

play a very important part in bringing about this change. In the near future, we can 

visualize people of different countries and distinct cultures communicating with each 

other through computers. They are going to share information over the Internet. More 

and more information is going to reside on the Internet. Educators are going to be 

presented with a unique opportunity to use the Internet as a medium of instmction. 

Hypermedia applications are going to help educators reach a wider audience. With the 

rapid deployment of hypermedia applications, there exists a need for a well-defined 

design methodology for hypermedia applications. Hypermedia applications that follow a 

standard design are easier to develop and easier to use. Hypermedia application design is 

the subject of active research. Many methodologies have been developed and some of the 

methodologies are outlined in the next chapter, literature survey. 

1.1 Problem Definition 

There is a need for a well-defined design methodology for hypermedia applications. 

There are many methodologies that have been proposed for the development of 



hypermedia systems. The main emphasis in these methodologies is the navigational and 

interface aspect of a developed application. The OOHDM (Object-Oriented Hypermedia 

Design) is one of the methodologies that focus on these issues [2, 6, 7]. 

The interesting problem facing designers of a hypermedia application is on the 

breakup of a conventional knowledge source like a textbook into hypertext. Text 

decomposition is important as it decides the stmcture of the application. A methodology 

to achieve this is Object-oriented Text Decomposition (OOTD) [1]. In this methodology, 

a knowledge base is decomposed into formally stmctured text passages. Students learn 

more easily if more general, more inclusive topics are presented on top of the 

presentation with specific topics at a lower level. 

The methodology is similar to the Object-Oriented Design methodology and has the 

following steps: 

1. State the thesis of the tutorial in a single paragraph. 

2. Expand the sentence into a high level paragraph. 

3. Identify the key concepts. 

4. Identify the relationships between the key concepts and the paragraph theme. 

5. Review and revise. 

6. For each new concept repeat steps 1 to 5 as needed, till the lowest level of 

abstraction. 

7. Encapsulate related concepts into a single object-module. 

8. Implement text links in hypertext. 



In this methodology the decomposition process puts emphasis on the key concepts and 

places them into a hierarchy of levels of abstraction and detail. The relationship between 

concepts serve as links between different levels, so the entire knowledge base is split into 

concept-relationship pairs, which a student can clearly understand. 

William J. Adams [91 , in his master's thesis at the University of Arkansas, proposed 

simple and efficient design and deployment guidelines for hypermedia applications. The 

OOTD methodology along with various research ideas resulted in his methodology. He 

introduced the concept of review screens and quizzes as part of the design process. A 

graphical method for the development of hypermedia applications was developed. 

Educators find using the above methodology to design hypermedia applications very 

effective. A typical application is very stmctured in terms of concept-relationship pairs, 

which can help a student understand and memorize the topic better. There is also 

provision for review screens and quizzes for students after they complete the tutorial. The 

student gets instant feedback and can assess his/her performance on the quizzes. 

If an educator wants to create an effective hypermedia application, he/she has to 

have an idea about these methodologies, which is not always possible for the already 

busy educators. They should be provided with efficient software tools to build a 

hypermedia application or tutorial. 

1.2 Purpose 

The purpose of the thesis is to define and automate a methodology for the design of 

hypermedia systems. The primary concern of the methodology is to help educators and 



instmctors to design a well-stmctured hypermedia application. The focus is on the 

decomposition of a knowledge base, the navigational and interface aspects of the 

application. The software tool developed, as part of the thesis will automate the above 

methodology and thus assist the educators in designing simple and efficient hypermedia 

applications. 

The methodology defined by William J. Adams [9] is the basic framework of this 

thesis. New features have been added to methodology defined by William J. Adams [9]. 

These new features enhance the user experience. The defined methodology will provide 

guidelines on the stmctural and navigational aspects of the design process. The important 

issues addressed by this methodology are: 

1. Text Decomposition of the knowledge base. 

2. Implementation of the navigational stmcture of the nodes that result from 

concept-relationship pairs present at the various levels of abstraction in the 

hypermedia stmcture. 

3. Provision of a history viewer and an active reference of the navigation process for 

the student using the application or tutorial. 

4. Calculate the metrics on the stmcture of the hypermedia presentation. 

The tool developed will guide the user through the various steps involved in the defined 

methodology. First, it will help the user decompose the subject matter into hierarchical 

concept-relationship pairs. The user builds the presentation depending on these concept-

relationship pairs. The tool will stop the user from deviating from the OOTD 

methodology. After the user completes the decomposition of the subject matter, the tool 



generates the hierarchical graph with each concept-relationship pair represented by a 

node on the graph. At this point, the decomposition of the subject matter is complete. 

The next stage is to enforce a navigational stmcture on the nodes. The tool will 

enable the user to link one node to another. The direction of the links will determine the 

navigational structure of the application. The tool also enables the user to unlink any two 

nodes. The hypermedia presentation is complete once all the nodes are connected to or 

from at least one node. This ensures that the user can navigate to all the nodes one way or 

another. At this point the navigational stmcture of the application is ready. 

The tool will allow the user to add multimedia components to any node. Images (gif and 

jpeg formats) and videos in the avi format can be added. The tool will also allow the user 

to insert a test node in the application. The test node will enable the educator to test the 

student in the course of the hypermedia presentation. 

After the navigational stmcture of the nodes is defined, the user can view the 

hypermedia presentation. At this point, the tool can display the global metrics, stratum 

and compactness, which help the designer improve the stmcture of the presentation. The 

tool will generate the html pages and will display the main page of the presentation. It 

will also display the links to other pages from the main page according to the links 

between the nodes in the graph. The user navigates to the desired page by selecting the 

link from the navigational menu. The tool will display the history of all the nodes to 

which the user navigated by selecting the view history option from the command menu. 

The active reference feature enables the user to view the complete graph of all the nodes 

and navigate to any desired node by double clicking on that particular node. 



1.3 Thesis Organization 

This thesis is organized into five chapters. Chapter I introduces the concept of 

hypermedia and the need for hypermedia methodologies. It then gives information on 

research related to the thesis and the purpose of this thesis. Chapter EI contains the 

literature related to hypermedia design research. Chapter IQ talks about the design 

methodology used to develop hypermedia applications. Chapter IV focuses on the 

development of the tool. Chapter V discusses the results, conclusions and future research. 

Chapter VI is the user manual for the tool. 



CHAPTER n 

LITERATURE SURVEY 

There is a fair amount of literature available on hypermedia applications. Every 

year the Association of Computing Machinery (ACM) organizes a conference on 

hypertext and hypermedia. The twelfth ACM conference on hypertext and hypermedia is 

to be held at University of Aarhus in Denmark. The leading researchers in the field of 

hypermedia come together to discuss their findings at this annual conference. The latest 

trends in hypermedia design are presented. Given below are some of the related articles 

with stress on object-oriented design methodologies. 

2.1 Object-Oriented Text Decomposition 

Michael L. Talbert and David A. Umphress [11 present a methodology for developing 

computer-assisted instmctional material for use as a learning medium. In this 

methodology, a knowledge base is decomposed into formally stmctured text passages. 

The authors say that students learn more easily if more general, more inclusive topics are 

presented on top of the presentation with more specific topics at a lower level. 

The methodology presented by the authors is similar to the Object-Oriented Design 

methodology and has the following steps: 

1. State the thesis of the tutorial in a single paragraph. 

2. Expand the sentence into a high level paragraph. 

3. Identify the key concepts. 



4. Identify the relationships between the key concepts and the paragraph theme. 

5. Review and revise. 

6. For each new concept repeat steps 1-5 as needed, till the lowest level of abstraction. 

7. Encapsulate related concepts into a single object-module. 

8. Implement text links in hypertext. 

The authors then implement a sample tutorial using this methodology and conduct a 

test on a group of students. They conclude that the methodology helps students in 

understanding the hierarchy of the material. The students approved of the enhanced topic 

organization and key topic highlighting which the relationship-driven approach in the 

tutorial provided. 

2.2 Interactive Dvnamic Maps 

Mountaz Zizi [3] discusses the advantage of interactive dynamic maps in the design 

of hypermedia systems. They provide better understanding of the semantics of the 

underlying set of documents. An Interactive Dynamic Map is a document that provides a 

global view of either a set of documents or the semantic contents of the system. 

Topic IDMs display the various topics in the system and the links between the topics. 

Topics, which are similar or related to each other very closely, are combined into classes 

or regions in the map. Similarly, Document IDMs display documents and the links 

between them. Similar or highly correlated documents are close to each other. 

The basis of information retrieval is based on keywords or descriptors. Here the 

author emphasizes the distinct expressions rather than the words as descriptors. 



Information retrieval is based on the full-text analysis method. The documents and 

descriptors have vectors associated with them. The x coordinate of a descriptor vector for 

document D is 1 if that descriptor T is present in the document (0 if not present). Two 

topics or documents are grouped together if they are based on similar descriptors. A 

correlation is used to measure the similarity of two descriptors. Using the interactive 

dynamic maps, the output of the topic IDMs is compared to document IDMs. It was 

found that topic IDMs were easier to constmct, as the main regions were laid out first and 

then the important documents in each region. In the case of document IDMs, the 

documents are plotted on the IDM depending on the similarity of the documents. This 

leads to closely plotted similar documents, thus resulting in clusters. 

2.3 Abstract Data Views and Objects 

Gustavo Rossi, Daniel Schwabe and Alejandra Garrido [2, 6, 71 suggest an object-

oriented design model for the user interface in hypermedia applications. They use the 

Abstract Data Views (ADVs) in the context of the Object-Oriented Hypermedia Design 

Method (OOHDM). 

The ADV design model is environment-independent, leads to better communication 

between designers and implementers, and also has a higher degree of reuse as observed in 

many applications like on-line painting galleries and museums. ADVs are objects, which 

have a state and an interface, where the interface can be exercised through regular 

functions initiated by user interaction. The response of an ADV to different user actions 

is shown in Fig 2.1. 
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Abstract Data Objects (ADOs) manage the data stmcture and control in the 

application. ADOs can be termed as passive and the ADVs as active. ADV is the visual 

interface of ADO. ADVs can be viewed as transformers between two ADOs. As seen in 

Fig 2.2, ADO can own one or more ADVs, which represent some aspect of the ADOs 

state to the external world. An ADV can be visualized as an interface object with its set 

of attributes that define its perception properties and the set of user-activated events it can 

handle. An ADV can also be composed of many ADVs and is called a composite ADV. 

Next the author discusses about Configuration diagrams. In the case of ADVs they 

represent the user-initiated events an ADV handles, the services provided by the ADV, 

the communication between the ADV and the ADOs. In Figure 2.1, the external events 

and the messages between the ADO (Node Painting) are shown. 

ADV charts are a generalization of state charts and object charts. ADV charts have 

the information about the event that causes the transition, the pre- and post conditions to 

be satisfied and executed when the event takes place. 

2.4 Relationship Management Methodology 

Alicia Diaz and Tomas Isakowitz [41 present RMCase, a computer-aided design 

environment for hypermedia systems. The environment is based on the Relationship 

Management methodology, which was conceived as the basis for software development 

tools. The important requirements for an environment to develop hypermedia systems are 

fast feedback loops for switching between one stage and another, smart-cloning 
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capabilities at the instance level, and abstraction and instantiation mechanisms. The 

author proposes to achieve these in the RMCase tool. 

This model is based on Entity-Relationship model and contains entities, attributes and 

slices. There are seven contexts in the RMCase design model. 

1. E-R Design Context: It deals with the characteristics of the application domain. It 

has details between the various entities, their attributes, and relationships. 

2. Slice Design Context: It deals with the inner stmcture of an entity and how its 

attributes are divided among different slices, a slice being a set of attributes of an 

entity. The default slice or header of the entity is also chosen here. 

3. Navigational design Context: It deals with the navigational features of the 

application. Using indices and guided tours, the slices are connected by the access 

stmctures. 

4. Node-Link conversion Context: Here, the slices are mapped into nodes and each 

access stmcture is mapped into links between the nodes. 

5. User-Interface design Context: In this context, the design and editing of the user-

interface is facilitated. 

6. Hyperbase Population context: Here, the application is populated with instance 

data. 

7. Prototype context: This facilitates the inter-context navigation and improves the 

testing and cloning capabilities the system. 

13 



2.5 Patterns for Hypermedia Systems 

Gustavo Rossi, Daniel Schwabe and Alejandra Garrido [2, 6, 71 provide three pattern 

systems intended to provide guidance for different aspects of hypermedia applications. 

1. Pattern for Hypermedia Systems: This is helpful to build the environment used to 

build hypermedia applications. The specific user is a hypermedia system developer. 

The important aspects of this are: 

• Node as Navigational View: This deals with adding navigational capabilities to the 

content OO application. 

• Link as a Relationship View: This deals with representing relationships among 

components of the application. 

• Anchor: This deals with activating links within a node. 

• Navigation Strategy: This deals with the creation of static and dynamic link 

destinations in the system. 

• Navigation Observer: This talks about creating a perceivable record of the navigation 

process. 

• Node Class, Link Class: Definition of the node type is handled here. 

• Wrapper Node: Adds navigational features to the existing GUI's. 

2. Navigational Design Patterns: This is meant for hypermedia applications developers. 

These patterns do not care about the final look of the system, but do care about the 

organization of navigation. 

• Node as a single Unit: This decides the extent of information in a node. 
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• Node creation method: This deals with static or dynamic creation of nodes. 

• Link creation method: Creation of static or dynamically created links. 

• Navigational context: This deals with organization of the navigational stmcture 

according to the context. 

• Active Reference: Deals with providing permanent and perceivable reference to the 

user. 

3. Interface Patterns: These patterns are meant for hypermedia GUI designers. They are 

abstract and so independent of the environment used for implementation. 

• Information on Demand: Organization of the interface in such a way so that all the 

information is displayed in a node. 

• Information-Interaction decoupling: This deals with how to differentiate contents and 

various controls in a node 

• Information-Interaction coupling: This is to make clear which object is affected by 

activating a control. 

• Behavioral Grouping: Organization of the different types of controls so that a user 

can understand them. 

• Behavior anticipation: The effect or consequence of activating an interface object is 

explained. 

• Process feedback: This deals with keeping the user informed about the progress of the 

interaction. 

15 



2.6 Design Patterns and their Reuse 

Gustavo Rossi, Daniel Schwabe and Alejandra Garrido [2, 6, 71 talk about the 

importance of design patterns and their reuse in the development of hypermedia 

applications. 

The authors discuss the following design pattern categories: 

1. Navigation Observer: This is used in the case of hypermedia systems. Here the 

authors discuss a history viewer of the nodes already visited. The viewer needs to be 

decoupled from the navigation process. 

2. Navigational Context: This is a navigational design pattern. Depending on what 

context the user needs to view the information, the nodes are presented. The authors 

propose to build all nodes in very general manner and depending on the navigational 

context, a decorator is added with the context information. 

3. Active Reference: This is a navigational design pattern for monitoring navigation. 

Here information about the current position of the user in the system is provided. 

4. Information on Demand: This deals with the interface design pattern. The designer 

should be able to view information that is only very important to the user. If the user 

wants to explore a particular attribute then that should be displayed on the user's 

request. 

2.7 Hypertext Instmctional Design Methodology 

Susan A. Mengel and Cpt.William J.Adams [8] talk about the need for a hypertext 

instructional design methodology. They think that a simple-to-leam methodology is 
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needed for educators and students to design and implement hypertext instmctional 

systems. The methodology can be divided into the following stages. 

1. Requirements stage: In this stage, the scope of the system is determined after an 

extensive analysis of the subject matter. The OOTD [11 is used to breakdown the 

subject matter into conceptual components. 

2. Specifications stage: Here the OOTD [11 graph is refined into a stmcture suitable for 

implementation. The first and second order links are determined. Gagnes'events of 

instmction are used to add additional nodes: review screens, test screens, and 

feedback screens. 

3. Implementation stage: In this stage the designer can implement the content flow 

chart in the system of his/her choice. The design of the screens is important in this 

stage. 

The resultant methodology should monitor the design process with metrics to ensure 

that the hypertext links are tight. The hierarchical stmcture of the system helps the 

students understand the subject better. A survey of the students who used the tutorial 

designed by this methodology concluded that it was helpful in understanding the subject 

better. 

2.8 Summary 

This chapter talks about hypermedia design methodologies. It mainly focuses on 

object oriented hypermedia design methodology and the object-oriented text 

decomposition methodology. It also talks about the navigational and interface design 
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aspects of hypermedia design. It explains the need for navigation and interface design 

patterns. It also talks about the need for reuse of design pattems. Finally, it talks about the 

need for a hypertext instmctional design methodology. 
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CHAPTER m 

DESIGN METHODOLOGY 

3.1 Design Process 

The complete process of the development of the hypermedia tutorial can be divided 

into three stages. They are the requirement stage, the specification stage and the 

implementation stage. In the first stage, the tutorials scope and content is decided. The 

second stage describes how the system should look and act. It is here that the navigational 

design of the system is decided. In the final stage, the information that is already broken 

down into concept-relationship pairs is actually converted into hypertext using the 

application developed as part of this thesis. 

3.1.1 Requirements Stage 

In the requirement stage, the user needs to identify the scope of the tutorial and also 

assimilate the material required for developing the tutorial. It focuses on determining the 

boundaries of, developing, reviewing, editing, and finalizing the subject matter content of 

the tutorial. The information collected is verified and checked before it is broken down 

into subconcepts using the Object Oriented Text Decomposition (OOTD). 

The eight steps of OOTD are as follows: 

1. State the main concept of the tutorial in a single sentence. 

2. Expand the sentence into one or more paragraphs. 

3. Identify the key concepts in the paragraph. 
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4. Identify the relationship between key concepts and the paragraph theme. 

5. Repeat steps 3 and 4 until a satisfactory design is achieved. 

6. For each new concept, repeat steps 1-5 as needed. 

7. Group the related concepts together. 

8. Implement the text links as hypertext. 

The initial step is to phrase a single sentence that conveys the main purpose of the 

tutorial. This sentence is then expanded into a paragraph, which deals with the subject at 

the next level of abstraction. The user can also use two or three paragraphs if it helps the 

purpose. It is better to keep the level of abstraction as low as possible and go to a higher 

level of abstraction as the process continues. The next task is to identify the concept-

relationship pairs in the above paragraph. 

These concept-relationship pairs act as the topic for the paragraph at the next level. 

The new paragraphs are built further detailing the concept-relationship pair. This process 

is mentioned in the steps three and four of the OOTD. In steps five and six, the next level 

of concept-relationship pairs are identified and new paragraphs are added. This process is 

repeated until the highest level of abstraction is reached and the concepts in the paragraph 

cannot be decomposed further. 

The above stages in OOTD are shown with the help of a sample tutorial [101. This 

tutorial is targeted at students who are new to the United States of America. It will help 

them gain knowledge about the physical, geographical and administrative aspects of 

United States of America. The first stage is stating the main concept of tutorial. 
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The United States of America is situated in the continent of North 

America and is the world's most powerful democratic country. 

In the second stage the main concept of stage one is expanded into a paragraph 

while maintaining the focus on the main concept of the tutorial. The user has to focus on 

the main concepts of the paragraph and maintain the relationship between the thesis 

statement and the concepts in the paragraph. This helps in maintaining the continuity and 

cohesion in the hypertext system. 

The U.S. of A geographically lies between Canada and Mexico in the 

continent of North America. It has a very powerful economy and its 

people are a mixture of many different nationalities and religions. 

The President heads the democratic administration. 

In stage three the key concepts in the paragraph are identified and step four the 

relationships between the new concepts and the paragraph theme are identified. 

The key concepts in this case are as follows. 

CONCEPT 
Geographically 
Economy 
People 
Administration 

RELATIONSHIP 
situated in 
is powerful 
are varied 
of the country 
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The next paragraphs are built on the theme based on the concept-relationship pairs. 

Stage one to five is repeated for each concept relationship pair. This process is done until 

a paragraph of a node cannot be further decomposed. The complete decomposition of the 

subject tutorial is given in Appendix A. 

3.1.2 Specification Stage 

After the content of the instmctional system is developed and approved, the 

specification document with a detailed design of the system is prepared. In this stage the 

system layout and any images or video to be included in the tutorial are acquired. Also 

stage the system navigational stmcture should be decided. The hierarchy should be 

shallow and wide, rather than narrow and deep. This facilitates traversing to a desired 

node quickly via multiple hyperlink paths through the tutorial. 

The system graph of the nodes after the OOTD process for the sample tutorial is 

given in the Figure 3.1. The nodes are numbered zero through twenty-four, with zero 

being the first node that contains the main concept or the thesis statement of the tutorial. 

The next step is to divide the nodes into concept groups. Nodes in a concept group are 

related into each other in subject matter and can be considered as conceptual islands. A 

node must not be a member of two concept groups. 

The next step is to link the nodes. The order in which the links are constmcted decide 

the navigational stmcture of the tutorial. The general mle applied is that nodes in a 
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concept group should be highly connected. Once all the nodes are connected the nodal 

metrics are calculated. 

Figure 3.1. OOTD 
graph for the sample 

tutorial 
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Metrics help to investigate the properties of the nodes and validate the stmcture of 

the presentation. Important nodes should have high connectivity and should be easily 

accessible to the user. 

3.1.3 Implementation Stage 

In this stage the system specification is actually implemented. After the subject 

matter is obtained in the form it is to be presented, the actual interface layout is decided. 

3.1.3.1 Text to Hypertext Conversion 

The text to hypertext conversion is delayed until the implementation stage to 

delay the imposition of stmcture on the tutorial. The nodes are enriched with multimedia 

objects like images and video. 

The following points should be noted while composing the text for the nodes. 

1. Use simple wording. 

2. Avoid sentences over 25-30 words. 

3. Try to keep the complete contents of the node on a single screen. 

4. Use active rather than passive speech. 

5. Have the description sequence in a sentence to match the temporal sequence 

of the events being described. 

6. Use graphs to present qualitative data and tables to show quantitative data. 
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3.1.3.2 Screen Design: 

Screen design also plays an important role to improve the clarity of the presentation. 

The screen is divided into many functional areas, each having a well-defined 

functionality. The functional areas are the text information, navigational, multimedia, 

title, command and message areas. A sample screen is shown below. 

Title Area 

Command Area 

Navigational Area 

Text Information Area 

Message Area 

Multimedia Area 

Figure 3.2 Sample Screen 

Graphics can be used wherever possible to explain difficult concepts. The screen should 

not be very colorful which will distract the user. It is always better to use a light color 
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background and dark text. A simple design ensures that the tutorial is clear and easy to 

follow. Size of the images should be small and the user must not scroll to view the image. 

3.2 Evaluation 

After the implementation stage, evaluating the stmcture of the system is important. 

Metrics can be used to validate the stmcture of the tutorial and the properties of the 

nodes. The basic idea is that the key nodes should have a high connectivity. The overall 

stmcture should be well connected and there should be a definite order in which the 

nodes are to be read. Two types of metrics are used here. They are the nodal metrics and 

the global metrics. 

3.2.1 Nodal Metrics 

In this case, a converted distance matrix (CDM) was created, which shows the 

distance between the nodes in terms of links. If two nodes are not connected in any way 

then the distance between them in the CDM matrix is set to K, where K is the total 

number of nodes in the tutorial or presentation [111. This artificial number is called the 

conversion constant. It allows avoiding the usage of infinite values if two nodes are not 

connected. 

3.2.1.1 Centrality 

After the distance between the nodes is calculated, each node's centrality in the 

tutorial can be calculated. Centrality is a measure of connectivity of a node. It is 
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computed by counting the number of links into and out of a node [111. The links counted 

are only the hierarchical links. The centrality gives a feel of the connectivity between the 

nodes. 

3.2.1.2 Relative Out Centrality 

To calculate the centrality of a node, the relative out centrality (ROC) must be 

calculated. Relative out centrality is the measure of the node's centrality normalized to 

the size of the tutorial. Normalization helps compare two hypertext tutorials of unequal 

size. A node is more central if the ROC is higher [11]. So key nodes in the tutorial should 

have high ROC. 
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Figure 3.3 Example Hyperweb and Converted Distance Matrix 
[9],p.81 

To compute the ROC, the Converted Out Distance (COD) of each node is calculated 

by summing the rows of the CDM. The next step is to calculate the Converted Distance 
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(CD) of the tutorial. This is the sum of all the rows and columns of the CDM. The 

ROC(X) is then calculated by dividing the CD by the COD of X. 

COD{X) = ^yZxy (3.1): Converted Out Distance 

<̂ D = ^ ^ ^ Zry (3.2): Converted Distance 

ROC{X) = CD/COD{X) (3.3): Relative Out Centrality 

3.2.2 Global Metrics 

The first global metric is called compactness. It indicates the ease with which one 

node can be reached from another. It reflects the amount of cross-referencing in a 

hyperweb tutorial. A high compactness indicates a highly interconnected web of nodes 

but it may also be a poor overall stmcture with too many links. Compactness is a relative 

measure of the overall stmcture whereas centrality measures the connectivity of a single 

node. The value of compactness varies between 0 and 1. 0 is for completely disconnected 

and 1 for completely interconnected. The user has to first calculate the maximum and 

minimum possible values in the CDM. The formulae are given by equations 3.4 and 3.5. 

Given: 

N = number of nodes in the hyperweb tutorial 

K = conversion constant = n 

MAX = (n^ - n) K (3.4): Maximum possible CDM value 
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^"^^^ - (" - ") (3.5): Minimum possible CDM value 

Cp = (MAX - 5^^ ^^Zxy)/ (MAX - MIN) (3.6): Compactness 

The compactness for the CDM in Figure 3.3 where K = n = 6 and Zij = CD = 84 

Cp = 0.64 

The next global metric is the stratum. It is a measure of the order or linearity of the 

hypertext. A purely linear hypertext has a stratum of one. This indicates that the hypertext 

has a distinct start point and a distinct end point. If the stratum is zero, it means that the 

presentation can be viewed from any one of the nodes in the application. 

The absolute prestige and the linear absolute prestige need to be calculated to obtain the 

stratum. The absolute prestige and the linear absolute prestige are both a measure of the 

linearity of the hypertext. Prestige of a node can be defined as the difference between the 

number of links out of a node and the number of links into the same node. It can be 

calculated using a distance matrix. A distance matrix is the same as a converted distance 

matrix, except that the conversion constant K is now equal to infinity instead of a finite 

number. The prestige of a node is the difference between a node's out distance, the sum 

of the number of links exiting a node or the sum of a node's row in the Distance Matrix, 

and the distance or the sum of the row's column in the Distance Matrix. Prestige can also 

be viewed as the difference between the numbers of nodes influenced by a node and the 

number of nodes that influence the same node. A sample hypertext presentation and a 

distance matrix are shown is Figure 3.4. 
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The absolute prestige of the hypertext is the sum of the absolute values of all the 

individual node's prestige. The linear absolute prestige (LAP) is a comparative measure 

of the absolute prestige of a completely linear hyperweb of the same number of nodes as 

the hyperweb under consideration. It can be calculated using the below equation. 

LAP = n^/4 if n is even; 

Or (n^ - n)/4 if n is odd. 

The stratum of the hyperweb is then computed using the below equation 

Stratum = absolute prestige /LAP. 

From the sample distance matrix (Figure 3.4) the stratum is 0.48. 

The stratum varies from zero to one. 

Typically a high compactness leads to low stratum values. That means if the hyperweb is 

highly interconnected, then the user can enter from any node and get to all the nodes very 

easily as all nodes are linked to each other. 
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3.3 Summary 

This chapter focuses on the design methodology used to create the hypermedia 

application. It talks about the requirement, specification, and implementation stage of the 

design process. After the design stage, it talks about the evaluation stage of the 

hypermedia application. In the evaluation stage, nodal and gloabal metrics are applied to 

evaluate the stmcture of the hypermedia application. The theory behind the metrics 

applied is also discussed in this chapter. 
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CHAPTER IV 

DEVELOPMENT OF THE OOTD TOOL 

The OOTD process detailed in the previous chapter is actually implemented using a 

software tool specially designed for the process. This chapter details the development of 

the software tool. The tool is developed using the linear sequential model for software 

engineering also called the waterfall model. This is a systematic, sequential approach to 

software development that begins at the system level and progresses through analysis, 

design, coding, testing and maintenance. The process through the above stages of 

development is described in this chapter. 

4.1 Software Requirement Analysis 

This is the requirement gathering process where the focus is mainly on the software. 

There should be a good understanding of the information domain for the software and 

also the required function, behavior, interface and performance. By information domain 

we mean the data that is accepted, manipulated, and stored or displayed by the software. 

Each page in the tutorial can be seen as a node in the graph. In this application, the node 

is the basic and important object for information. Some of the other objects of 

information content are the test nodes, the review nodes, and the multimedia objects, like 

images and video. The content of each node is the input given by the user during the 

OOTD process. The next aspects are the functions this program should implement. 

The tool developed should have the following functionalities: 
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1. It should get the input from the user. This will include the name of the tutorial, the 

information for each node of the tutorial and also the concept-relationship pairs in 

each paragraph. 

2. It should display the preliminary graph obtained after the OOTD process. 

3. It should allow the user to add a new concept-relationship pair to a node selected by 

the user after the OOTD process has been completed. This is used to derive a new 

node from the selected node. 

4. Addition of the navigational links between the nodes should be provided. 

5. Deletion of a link existing between two nodes should be provided. 

6. Addition of an image or a video to a node should be provided. 

7. It should allow the user to insert test nodes. 

8. It should allow the user to insert review nodes. 

9. Once the linking process is complete, it should generate the HTML files and display 

them in a browser. 

10. There should be provision for navigation between the HTML files created. 

11. It should allow the user to view the history of all the nodes visited by the user. 

12. The user must have access to an active reference mechanism. This will give the exact 

location of the user in the hyper web. 

13. Metrics relating to the links between the nodes should be calculated. This will help in 

improving the overall stmcture of the tutorial. 

14. A standard help feature should be provided. This feature will assist the user whenever 

the user needs any help. 
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The interface for the program should be very user friendly and should not confuse or 

mislead the user. 

4.2 Design 

The four distinct attributes of a program are discussed here. They are the data 

stmcture, software architecture, interface representations, and procedural or algorithmic 

detail. 

4.2.1 Software Architecture 

The object-oriented approach is used in the design and development of the program. 

The target platform for the program is the Windows 95 or Windows NT 4.0. The tool 

used for developed is Microsoft Visual Studio 97. The program is developed using the 

C-i- + language and Microsoft Foundation classes (MFC). The application is a MFC based 

Single Document Interface (SDI) application. The main classes, which are the framework 

of the application, are CprogramOView, CprogramODoc and Mainfrm. The other 

important classes present in the application are listed below. 

1. Cnode: This is the class that holds the information contained in each node. The main 

attributes of the node are the node name, node descriptor, and node content. It should 

also holds information pertaining to the node id, its children nodes, its concept-

relationship pairs, and also information about any images or video present. 
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2. Cnodelist: This class is the used to maintain the data stmcture of the nodes present 

and it also keeps count of the total number of nodes. 

3. Cwebbrowser2: This is actually a wrapper class for the web browser ActiveX control 

used to display the HTML files created. 

4. CprogramOview: This class is the actual controller of the application. This class 

responds to the user menu commands and builds the complete tutorial. It has many 

dialog classes, which it uses to accept input from the user. It takes care of the 

hyperlinks between the nodes and also the metrics involved. 

5. Cnamedialog: This class is used to accept the name of the tutorial from the user. 

6. Cdialogconcept: This class displays the content of a node and accepts the concept-

relationship pair related to that information. 

7. Cinputdialog: This helps the user to link two nodes together. 

8. Cparadialog: The user enters the node content, name and descriptor using this class. 

9. Csingleline: This class is used to implement the first two steps of the OOTD process, 

the main concept of the tutorial and its expansion into a paragraph. 

10. Cexpanddialog: After the completion of the OOTD process, this class acts as the 

menu for the user. It helps the user to expand a node, delete a node, add a link, delete 

a link, insert a test node, and insert an image or video into a node. 

11. Ccongroups: This class is used to accept information about the concept groups in the 

tutorial. 

12. Cqadialog: This class is used to accept information about the test node. The user can 

enter question and answer pairs using this class. 
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13. Ctest: This class is used to display the test node information to the user. The question 

and answer pairs are displayed to the user and the user selects the correct answer. 

14. CmeticDialog: This class is used to display information about the global metrics of 

the presentation. 

15. Crpair: This class is used to store information about the concept-relationship pairs. 

16. Cnodeattach: This holds information about any images or video present in the 

tutorial. 

17. Crectangle: This is used to store the co-ordinates of the nodes on the display. This 

helps in displaying the graph with all the nodes. 

18. Cquestion: This class is responsible for storing the information about a question. So it 

basically holds a question, its answer choices and the correct answer. 

19. CquestionSet: This is responsible for holding together all the questions that belong to 

a particular test node. It acts as a linked list of all the test nodes in the presentation. 

Among the above classes, five to fourteen are derived from Cdialog class and are part of 

the user interface of the application. 
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4.2.2 Data Structure and Procedural Detail 

In this application a particular node can have an indefinite number of child nodes. 

So the data stmcture resembles a tree. To achieve this the kind of data stmcture, each 

node has pointers to its first child and to its immediate sibling. This gives us a two-

dimensional data stmcture. Each node also has to hold an indefinite number of concept-

relationship pairs. So each node also has a pointer to a linked list of concept-relationship 

pairs. It is the same case with attachments like images or video in a node. The links 

between nodes are stored in a two dimensional array. 

A recursive algorithm is used to build the nodes in the tutorial. Once the user 

starts a new presentation, he/she is guided through the complete OOTD process. The user 

has to input the node content, node name and node descriptor. Then the user is prompted 

for the concept-relationship pairs. The concept-relationship pairs should be consistent 

with the content of the node. This implies that the user must use at least one word that is 

present in one of the paragraphs of the node or an error message is displayed. This 

process of decomposition is continued to an extent where it cannot be further 

decomposed. 

Once the text decomposition process is complete, the user has to link the nodes 

together, thus creating the navigational stmcture of the tutorial. The hierarchy of the 

tutorial should be shallow, thus enabling the user to traverse to a node quickly via 

multiple hypertext paths. The program should warn the user if any node is not connected 

to the rest of the tutorial. For each node present in the tutorial, an html file is created. The 
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links between the nodes are displayed using a links box above the browser control. The 

links box is a drag and drop list box. The user is given the freedom to go back to the main 

page at any time in the tutorial. 

The user can view the history that shows all the pages visited. The user can also 

use the active reference to travel to any node. 

4.2.3 User Interface 

The user interface of the program should be simple and easy for the user to use. 

Some of the important screens in the program are shown below. The screen in Figure 4.2 

is used to enter the main concept and the first level paragraph of the tutorial. The user is 

prompted to enter the main concept first and then the expanded first level paragraph. 
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File Edit View Command Help 
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High Level Paragraph 

Ready NUM A 

Figure 4.2 User Screen 1 

Main Concept Dialog 
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The next screen in Figure 4.3 is used to enter the concept-relationship pairs of a 

paragraph. The concept-relationship pair should be consistent with the paragraph 

displayed in the dialog box. The user can use the next button to enter the next concept-

relationship pair or the finish button to end. 

File Edit View Command JHelp 

r 
Concept-Relationship Pairs 

Information in the node 

This is a sample 

Concept- Relationship Pair 

Concept |l Relationship 

Select Next to enter the next Concept Relationship pair or Finish if you are done with 

Next 

Reac^ 

Finish Help 

'NUM 

Figure 4.3 User Screen 2 

Concept-Relationship Dialog 
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In the screen below the user enters the information pertaining to a node (Fig. 4.4). 

Both the node name and descriptor should be provided, as they will be used later for 

navigational purposes. 
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Figure 4.4 User Screen 3 
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Once the OOTD process is complete and the program displays the nodes on the 

screen, the user can double click on any node he/she wants to operate, and can select an 

option provided in the dialog box. The text in the node and also the links to the other 

nodes from that node are displayed (Fig. 4.5). 

fiĴ > Unttt}8idl - progyr^O 

Fte Edt View Ccmmand Help 
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D 1^ 

, 

Ready 

Node Operations 

This is a sample ~B 
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linked to nodes: None 

There are no Questions 
after this Node 

Node Name: first 

Node Descrption: High Level Thesis Statement 

Expand Delete I Insert image or Movie Cancel | 

Add Link Delete Link Insert Test Node Help 

Figure 4.5 User Screen 4 

Node Operations Dialog 

NUM 
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The next screen is displayed when the user selects to enter a test node in a node (Fig. 

4/6). The user needs to enter the question and answers and also the correct answer. He 

can use the next button to enter another question or exit to quit from the test node 

process. The user can insert a test node in any node he/she wants to. During the 

presentation, the test node will be displayed when the user moves from the node that 

contains the test node to a different node. This way the user will not be able to avoid the 

test node. 

File Edit View Command Help 
mm 

Reat^ 

Question Answer Input 

NUM 

Figure 4.6 User Screen 5 

Test Node Dialog 
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This screen displays the html files created for each node (Fig. 4.7). The arrow 

pointing downward in the top right hand comer of the client area (the white area) is the 

links box. Clicking on it, the user can sees the options available to navigate to the other 

nodes. 

{ ^ Untitled - programO 

File Edit View Command Jielp 
H0E3 

[High Level Thesis Statement 

iHiqh Level Thesis Statement 
3 

Figure 4.7 User Screen 6 

Hyperlinks Screen 
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The next screen shows the active reference display (Fig. 4.8). This allows the user to 

know where he/she is in the tutorial and helps him/her navigate to any node he/she wants 

,P» Untitled - programO 

File Edit View Command Help 

r 

[UnlE] 

Ready NUM 

to. 

Figure 4.8 User Screen 7 

Active Reference Screen 
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The screen below displays the history of the presentation (Fig. 4.9). It displays the 

nodes the user has already visited and each line is an entry in the history. The node 

descriptors of each node are displayed here. The user can double click on any entry to 

navigate to that node. 

^V Untitled - programO 
Re £dit View Command Help 

Dli^jyl: 

311x1 

People are varied 
Economy of USA 
Geographical features of USA 
High Level Thesis Statement 
Thesis Statement 
White people in USA 
People are varied 
Economy of USA 
Geographical features of USA 
High Level Thesis Statement 
Thesis Statement 
High Level Thesis Statement 
Thesis Statement 
Thesis Statement 
Thesis Statement 
High Level Thesis Statement 
Thesis Statement 

Ready NUM I 

Figure 4.9 User Screen 8 

History Screen 
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In the screen below the user is prompted to enter the concept groups in the tutorial (Fig. 

4.10). The concepts groups already present in the tutorial along with the nodes present in 

each group are displayed in the dialog box. The user should not include the same node in 

two different concept groups. 

File Edit View Comrnarid Help 

D M y 

PTSPI 

Ready 

Concept Groups 

Nodes in Concept Group 1 : 1,2,3,4,5, 

JEnter the nodes to be placed in a single conceptual group seperated h^ commas. 

OK Cancel Help 

NUM : /: 

Figure 4.10 User Screen 9 

Concept Groups Dialog 
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4.3 Implementation and Testing 

The program is developed on a Windows NT 4.0 machine using Visual Studio 97. 

The code generation is done mechanically after the detailed design. First the functions 

that accomplish this are developed. In the next stage the functions that take care of 

displaying the nodes on the screen are developed. Once the nodes are displayed functions 

that take care of the adding and deleting the links between the nodes are completed. Next 

if all the nodes are linked correctly then functions that create the html files are 

implemented. 

Once the code is generated the program is tested. Focus is on the logical intemals 

of the code, making sure that all statements have been tested and also on the functional 

externals, which helps to detect errors and ensure that the defined input will yield the 

required results. 

4.4 Summary 

This chapter focuses on the development of the tool. It details the software 

requirement analysis, design, implementation and testing process. The design process 

consists of the software architecture, data stmcture, procedural detail, and user interface. 
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CHAPTER V 

RESULTS 

5.1 Software Tool 

The software tool was developed using the classic waterfall model of software 

engineering. All the requirements for developing the tool were gathered during the 

analysis phase. This leads to a good understanding about the information domain of the 

application. Standards were set for the input expected by the application and the output 

generated by it. The tasks performed by the application were clearly identified. 

In the design stage, the logic required to create the application was identified. The 

data stmcture that encapsulates all the data being input was finalized. The various screens 

in the application were designed. Emphasis was on the user friendliness of using these 

screens. All the classes required implementing the user interface and processing the data 

were identified. 

Once the design phase was complete, the actual coding commenced. All classes were 

well stmctured and followed the object-oriented style of programming. The code was 

well documented, this helps in understanding what the code does and thus also helps in 

the maintenance of the application. All the requirements set during the analysis and 

design phase were met successfully by the application. 

As the application was being developed, the application was subject to white box 

testing. Each function or method was tested to see if it performs in the desired way. Once 
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the application was complete, it was subjected to black box testing where all the 

functionalities of the application were tested. 

5.2 Creation of the Sample Presentation 

The tool built was used to create a sample presentation. The presentation was built 

based on the concepts of OOTD. The topic of the presentation is the United States of 

America. This presentation is targeted towards people who want to learn about the United 

States of America. All the subject matter required for the presentation was collected and 

decomposed using the OOTD process. The process of decomposition is detailed in 

Appendix A. 

The user then initiates the process of creating a new presentation in the tool. The tool 

then guides the user in creating the presentation from the data collected. In this 

presentation a total of twenty-five nodes were created. The user then constructs the 

navigational stmcture of presentation by linking the nodes to each other. The entry point 

in the presentation is always node zero. The next step is to add the multimedia content to 

the appropriate nodes. GIF or JPEG images or avi movies can be added. 

Test nodes can be created wherever applicable. Each test node can contain one or 

more questions and is associated with a particular node in the application. In the sample 

application two test nodes were created. The first one contains four questions and is 

associated with node nine. The other test node has a single question and is associated 

with node twenty. When viewing the application the user is presented with a test as 

he/she navigates from node nine or node twenty. The next step is to create the concept 
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groups in the application. A total of four concept groups were created. An important point 

to be noted is that a node cannot be part of more than one concept group. 

The user is now ready to view the presentation. The information in the nodes was 

converted into html documents and these are displayed to the user. The user was able to 

navigate through the presentation using the links in the list box on the top. The active 

reference and the history feature worked as expected. 

5.3 Metrics 

Nodal metrics were applied on the presentation. The distance matrix was created. 

The global metrics of compactness and stratum were calculated. Appendix B has the 

distance matrix for the application created. 

The stratum is 0.437 and the compactness is 0.488. The moderate compactness value 

suggests that the hyper web presentation is moderately interconnected with a good overall 

stmcture. The moderate stratum value indicates that the presentation has a very definite 

start point and end point with out the presentation being too linear. 

5.4 Future Research 

The Internet is growing rapidly. People from all comers of the worid are working 

with each other through the Intemet. They share enormous amounts of data between 

them. Information is going to be all powerful and in heavy demand. With so much 

information residing on the web, there definitely is a need for a common platform of 

sharing information. We lack that kind of common platform as of today. So it is 
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important for hypermedia researchers to work together in defining a standard protocol for 

communication on the Intemet. Vendors can then use the protocol to develop better tools 

for creating hypermedia applications. 

The other area hypermedia can help is education. Some people find it difficult to 

acquire quality education. Geographic, financial and domestic situations are definitely 

some of the valid reasons. Hypermedia applications can be used to tackle these tough 

situations. In the near future people all around the worid will have access to the Intemet. 

Educational institutions can use hypermedia applications to reach out to people outside 

their conventional audience. Although online courses are being offered in many 

universities, they are not yet very popular. This can be attributed to the lack of security in 

hypermedia applications over the web. Researches need to concentrate on embedding 

foolproof security mechanisms into hypermedia applications. 

5.5 Conclusion 

The hypermedia design methodology outlined in the thesis is a simple and efficient 

way to create hypermedia applications. The thesis takes the methodology developed by 

William J. Adams [9] as the initial step towards a better hypermedia design methodology. 

It enhances that methodology by adding more user-friendly features to it. Active 

Reference and History Viewer are some of the functionalities added. 

This methodology was automated as part of the thesis. The tool helps the creation of 

hypermedia application to be less cumbersome. The tool has a simple user interface 

which makes it easier for the user to work on. The tools not only takes care of the text 
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decomposition process but also helps the user create the navigational stmcture of the 

application developed. The hypermedia application developed has a standard user 

interface. This helps the user to concentrate on the information in the application. 

Because the tool displays the stmcture of the application created in graphical form, it is 

easier for the user to get a complete view of the application and helps him/her locate 

his/her position in the application. The inclusion of test nodes in the application helps the 

user to interact with the application and the information in the application. This kind of 

feedback helps the student monitor his/her progress on the subject matter of the 

application. It also helps educators organize the subject matter better. 

The tool applies metrics on the stmcture of the hypermedia application. These 

metrics relate directly to the overall structure of the application. The creators can change 

the navigational stmcture of the application depending on the values of these metrics. 

In conclusion, the work in the thesis is an initial step in creating tools that can be 

used to create efficient hypermedia applications. With the exponential growth of the 

Intemet, there is a heavy demand and need for better hypermedia solutions. More 

research has to be done on defining a standard methodology for designing hypermedia 

applications. 
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CHAPTER VI 

USER MANUAL 

This chapter helps the user in using the software tool developed to build a tutorial. 

Using screen shots of the tool, the complete process is explained step by step. Before the 

user starts the tool, all the material required for the tutorial along with the multimedia 

items like images and video are collected. The user should be able to decompose the 

knowledge base into concept-relationship pairs. The basic idea is to increase the level of 

abstraction as the user travels deeper into the decomposition process. The usage of the 

tool is shown below step by step 
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1. The first screen shows the initial view of the program when the user starts the 

program (Fig. 6.1). The menu bar has the file, edit, view and help menu. The file 

menu has the new presentation, open, save, and exit options. The edit menu has the 

cut, copy, and paste options for text. The view menu has the toolbar, status bar, 

history and active reference, and metrics options. The command menu has the view 

presentation and the concept groups options. The help menu has the about option. The 

^^ Untitled - programO 

File Edft View Command Help 
ZME\ 

NUM 

Figure 6.1 User Screen 1 

Application Main Screen 
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user can select either to start a new presentation or open an existing presentation from 

the file menu. 

2. In this screen the user selects the new presentation option in the file menu (Fig. 6.2). 

The program prompts the user for the name of the presentation. The name should be a 

single word less than or equal to eight characters. The presentation data files will be 

stored in the directory where the program is located. A directory, with the name of the 

presentation the user provided is created. The user must not change the directory 

contents. 

file Edit View Corrimand Help 

Ready 

BSB 

NUM : 

Figure 6.2 User Screen 2 

Presentation Name Dialog 
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3. In screen 3, the user is prompted to enter the main concept of the tutorial or 

presentation. The user clicks the OK button and this leads to screen 4 (Fig. 6.3). 
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Figure 6.3 User Screen 3 

Application Message 

58 



4. In screen 4, a dialog box with a text input box is provided for the user (Fig. 6.4). The 

user enters the main concept of the presentation in a single paragraph. It is advised to 

keep the paragraph as short and simple as possible according to the OOTD process. 

The user selects the OK button to proceed to the next stage. The user has to finish the 

OOTD process to return back to the main application. If the user selects the cancel 

button , the application will be terminated. 
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Figure 6.4 User Screen 4 

Main Concept Dialog 
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5. Screen 5 prompts the user to expand the main concept into a high-level paragraph. 

The user proceeds to the entry screen for the first high-level paragraph of the 

presentation (Fig. 6.5). 
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Figure 6.5 User Screen 5 

Application Message 
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6. Screen 6 is similar to screen 4 but the user enters the expanded paragraph of the main 

concept (Fig. 6.6). It is advised to limit the input here to one paragraph without going 

into the intricate details of the presentation immediately. The user selects the OK 

button to proceed to the next stage. 
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Figure 6.6 User Screen 6 

High Level Expanded Paragraph Dialog 
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7. In screen 7 the user is asked to enter the concept-relationship pairs (Fig. 6.7). The 

paragraph for which the user has to constmct the concept-relationship pairs is 

displayed in a text box. This text box cannot be edited. The user has to enter a 

concept-relationship pair that is consistent with paragraph displayed. This implies that 

at least one word in the concept-relationship pair should be present in the paragraph 

or paragraphs displayed above. For each concept-relationship pair a new node or page 

is created. The user selects next to enter the next concept-relationship pair. If the user 

is done with entering the concept-relationship pairs, then the finish button is chosen. 

A point to be noted is that if the user has entered a concept-relationship pair and 

selects finish, that pair is accepted as valid input. So the concept and relationship text 

boxes should be empty when the user selects the finish button. 
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8. Screen 8 is used to input information about a single node (Fig. 6.8). The user has to 

input the node information for every concept-relationship pair of the parent node. It 

has text boxes for the node information paragraph, the node name and the node 

descriptor. The node name should be a single word. The concept-relationship pair is 

displayed above the main text box. This will help the user know which node he/she is 

expanding. After the user enters all the information required, he/she is again 

prompted to enter the concept-relationship pairs of the node he/she just created. This 

means that the user continues decomposing a node until it can no longer be 

decomposed. At that point the user creates nodes that are siblings of the present node 

if the siblings exist. Otherwise he/she retums to the previous level. Here they will 

start creating nodes for the next concept-relationship pair if present. If not the user 

retums to the previous level and repeats the above process. So the user is in a 

recursive loop and exits the process after all the nodes have been created and they can 

no longer be decomposed. 
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9. So once the OOTD process is complete the user retums to the main application 

window. The nodes are displayed as a tree on the screen with the solid lines linking 

the child nodes with their parent nodes. This is displayed in screen 9 (Fig. 6.9). 
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Figure 6. 9 User Screen 9 

Nodes - Graph Screen 
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10. After the graph is displayed on the screen, the next step is to add links between the 

nodes, insert an image or a movie, insert a review node, or expand a node (Fig. 6.10). 

Adding the links will create the navigational stmcture of the presentation. The user 

can double click the left mouse button on a node to link it to any other node. This will 

lead to screen 10. The user can choose any of the options. Before viewing the 

presentation, the user has to make sure that all the nodes are connected and there is no 

node lying unconnected to the rest of the presentation. 
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Figure 6.10 User Screen 10 

Node Operations Dialog 
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11. If the user chooses the expand option in the dialog box of screen 10, then screen 11 is 

displayed (Fig. 6.11). This will allow the user to add to the already present set of 

concept-relationship pairs. After the user completes expanding the new node and its 

children, if they exist, the graph is then redrawn to show the new nodes. 
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Figure 6.11 User Screen 11 

Expand Node Dialog 

68 



12. If the user chooses the insert an image or a movie option, it leads the user to screen 12 

(Fig. 6.12). Here the user has the option of choosing gif or jpeg image files. The video 

files allowed in this program are avi files only. So the user has to convert the files to 

the above formats. The size of the image file should be optimized so that it fits on the 

screen without the user having to scroll down or sideways to view it completely. 
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Figure 6.12 User Screen 12 

Node Attachment Dialog 
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13. If the user chooses the insert test node option then screen 13 is displayed (Fig. 6.13). 

The user has to enter the question and the list of choices. The correct answer should 

also be entered. Each node can include a test node. But it is better to have one or just 

a couple of test nodes. Each test node can contain one or more questions. The test 

node is displayed when the user viewing the presentation leaves a node that contains a 

test node. The user can take the test in order to navigate to the node he selected or 

choose to skip it. 

fl • ^ • f f ^ * 1 " r •^vv-" ' * ^ •^ 

File Edit View Command He^j 

t-nafxf 

Ready 

Question Answer Input 

Please enter the question in the box below 

i N o l 

Enter Answer No 2 

Enter Answer No 3 

.EnterArtswet No4 

Please entei the IQ 
conect answer no 

Save 1 Exit | 

Help 1 

3 - 2 4 

NUM 

Figure 6.13 User Screen 13 
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14. If the user selects to add a link or delete link option in screen 9, a dialog box with an 

input field for the node number is displayed. This is shown in screen 14 (Fig. 6.14). 

The dialog box of screen 9 also has information about the nodes to which the current 

selected node is already linked. This helps the user in entering the correct node 

number in screen 14. The link is immediately displayed on the graph. 
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Figure 6.14 User Screen 14 
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15. If the user selects the "concept group" option in the conmiand menu, then screen 15 is 

displayed (Fig. 6.15). The dialog box that appears here has information about the 

concept groups if they are already present. A node cannot be part of two concept 

groups. 
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16. The next step for the user is to create the HTML files. This is done only after all the 

nodes are connected to each other. If not, the program displays an error message and 

lists the nodes that are not connected to the rest of the presentation. Node 0, which 

states the main concept of the presentation, will always be the starting point of the 

presentation. The user has to constmct the links so that any node can be reached from 

anywhere in the presentation very quickly. The user can view the presentation by 

selecting the view presentation menu item on the command menu. This will display 

screen 16 (Fig. 6.16). In screen 16, the client area of the program is divided into two 

parts. The upper white thin strip with a downward pointing arrow to the right hand 

comer is the links box. It is a drop down list box, which drops down if the user clicks 

on the arrow. It lists all the links that exist from the node currently displayed in the 

browser. The browser occupies the rest of the client area below the links box and 

displays the content of each node. The content changes as the user selects a node in 

the links box. The user can retum to the main page, node 0, anytime. 
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17. The next screen is displayed if the user selects the history item in the view menu (Fig. 

6.17). This displays the list of all the nodes the user has visited. The page descriptor 

of each node visited is displayed in history. The user can travel to that node by double 

clicking on that line of text. 
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Figure 6.17 User Screen 17 

History Screen 
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18. The user can view the active reference by selecting the active reference item in the 

view menu (Fig. 6.18). Screen 18 is the display. The user can go to any node he/she 

wants to by double clicking the left mouse button. The node that is currently being 

viewed is displayed with a red dot on top of the node. 
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19. If the user is satisfied with the presentation he/she can save the presentation and exit 

the program. The program can open only one presentation at any time. So the user has 

to exit and then reopen the application if he/she wants to view a different 

presentation. If the user wants to open an existing presentation, then the open item in 

the file menu is selected. This leads to screen 19 (Fig. 6.19). The user should travel to 

the directory with the name of the presentation and open the file with the extension 

hpt as in usa.hpt. The graph with the nodes is displayed on the screen and the user can 

edit the presentation. The user can modify links, add test or review nodes, expand a 

node and insert images or video. The presentation can be recreated and viewed as 

done before in step 16. 
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APPENDIX A 

OBJECT ORIENTED TEXT DECOMPOSITION 

SAMPLE PRESENTATION 

The subject matter for this sample application was obtained from Encyclopedia 

Americana [101. 

Thesis Statement: 

The United States of America is situated in the continent of North America and is the 

world's most powerful democratic country. 

The expanded paragraph is built on the main thesis statement. 

Expanded high level thesis statement: 

The United States of America geographically lies between Canada and Mexico in the 

continent of North America. It has a very powerful economy and its people are a mixture 

of many different nationalities and religions. The President heads the democratic 

administration. 

CONCEPT 
Geographically 
Economy 
People 
Administration 

RELATIONSHIP 
situated in 
is powerful 
are varied 
of the country 
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Subparagraph Geographicallv situated in: 

The United States of America ranks fourth in area among the countries of the world. It 

has 50 States and the District of Columbia. At the most elementary physciographic level, 

the continental states can be divided into 3 areas. 

CONCEPT 
States 
Physciographic 

RELATIONSHIP 
of USA 
features 

Subparagraph States of USA: 

Out of the 50 States, the 48 states that extend from Canada on the North to Mexico on the 

South are called the conterminous states. They stretch across the full 3000-mile width of 

North America, from the Adantic in the East to the Pacific in the West. They account for 

one third of the continent. Alaska, separated from the conterminous states by the 

Canadian province of British Columbia, occupies the northwestern comer of the 

continent. Hawaii is the only non-continental state and the only Island State, lies in the 

East central Pacific Ocean. 

CONCEPT 
Conterminous 

RELATIONSHIP 
States 
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Subparagraph Conterminous states: 

Of the Conterminous states, Texas is the largest state and Rhode Island is the smallest 

state. California is the most populous state and Wyoming the least populated. The 

country can be broadly divided into 7 regions. 

CONCEPT RELATIONSHIP 

States divided into 

Subparagraph States divided into: 

The Seven divisions and the states in each division are as follows: 

1. New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, 

Vermont. 

2. Middle Atlantic Region: Delaware, District of Columbia, Maryland, New Jersey, 

New York, Pennsylvania. 

3. The South: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, 

North Carolina, South Carolina, Tennessee, Virginia, West Virginia. 

4. The Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, 

Nebraska, North Dakota, Ohio, South Dakota, Wisconsin. 

5. The Southwest: Arizona, New Mexico, Oklahoma, Texas. 

6. The Mountain Region: Colorado, Idaho, Montana, Nevada, Utah, Wyoming. 

7. The Pacific Coast: Alaska, Califomia, Hawaii, Oregon, and Washington. 

83 



Subparagraph Phvsciographic features: 

On each side of the continent and roughly parallel to the ocean coastlines, lies a 

prominent belt of highlands. The broad Western belt, the Eastem portion of which 

contains the U.S. portion of the Rocky Mountains, covers more than one third of the 

country. The Eastem belt is narrower, lower and smaller, consists of the Appalachian 

Mountain system. Between the highlands belts lies a vast lowland area. 

CONCEPT 
Westem belt 
Eastem belt 
Central belt 

RELATIONSHIP 
consists of 
consists of 
consists of 

Subparagraph Westem belt consists of: 

The Westem belt can be further divided into the following: 

1. The Rocky Mountain System: This is the eastem most unit of the broad highland belt 

that stretches the full length of Westem North America. 

2. The Intermountain Plateaus: These are slung between the Rocky Mountain system to 

the East and Pacific Mountain system to the west. 

3. The Pacific Mountain System: These extend the full length of the Pacific coast 

between Canadian and Mexican borders. 
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Subparagraph Eastem belt consists of: 

The Eastem belt can be further divided into the following: 

1. The Appalachian Highlands: This stretches some 1200 miles from Northem Maine to 

Central Alabama. 

2. The Coastal Plain: This is a broad lowland expanse that stretches more than 2000 

miles along the Atlantic and Gulf coasts from Massachusetts to Texas. 

Subparagraph Central belt consists of: 

The middle section of the country can be further divided into: 

1. The Interior Highlands: This is the second smallest division covering less than 

100,000 sq. miles consisting of the Ozark Plateaus in the North and the Owachita 

province in the south. 

2. The Interior Plains: This huge division spans the heartland of the United States from 

New York state to Montana and from Montana to Texas. 

3. The Superior Uplands: This is the smallest divisions of all, covering less than 75,000 

sq. miles around the head of Lake Superior in the states of Minnesota, Wisconsin, and 

Michigan. 

Subparagraph Economy is powerful: 

The United States is the worlds greatest Economy in terms of Gross National Product and 

among the greatest in terms of GNP per capita. The reason for a sound economy depends 

on a highly developed private enterprise and huge natural resources. The country has 
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very well defined sources of income. With only 5% of the World's population, the U.S. 

produces 20% of world's output of Coal, Copper, and Cmde Petroleum. 

CONCEPT 
Private enterprise 
Natural resources 
Income 

RELATIONSHIP 
well developed 
are huge 
has well defined sources 

Subparagraph Private enterprise well developed: 

The U.S. Government plays a small direct part in economic activity. It is restricted to 

agencies like the USPS, Nuclear Regulatory Commission, and Tennessee Valley 

Authority. Enterprises that are often mn by the govemment in other countries like 

Airlines and Telephone systems are mn privately in the U.S. The principal effect of the 

govemment traditionally has been the fostering of competition, then the enforcement of 

antitmst laws. The strong transportation sector helps in the improved trade within the 

country. 

CONCEPT RELATIONSHIP 
Transportation Sector helps trade 

Subparagraph Transportation sector helps trade: 

The vast network of roadways in the country is an indication of the economic property of 

the nation. The most spectacular part of the network is the 44,000-mile Interstate 

highway system, a national network of multilane expressways found in all 50 states and 
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connecting 90% of all cities with at least 50,000 population. There are nearly 500 public 

airports in the country. The Railroad and Waterways are also a major part of the 

transportation system. 

CONCEPT RELATIONSHIP 
Railroad and Waterways play a major part 

Subparagraph Railroad and Waterways plav a maior part: 

The Railroads once dominated both freight and passenger traffic in the United States. 

Govemment regulation and increased competition from tmcking substantially reduced 

their role in transportation. The National Railroad Corporation, also known as Amtrak 

operates on a 24,000-mile network serving nearly 500 stations across the country. 

Manageable Waterways are extensive and center upon the Mississippi River system in 

the country's interior, the Great Lakes- St. Lawrence Seaway system in the north and the 

Gulf Coast Waterways along the Gulf of Mexico. 

Subparagraph Natural resources are huge: 

The resources can be divided into three categories: 

1. Mineral Resources: The U.S. is the world's second largest producer of petroleum. 

The major fields are Alaska, Califomia, Gulf of Mexico, Louisiana, and Oklahoma. 

Coal deposits are mostly in the Appalachians and in Wyoming. The U.S. also has 

reserves of Copper, Magnesium, Lead, and Zinc. 
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2. Biological Resources: Of the total land area, somewhat less than half is devoted to 

farming. Tobacco is produced in the Southeast and in Kentucky. Cotton is produced 

in South and Southwest. The Midwest is the center for com and wheat farming while 

dairy herds are concentrated in the northem states. 

3. Hydroelectric Resources: These are heavily concentrated in the pacific and Mountain 

regions, Alaska is estimated to have nearly 1/5̂ '' of the nations unrealized potential 

capacity. 

Subparagraph Income has well defined sources: 

The agricultural, foresters and fishing altogether produce less than 3% of GNP and 

Mining and Quarry less than 2%. 

The major source of income is the manufacturing sector. It accounts to about 1/5̂*̂  of 

GNP. Services like health and business are also an important source of GNP. 

International trade plays an important role. It is the single most important country in 

terms of both imports and exports. Nearly all of the federal income comes from taxes, 

with personal income tax being the major contribution. 

Subparagraph People are varied: 

The majority of the U.S population had achieved a high level of material comfort, 

prosperity and security. The U.S. population can be broadly classified into the ethnic, 

blacks, Hispanics, Aasian-americans, and Indians. As in 1995, 9% were Asian or Pacific 
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Islanders, 13% black, 1% American Indians, 74% non-Hispanic white, and 10% were of 

Hispanic regions. 

CONCEPT 
Ethnic 
Blacks 
Hispanics 
Asian Americans and Indians 

lUELATIONSHIP 
Classified as 
Classified as 
Classified as 
Classified as 

Subparagraph Ethnic - Classification: 

The more comprehensive meaning applies to all groups unified by their cultural heritage 

and their experience in the New World. The Original puritan settlers, also called the 

Yankees, migrated from New England and spread westward thm New York, Northem 

Ohio, Indiana, and Illinois and on to Iowa and Kansas. They long identified with the 

Republican Party. 

Southern whites and their descendants, by contrast had generation after generation remain 

preponderantly mral until the 20̂ *̂  century as migration took them westward across 

Tennessee and Kentucky to Arkansas, Missouri, Oklahoma and Texas. They have long 

identified with the Democratic Party till the 1960's. 

Subparagraph Black - Classification: 

The Black population has made important advances in the late 20'̂  century. Their share 

of higher paying jobs, median income, and college enrollment have increased 

dramatically. The civil rights movement that gained momentum in the early 1960's 
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awakened the nation's conscience on the plight of black Americans, who had long been 

denied first-class citizenship. Martin Luther King Jr. with his non-violence message led 

the movement. 

Subparagraph Hispanic - Classification: 

The majority of the Hispanics are of Mexican origin, some being the descendents of 

ancestors who had lived in areas once part of Mexico - Texas, Arizona, New Mexico, 

and Califomia. The Hispanics of Puerto Rico are similar to the Mexican Americans only 

in language. They are citizens of the U.S. and come from the Island of Puerto Rico. After 

1960, political and economic instability stimulated a significant migrant from central and 

South America. 

Subparagraph Asian American and Indian - Classification: 

The Asian Americans also are an important part of American Society. The major 

portions are Chinese, Filipino, Asian Indians, Korean, and Vietnamese. The American 

Indians form an ethnic group only in a very general sense. In actuality, these Native 

Americans as they sometimes consist of numerous tribes that are widely separated in 

language, inherited cultures, and experience in adaptation. The Indian Reservation is 

often in poverty and social distress. This has led to many Indians to migrate to bigger 

cities like Chicago and Los Angeles. 
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Subparagraph Administration of the country: 

The U.S. constitution defines a federal system of govemment in which certain powers are 

delegated to the national govemment and others fall to the states. The national 

government consists of the executive, legislative, and judicial branches that are designed 

to check and balance one another. 

CONCEPT 
Executive branch 
Legislative branch 
Judicial branch 

RELATIONSHIP 
consists of 
consists of 
consists of 

Subparagraph Executive branch consists of: 

The Executive Branch: The President heads the executive branch of the govemment. The 

formal responsibilities of the President include those of chief executive, treaty maker, 

commander in chief of the Army, and head of state. The President is also responsible for 

formulating foreign policy, drafting legislation, and leadership of his political party. The 

President with the approval of the Senate appoints the members of the cabinet. The 

presidents team includes the secretaries of state, treasury, defense, interior, agriculture, 

commerce, labor, health and human services, housing and urban development, 

transportation, education, energy, and veteran affairs It also includes the attorney general. 
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The President's Executive office includes the Office of Management and Budget, the 

Council of Economic Advisers, and the National Security Council. 

Subparagraph Legislative branch consists of: 

The Legislative Branch: The Legislative branch of the govemment is the Congress, 

which has two houses: The Senate and The House of Representatives. Powers granted to 

Congress under the Constitution include the power to levy taxes, borrow money, regulate 

interstate commerce, declare war, seat members, discipline its own membership, and 

determine its mles of procedure. A Bill with its amendments should be passed through 

both houses and signed by the President before it becomes law. The President can veto a 

bill, but can be overridden by a two-thirds vote of both the houses. 

The House of Representatives is chosen by the direct vote of the electorate in single-

member districts in each state, the number of representatives allotted to each state being 

based on population and the overall total never exceeding 435. Members serve for a 

period of two years. The speaker of the house chosen by the majority party presides over 

the debate, appoints members of select and conference committees, and performs other 

important duties. The Rules committee, traditionally conservative, has great power to 

determine which bills will be brought to the floor of the House for consideration. 

Each state elects two senators at large. Each term of service is for six years and terms are 

so arranged that 1/3"'* are elected every two years. The Senate has 16 standing 

committees among which the most prominent are those on foreign relations, finance. 

92 



appropriations and govemment affairs. Treaties made by the president with other 

governments must be ratified by a two-thirds vote of the Senate. 

Subparagraph Judicial branch consists of: 

The Judicial Branch: The judicial branch is headed by the Supreme Court, which 

interprets the meaning of constitution and of federal laws. The President with the 

approval of the Senate appoints nine Justices including the Chief Justice for life. The 

Supreme Court has appellate jurisdiction for the lower federal courts and from state 

courts of last resort if a federal question is involved. Three types of cases commonly 

reach the Supreme Court: 

i) cases involving litigants of different states, 

ii) Cases involving the interpretation of federal law. 

iii) Cases involving the interpretation of the Constitution. 

The court can take official action with as many as 6 judges joining in deliberation, and a 

majority vote of the entire court is decisive; a tie vote sustains a lower-court decision. 

Often the minority judges write a dissenting report. Below the Supreme Court are the 

U.S. courts of appeals. Special courts handle property and contract damage suits against 

the United States, review customs mling, and apply the Uniform code of Military Justice. 

Each state has at least one federal district court and at least one federal judge. District 

judges are appointed for life by the president with the consent of Senate. 
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APPENDIX B 

CONVERTED DISTANCE MATRIX 
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