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CHAPTER I 

INTRODUCTION 

As the basis of competition has shifted more and more to the creation 

and assimilation of information, efficient and effective communication 

within organizations has become a critical source of competitive advantage 

(Amit and Shoemaker, 1993; Porter, 1990). This requires such information 

communications that are timely, up-to-date, consistent, and cost-effective in 

order for corporations to create and sustain a competitive advantage (Porter, 

1990; Porter and Millar, 1985). In other words, information should be 

organized, stored, and accessed in a more effective and efficient way that 

can provide fast and boundaryless communications between employees 

(Hills, 1997; Welch, 1993). In this context, the following situation illustrates 

an initiative to develop effective and efficient information communications 

among employees. 

The chief information officer (CIO) of a company that has offices 

around the world meets the company's director of communications. The 

director says that he has to communicate company news and employee 

benefit changes to employees in several thousand offices in dozens of 

countries. So far, he has used conventional communication media such as 

email, facsimile, videoconference, or telephone. However, they have been 

time-consuming and expensive partly because of actual costs of the medium 

and partly because of the difficulty in keeping up with changing names and 

addresses. Thus, the director asks the CIO if there is a more efficient means 

of communication. The CIO thinks that he has already put some company 



information such as income statements and press releases on the World Wide 

Web for the company's outside stakeholders. He keeps thinking that the 

metaphor of the Web can be used inside the company for employee 

communications. Finally, the CIO suggests that he can build an application 

using the Web technologies and architecture for effective and efficient 

communications. The director leaves with his encouragement of the new 

application for the company. The idea behind the new application is called 

the Intranet. 

Intranet is a duplicate version of the Web that operates within an 

organization allowing employees to communicate and access an electronic 

information repository using browsers, software first designed to let people 

navigate the Web (McCune, 1996). It is an application utilizing the 

hypermedia paradigm in which information is organized, stored, and 

accessed in non-linear fashion through the network of nodes and links, which 

are fundamental elements of hypermedia (Bieber and Vitali, 1997; O'Leary, 

1997). Intranet may provide the following categories of information and 

functionalities: manuals and/or corporate procedures, product availability 

and/or pricing information, postings of and access to personal pages by 

employees, job openings, circulating documents for signoffs/revisions, 

access to employee information, schedules/calendars, access to legacy 

database information, and expense reports routed from employee to manager 

(McCarthy, 1996). 

Most of the information categories are recognizably "documented" 

information that exists in a pre-processed format at some point of time 

except for the database access that might need a certain type of computation. 



These information categories will be referred to as "hyperdocument" in this 

research. According to Stotts and Furuta (1991), there are two broad kinds 

of hypermedia applications: "One encourages those who wish to wander 

through large clouds of information gathering knowledge along the way. 

The other is more directly tied to specific problem-solving, and is quite 

structured and perhaps even constrained" (p. 119). For this distinction, 

Thuring et al. (1995) note: 

Applications of the first type appear as browsable databases—or 
hyperbases—that can be freely explored by a reader. In contrast, 
applications of the second type take the shape of electronic documents 
—or hyperdocuments—that intentionally guide readers through an 
information space, controlling their exploration along the lines of a 
predefined structure. While the first one is better suited to support 
unconstrained search and information retrieval, the second one is more 
adequate for tasks requiring deep understanding and learning, (p. 57) 

This research proposes a design methodology for the Intranet that will be 

implemented as a hyperdocument application that provides guides to and 

structures of hyperdocuments. According to Engelbart (1995), "All 

knowledge products, such as email, notes, source code, to-do-lists, work-

breakdown structures, status reports, design documents, user guides, trouble 

reports, and others are inherently hyperdocument objects" (p. 30). 

However, to provide such guides and structures for users, there should 

be a systematic way the designer can follow in the design of Intranet. Note 

the following argument by Bieber and Isakowitz (1995): 

We lack guidelines and tools to design and develop hypermedia 
applications. This is especially true for commercial scale systems 
which involve frequently changing information. Without such 
guidelines and tools, the ever-growing network of interlinked 



applications is becoming increasingly spaghetti-like and hard to 
maintain. (P. 26) 

Intranet is, by nature, a large-scale and complex application because it lets 

the users exchange and assimilate the large amount of information across 

companies, organizations, enterprises, and nations (McCune, 1996). On the 

other hand, "in the rush to acquire and retrofit Web applications, 

organizations risk bypassing the Web's greatest supplemental benefit-

hypermedia" (Bieber and Vitali, 1997, p. 62). Bieber and Vitali argue that 

the main reason for this is a dearth of appropriate methodologies and tools. 

Thus, development of appropriate methodologies and tools is imperative 

before designers lose interest in supporting hypermedia features in the Web 

applications within organizational settings (Bieber and Vitali, 1997). 

It is clear then, that there is a need for new design methodology that 

will address the intrinsic aspects of Intranet, such as dealing with authoring-

in-the-large (Garzotto et al., 1995). As several researchers (e.g., Bieber and 

Isakowitz, 1995; Bieber and Vitali, 1997) observe, one of the most salient 

problems in supporting hypermedia features in the Web applications such as 

Intranet is a dearth of methodologies and tools. Therefore, deploying 

Intranet as a hyperdocument application needs well-disciplined guidelines 

and techniques for their design and development. 

Background 

We have seen that a new information technology is emerging at the 

same time that a new application is emerging. It is becoming clear that 

hypermedia paradigm and the Web can support more effective and efficient 



information communications. The confluence of these currents seems to 

hold the promise of making organizations more competitive. 

Emergence of the Intranet 

The contradiction between the non-linear way the mind works and the 

linear way information is presented in virtually all media has long been 

recognized. Vannevar Bush suggested that technology could be applied to 

deliver information free from the restrictions of linearity in his visionary 

article As We May Think (Bush, 1945). Two decades after Bush's vision, 

Ted Nelson coined the term hypertext, which he defined simply as nonlinear 

reading and writing (Nelson, 1965). A key part of this environment was the 

ability to hierarchically structure documents and their elements that could be 

linked together. Although the work of these early researchers produced 

several innovations and has had definite impact on the field, computer 

hardware limitations impeded the development and widespread use of their 

systems (Engelbart, 1995; Perry, 1987). 

Recent advances in computer hardware and, especially, a recent surge 

in the Web have created new interest in hypermedia applications (Bieber and 

Isakowitz, 1995). Hypermedia is simply an extension of hypertext with 

multimedia contents. We now begin to see a subset of hypermedia's 

potential for structuring and accessing information through the Web 

(Engelbart, 1995). 

The past, present, and the future of the Web are well summarized by 

Bemers-Lee et al. (1994). Organizations begin to utilize the Web's potential 

as a new application called the Intranet in the context of organizational 



hypermedia (Bieber and Isakowitz, 1996). The main purpose is to achieve 

competitive advantages with low costs for information access (Challa and 

Redmond, 1996; Fitzpatrick, 1996; Zarowin, 1996). Intranet certainly is a 

boon to business because they provide some critical advantages (Holtz, 

1996; McCune, 1996; Stevens, 1996). 

To organize information elements into a meaningful structure and to 

present the structure to users have been the major goals in hypermedia since 

the NLS of Engelbart (1968). The dominant organization scheme has been 

the hierarchical structure based on various data models such as Entity-

Relationship model (Isakowitz et al., 1995). This research, instead of using a 

specific data model, employs knowledge classification schemes with a 

hierarchy-like network of nodes and links to organize documents and their 

elements. 

Knowledge Classification Schemes 

Hierarchical structure is a major facilitating factor enabling us to 

understand, to describe, and even to see such systems and their parts (Simon, 

1962). In fact, the notion of structure (usually hierarchical) has been a part 

of most hypertext systems since the time of the oN-Line System (NLS) of 

Engelbart (1968). 

Within the hierarchical structure, other classification schemes such as 

generalization-specialization, whole-part, spatial and temporal inclusion, 

class membership, and attribution have been used to organize information 

into global and local structures. To present the global and local structures of 



information to users, user interface is essential. This research proposes a 

user-interface design technique based on the Minsky's frame concept (1972). 

Knowledge Representation Schemes 

One of the knowledge representation schemes is the frame suggested 

by Minsky (1972). In this scheme knowledge is represented hierarchically in 

terms of frames and slots. A frame represents an entity. A frame consists of 

a set of slots. The slots represent the typical attributes of the frame. Each 

slot has certain values associated with the slot. The value of a slot can also 

be the name of another frame establishing a hierarchical relationship 

between the two frames. Knowledge is represented by frames in the 

hierarchical manner. 

Problem Statement 

Recently, organizational hypermedia has got major attention in 

hypermedia-oriented research in information systems (Bieber and Isakowitz, 

1996). Organizational hypermedia concerns the following four issues 

(Bieber and Isakowitz, 1996): 

• The way in which users get better access to information; 

• The way in which hypermedia integrates database applications; 

• The way in which one evaluates the effectiveness of hypermedia 

applications; and 

• The way in which one develops hypermedia-based applications. 

The first issue is one of the objectives of the hypermedia paradigm in 

which information is organized, managed, and accessed by its associations. 



The second issue is related to the enhancement of existing applications by 

providing navigational access to them. The third issue is concerned with the 

measurement of the validity, utility, and usability of hypermedia 

applications. Finally, the fourth issue focuses on the design and 

implementation of organizational hypermedia. To focus on the second and 

the fourth issues, several problems exist. 

First problem is the limitations of the existing hypermedia design 

methodologies. In spite of growing interest in hypermedia design methods 

(Garzotto et al., 1993; Isakowitz et al., 1995; Lange, 1996; Schwabe et al., 

1996), they focus on the stand-alone, monolithic, retrieval-oriented, and 

small-scale hypermedia applications (Biever and Vitali, 1997). Most of 

them are also partial methodologies. Navigation and information 

requirements analyses and user interface specifications have been largely 

ignored (Kahn, 1995). The data models used for the existing methodologies 

appear inappropriate for large-scale application. Moreover, they are not 

specifically targeted to Intranet design and its implementation, which are 

quite different from the conventional hypermedia development 

environments. 

Second, there is a difficulty in applying standard software engineering 

methods to the design of Intranet. Numerous researchers have worked on 

developing application design methodologies since the concept of "stored 

program." Nevertheless, we need new design methodologies for the 

hypermedia. Bieber and Vitali (1997) observe that: 

While software engineering methodologies exist for standard 
application development, few design methodologies handle the linking 
and navigation inherent in hypermedia, and few specifically address 
Web standards or common gateway interface (CGI) scripting, (p. 64) 
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As pointed out by Nanard and Nanard (1995), standard software engineering 

techniques such as data modeling can be applied to modeling hypermedia 

application. "Fundamental differences [between two environments], 

however, make a pure transposition of [standard software engineering] 

techniques both difficult and inadequate. An important part of hypertext 

design concerns aesthetic and cognitive aspects that software engineering do 

not support" (p. 49). 

Third problem lies in the dearth of Intranet design methodologies. 

Until the Hypertext Design Model (HDM) by Garzotto, Paolni, and Schwabe 

(1993), there were no formal design models aimed specifically at 

hypermedia applications. Recently, several formal design methodologies for 

hypermedia applications have begun to appear. They include Enhanced 

Object-Relationship Model (EROM) (Lange, 1996), Object-Oriented 

Hypermedia Design Model (OOHDM) (Schwabe and Rossi, 1995a; 

Schwabe and Rossi, 1995b; Schwabe et al., 1996), the Relationship 

Management Methodology (RMM) (Isakowitz et al., 1995), and 

HyperDesign (Balasubramanian and Turoff, 1995). As stated earlier, 

however, they do not focus on the Intranet design. 

The Intranet differs in some aspects from the ordinary hypermedia. 

• The Intranet is implemented in an organizational setting which requires 

addressing various issues (Hills, 1997); 

• Capitalization on the Web technologies and architecture for the 

implementation of the Intranet naturally overcomes some problems of 

ordinary hypermedia applications (Bemers-Lee et al., 1994); 



• The Intranet is more tractable because its content and format can be 

specified and controlled by the Intranet's owner (O'Leary, 1997); 

• Because user characteristics and hardware specifications are known, the 

designer can be more focused and specific in planning an Intranet 

(O'Leary, 1997); 

• A variety of browser enhancement tools and plug-ins can be integrated 

into the Intranet (Hills, 1997); 

• In most cases. Intranet is not a trivial application. This implies that the 

Intranet is not a stand-alone, small-scale application (McCune, 1996); 

There has been no published Intranet design methodology that 

addresses the intrinsic characteristics of the Intranet. Most of the 

methodologies have focused on the design of small, monolithic hypermedia 

applications. In other words, although the Intranet promises a variety of 

advantages, the problem is that there is no methodology addressing the 

issues, differences, and features described above. 

Research Questions 

The overall research question arising from the problem described is 

how to organize and represent hyperdocuments to be put on an Intranet 

implemented as a hyperdocument application? This question leads to several 

other questions. 

First, how to identify user information needs? Second, how to 

organize information into global and local structures? Third, how to present 

the global and local information structures to users? 
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Research Objectives 

The overall objective of this research is to construct an Intranet design 

methodology that addresses the overall question posed above. In particular, 

this research has the following objectives that are evidenced by the answers 

to the research question. 

1. To develop a methodology for the design of the Intranet as a 

hyperdocument application; 

2. To validate the research through the following two ways: 

• Methodology validation through the problem verification, 

methodology requirements verification, and operational definition 

verification, and 

• Prototype validation through the design verification, functionality 

verification, and test result verification. 

Methodology validation is performed by the development of a 

hypermedia design methodology in the following manner: (1) the 

methodology development should start with the problems and limitations of 

the existing hypermedia design methodologies; (2) the methodology should 

include various design primitives needed for the design of a hypermedia 

application; and (3) the development of the methodology itself should be 

formal, orderly, and methodical. The first manner verifies the problem, the 

second verifies methodology requirements, and the third verifies the 

methodology development procedure itself The third process will be 

presented in Chapter IV. 

Prototype validation is performed by the following manner: (1) 

accurate application of the design primitives of the methodology to the 
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design of a prototype; (2) implementation of a prototype based on the design 

specification; (3) test of the prototype based on a set of general evaluation 

criteria for the hypermedia application that are suggested by many 

researchers (e.g., Beame et al., 1994; Garzotto et al., 1995; Hardman, 1989; 

Hardman and Sharrat, 1990; Minch and Green, 1996; Nielsen, 1993; Preece, 

1994; Shneiderman; 1992; Vanharanta et al., 1995); and (4) evaluafion and 

validation of the test result. The first manner verifies operationalization, the 

second verifies design, the third verifies functionality, and the fourth verifies 

test procedure itself 

Garzotto et al. (1995) summarizes the general criteria into five 

dimensions, including content, structure, presentation, dynamics, and 

interaction. Although content is the most important dimension in assessing 

hypermedia application effectiveness, it requires an application domain 

specialist and a deep knowledge of the user profiles and tasks (Garzotto et 

al., 1995). Nevertheless, this content dimension can be evaluated by a 

criterion called "perceived usefulness" that is suggested by Davis (1989) and 

Davis et al. (1989). Structure means the content's organization. This 

depends on the hyperdocument content and its actual organization in a 

hypermedia application. Even though there is a structure evaluation 

technique called structural analysis (Botafogo et al., 1992), it is difficult to 

apply the technique to the structure evaluation because we cannot measure 

the distance between non-immediate nodes that have both-directional links. 

Instead, we can apply the presentation aspect of a hypermedia application to 

the evaluation of structure. Unlike the conventional application, the 

presentation aspect reflects the structure of the hypermedia application. 

12 



Presentation defines the usability of a hypermedia application, showing how 

easy it is for users to follow the given links to display content without getting 

lost in hyperspace. It reflects the actual organization of hyperdocuments in 

terms of nodes and links. It can be evaluated by "perceived ease of use" 

criterion proposed by Davis (1989) and Davis et al. (1989). Dynamics is 

related to how users interact with and moving among individual information 

elements. Interaction is considered as a part of dynamics or presentation 

(Hardman and Sharrat, 1990; Hodges and Russell, 1993). The two last 

dimensions can be evaluated by observing users' behavior when they are 

actually using a given hypermedia application. Thus, the two dimensions are 

not directly related to this research. 

Outcomes of the Research 

The principal outcome of this research is the Intranet design 

methodology (IDM) to implement the Intranet as a hyperdocument 

application. The specific deliverables of the IDM are as follows: 

1. A technique for user information requirements analysis; 

2. A method for navigation design of the Intranet; 

3. A technique for user interface specification of the Intranet; and 

4. A prototype Intranet based on the methodology. 

Significance of the Research 

This research provides several benefits to design of the Intranet in 

particular and to hypermedia in general. First of all, this research provides 

an Intranet design methodology (IDM) that will provide the Intranet 
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designers and developers with systematic guidelines for design. Second, 

although the methodology aims at the Intranet, it can be used by other Web 

application developers and Web page authors. For example, an electronic 

commerce company can use the method to provide product information to 

potential buyers because the methodology can be extended to the product 

information domain. 

Structure of the Dissertation 

Chapter II provides a review of the relevant literature. The chapter 

begins with the definitions of several terms that are used throughout the 

research study. The chapter also presents the general issues in developing 

and managing the Intranet as well as the limitations and contents of existing 

hypermedia design methodologies. 

Chapter III contains a description of the research methodology used in 

this research. The methodology provides a framework for the development 

of the conceptual model and prototype system. 

Chapter IV proposes an Intranet design methodology referred to as the 

IDM. The chapter begins with an examination of various issues pertaining to 

hypermedia design, including information-related, navigation-related, and 

user interface-related issues. In addition to these issues, a set of general 

requirements of a hypermedia design methodology is examined. These 

issues and requirements are then synthesized to develop a conceptual model 

for design of the Intranet. 

Chapter V presents the prototype design procedure. The prototype 

design specifications are developed by operationalizing the design primitives 

14 



of the IDM. The chapter also presents the prototype implementation b\ 

encoding the design specifications in various Intranet development tools. 

Chapter VI provides the validation procedure of this research, which 

consists of the methodology validation and the prototype validation. The 

methodology \ alidation is performed by both comparing the IDM with the 

five existing hypermedia design methodologies and b\ examining whether 

the IDM incorporates the general methodology requirements in its 

development. The prototype validation is performed by testing the prototype 

and evaluating the test results. 

Chapter VII concludes the dissertation by discussing the limitations 

and contributions of the research, and by proffering suggestions for future 

research. 
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CFIAPTERII 

LITERATURE REVIEW 

As stated in the previous chapter, there is a significant need for a 

formal design methodology for the Intranet as a Web-based hyperdocument 

application. This chapter mainly focuses on the previous research that is 

relevant to hypermedia design methodology. To date, a few hypermedia 

design methodologies have been proposed. Most of them have emerged 

within the last four years for stand-alone hypermedia applications. 

This chapter begins with a series of definitions that establishes the 

usage of several terms in the literature review and throughout this research. 

This is followed by a general review of Intranet from the development and 

management perspectives. Following the Intranet review, an overview of the 

proposed hypermedia design methodologies over the past several years is 

provided. Next, a detailed review of the existing methodologies will be 

presented in terms of software development cycle and design primitives 

being used in the design of hypermedia application. They are described 

individually, in detail, vis-a-vis the existing hypermedia design 

methodologies. A short summary concludes the chapter. 

Definitions 

In this section, definitions are given for a number of terms that are 

used in the literature review and throughout this research. The terms come 

from both the hypermedia field and related research areas. For several of 

these terms, concise, broadly agreed upon definitions do not exist (Conklin, 
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1987). Thus, the definitions given here are intended to clarify their usage in 

the literature review and the proposed methodology. Whenever necessary, 

extended and more context-specific definitions are provided in later sections. 

1. Node. A node is an information container stored in the hypermedia 

network. Generally, nodes can contain arbitrary types of data 

including text, formatted data, image, graphics, video, audio, and 

animation. Restrictions on the size and other aspects of nodes vary 

widely among different hypermedia systems. 

2. File. A file is an information unit that consists of one or more nodes in 

the hypermedia network. As a corollary, files can also contain 

arbitrary types of data including static and active media. There are no 

specific restrictions on the size and other aspects of files, such as file 

types, as long as browsers can display them. 

3. Link. A link is an associative connection defined between information 

elements. Links are established between information elements within 

nodes as well as across nodes. Links distinguish hypermedia from 

other means of organizing information. 

4. Anchor. An anchor is a link endpoint specification mechanism. An 

anchor identifies the precise endpoint of a link. The granularity of 

anchor specification varies among hypermedia systems. Some 

systems allow only entire nodes to be specified as the endpoint of a 

hypermedia node. Other systems allow information elements 

contained within nodes to be identified as endpoints. A link can have 

zero or one endpoint. In this case, the link is called a dangling link. 

There are four cases where dangling-link situations can arise 
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(Gronbaek and Trigg, 1994): (1) the endpoint's node or information 

element has been deleted; (2) the anchor of a node or an information 

element has been deleted; (3) the content of a node or an information 

element is not available; and (4) the value of an anchor is not valid. 

There are several reasons to support dangling links (Gronbaek and 

Trigg, 1994): (1) they allow late updating and garbage collection 

following the deletion of a node or an information element; (2) it is 

useful where data objects are outside the control of the Intranet (for 

example, a relation in a database which is connected to the Intranet 

needs to be deleted or moved); (3) the dangling link can be re-linked 

to another node or information element without having to rebuild the 

entire link (especially useful for multi-headed links. For example, if a 

link has multiple endpoints and if an endpoint is dangling, the 

dangling link can be re-linked to other information like a new photo); 

and (4) dangling links can intentionally be created as placeholders for 

later use. Unlike the Dexter model (Halasz and Schwartz, 1994), the 

proposed methodology tries to avoid dangling links. 

Button and hotspot. The information indicating links' destination 

nodes or information elements and their locations (e.g., top) are called 

buttons or hotspots (Davis, 1995). In this research, the meaning of 

button is assumed to be different from that of hotspots. A button is a 

user interface object such as "go back" and "top." A hotspot is an 

underlined (or whatever such as highlighted or colored) portion within 

the contents of a node. 
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The Intranet 

An Intranet is based on the communication standards of the Internet 

and the content standards of the World Wide Web. Therefore, the tools used 

to create the Intranet are identical to those used for Internet and Web 

applications. The distinguishing feature of an Intranet is that access to 

information published on the Intranet is restricted to clients in the Intranet 

application. Historically this has been accomplished through the use of 

LANs protected by firewalls, which is software blocking outside users from 

accessing information. More recently, technology has begun to make 

restricted access feasible in shared environments. The advent of virtual 

firewalls will extend the concept of the Intranet, but the basic distinguishing 

feature will remain the protected environment, be it real or virtual, for the 

Intranet information. In the following several paragraphs, the Intranet is 

reviewed in terms of development and management. 

Development of the Intranet 

In this paragraph, two issues are reviewed. One of them is related to 

the development of the Intranet itself Like hypermedia, the Intranet is 

concerned with structuring and giving access to information through its 

elements' interrelationships. According to Bieber and Vitali (1997) and 

Garzotto et al. (1993), basic relationships between information elements, 

among others, take the following forms: 

• Schema relationships provide global information structure in which users 

identify information about information. 
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• Schema instance relationships provide local structure of information in 

which users access descriptive information. 

• Occurrence relationships provide access to all uses and views of a piece 

of information. 

• Process relationships provide access to information needed for logical 

tasks or stages that users must perform with the application. 

• Statistical relationships provide access to information elements that take 

place mutually. 

An Intranet development methodology should provide tools and 

techniques for the management of the relationships above, which "entails 

creating, storing, maintaining, retrieving, customizing, presenting, 

commenting on, and navigating relationships" (Bieber and Vitali, 1997, p. 

64). By such methodology, designers can analyze and design full-fledged 

Intranet applications. As stated in the previous chapter, however, the most 

salient problem in developing Intranets is a lack of methodology that 

addresses the relationships and other Intranet-specific issues described in the 

previous chapter. 

The other issue concerns the integration of the Intranet into existing 

applications. Many researchers predict that the concept of hypermedia and 

its application in organizations will be incorporated in the interfaces of all 

information systems that interact with people (Bieber, 1995; Malcolm et al., 

1991). Although there are several research studies on the integration issue 

(Bieber, 1995; Davis et al. 1992; Kacmar and Leggett, 1991; Pearl, 1989; 

Rizk and Sauter, 1992), they all focus on providing hypermedia functionality 

to existing information systems, not on the reuse of ftanctions provided by 

20 



the existing applications. In other words, the research so far on the 

integration issue has been concerned with how to augment hypermedia 

functionality to existing applications. Furthermore, the research has not 

specifically mentioned Intranet integration into existing applications. 

As stated by Tomek et al. (1991), integrating hypermedia into existing 

applications is to create guidelines and tools that could be used to allow 

existing applications to produce data accessible in hypermedia style. 

Incorporation of the Intranet into existing applications would be an important 

part of future research. 

Several tools are available for integrating existing applications into the 

Intranet in terms of software reuse (Tucker, 1997, Vamey, 1996a). The tools 

are middleware, available in five different types: database middleware, 

message-oriented middleware (MOM), object request brokers (ORBs), 

remote procedure calls (RPCs), and transaction processing monitors (TP). 

Database middleware is a product of the database vendors themselves whose 

functionality can be found in the Open Database Connectivity (ODBC) 

standard. MOM is based on message passing and message queuing. ORB is 

software that manages relationship between clients, servers, and objects. 

RPC sends a call from one process to another process for some service. TP 

controls transactions of clients as they move from one place to another. 

Even though the integration issue provides a useful insight into the future of 

the Intranet, this research focuses on the Intranet as a hyperdocument 

application. That is, this research will focus on how to organize the given 

hyperdocument objects in terms of the network of nodes and links to provide 

access to information elements. 
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Management of the Intranet 

Across corporate America, companies have been implementing 

Intranet at a feverish pace, and the rush is on to make Intranet a place to 

easily post and access company data (Vamey, 1996a). But the data 

explosion means bigger Intranet and, in tum, more complex management 

issues. Although Intranet management is similar to traditional network 

management—tracking files and monitoring traffic—Intranet also poses its 

own specific problems. The management problems, among others, can be 

summarized into the following (Bieber and Vitali, 1997; Hills, 1997): 

• Finding and repairing broken links between information elements that 

have been moved or deleted; 

• Potential for chaos; 

• Management fears of sharing information and the loss of control; 

• Security of the Intranet; and 

• Securing stability, robustness, and longevity. 

To overcome the first problem, there should be systematic design 

methodologies for the Intranet as well as tools for managing the information 

space (Bieber and Vitali, 1997; Garzotto et al., 1991; Vamey, 1996b). As 

pointed out in the previous chapter, there is no appropriate methodology for 

the Intranet design and development. However, several tools are available 

for managing the links between information elements of an Intranet (Vamey, 

1996b). Meanwhile, it is easy to implement the Intranet so that users may be 

tempted to make their own pages. If not controlled, it may fall into chaos as 

it did in the early days of client/server in the late eighties (Hills, 1997). 

Intranet scares middle managers who have always hoarded information and 
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refused to share it with their subordinates. Intranet empowers users giving 

them information necessary to perform their jobs. This information was 

once the preserve of managers (Hills, 1997). Security has always been an 

issue since the inception of organizational information systems. For the 

Intranet, there is software called firewalls to block outside users from 

accessing information. But the real concem for the Intranet is to dispel the 

fears of users who are concerned over the security of their data (Hills, 1997). 

The Web technology does not currently provide the highest level of 

application stability, robustness, and longevity. This is, again, due partly to 

the lack of systematic methodologies for the Intranet and partly the lack of 

systematic techniques for collecting documents and links (Bieber and Vitali, 

1997). 

A Review of Existing Hypermedia 
Design Methodologies 

Five existing hypermedia design methodologies are reviewed within 

the context of the complete software development cycle and design features 

(primitives). The context of the complete software development cycle will 

provide a framework called development cycle fi^amework. The software 

development cycle consists of conventional stages including feasibility 

study, analysis stage, design stage, implementation stage, testing stage, and 

maintenance stage. Within each stage, the design features will also be 

considered to provide another framework called design feature framework. 

Some of the elements of the design feature framework are adapted from a 

survey paper (Conklin, 1987). 
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Development Cycle Perspective 

Table 2.1 shows the development cycle framework. Although 

Relationship Management Methodology (RMM) (Isakowitz et al., 1995) has 

been dubbed the first full methodology, it focuses on navigation design. 

Hypertext Design Model (HDM) (Garzotto et al., 1993) is also mainly for 

navigation design. Object-Oriented Hypermedia Design Model (OOHDM) 

(Schwabe and Rossi, 1995a; Schwabe and Rossi, 1995b; Schwabe et al., 

1996) is still an emerging method. The central idea of the Enhanced Object-

Relationship Model (EROM) (Lange, 1996) is to explicitly represent 

semantically rich relations in the object-oriented model using hyperlinks. 

HyperDesign (Balasubramanian and Turoff, 1995) is largely for user 

interface design of the hypermedia. 

Design Feature Perspective 

This section reviews the five design methodologies in terms of the 

design features such as design primitives and techniques. 

Hypertext Design Model (HDM). Garzotto et al. (1993) proposed this 

model as a first step towards defining a general purpose models for 

authoring-in-the-large. They insist that HDM can be used either as a 

modeling device or as an implementation device. However, the main focus 

of the model lies in the modeling. FIDM has some features, including the 

notion of perspective, the identification of different categories of links, and 

the distinction between hyperbase and access structures. The notion of 

perspective makes it possible to have different presentations for the same 

topic. The hyperbase is a kind of database that consists of all the design 

elements of a HDM model. An access structure allows the user to properly 
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Table 2.1. Development Cycle Framework. This shows various hypermedia 
application design phases and methodologies that accommodate the given 
phases. 

Methodology 

Phase 

Feasibilit>' Study 
Navigation 
Requirements 
Analysis 
Information 
Requirements 
Analysis 
Navigation Design 
File Structure Design 
Virtual Structure 
Design 
User Interface Design 
Implementation 
Testing 

HDM 

No 
No 

No 

Yes 
No 
No 

No 
No 
No 

OOHDM 

No 
No 

Yes' 

Yes 
No 
No 

Yes'° 
Yes'^ 
No 

RMM 

Yes' 
Yes-' 

Yes' 

Yes 
Yes' 
Yes' 

Yes" 
Yes'' 
Yes" 

EORM 

No 
No 

Yes' 

Yes 
No 
No 

Yes'' 
Yes 
No 

HyperDesign 

No 
No 

Yes' 

No 
No 
No 

Yes 
No 
No 

IDM 

Yes-
Yes 

Yes 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

^ RMM mentions that feasibility study is needed. 
^ IDM also mentions that feasibility study is needed but only repeats established basic activities 

for the feasibility study. 
^ RMM mentions that navigation requirements analysis is needed 
^- OOHDM uses an object-oriented modeling technique to construct a conceptual model of the 

application domain. 
^ RMM mentions that information requirements analysis is needed. 
^ EORM adopts OMT model to construct a object-relationship model. This process is exactly the 

same as that for standard information systems. 
'' HyperDesign identifies application objects or entities for user interface design purposes. 
° RMM calls this phase conversion protocol design in which each element of the navigation 

design is converted to an object in the target platform. It is different from the file structure design 
because it deals with only the storage structure of each node, not other objects such as links, 
identified in the navigation design. 

^ RMM is concerned with the link calculation at run time, not user views at run time as in IDM. 
°̂ OOHDM uses Abstract Data View for user interface design. 

^̂  RMM indicates that user interface design should include screen layouts for every object 
identified in the navigation design phase. 

^̂  EORM provides a tool based on a commercially available GUI builder that provides a user 
interface library for link creation and link traversal. It does not specify a formal method for user 
interface design. 

^̂  OOHDM implements an application by mapping the navigational and abstract interface models 
into concrete objects available in the chosen implementation environment IDM is similarly 
implemented using the Web technologies and architecture in a similar manner. 

^^ RMM does not provide any guidelines. It just mentions that construction can be done as in 
traditional software engineering. 

^̂  RMM emphasizes testing of all navigational paths. 
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select the entry points that are given by a network called "outline" in the 

HDM model. 

HDM consists of several design primitives. To represent information 

chunks, the notions of entities, entity types, components, and units are used. 

An entity consists of components that are in tum made of units. A unit 

corresponds to a component associated with a specific perspective. 

HDM also has several link categories, including structural links, perspective 

links, and application links. Structural links connect components belonging 

to the same entity. Perspective links connect units belonging to the same 

component. Application links establish connection among components, 

entities, or entity types regardless of their commonalities. Application links 

are grouped into link types, and some application links can be derived 

through semantic relationships among components, entities, or entity types. 

Application link types (or link types) consist of a name, a set of sources and 

target entity types, and a symmetry characteristic. The symmetry 

characteristic determines if there is an inverse relationship between two 

entity types. 

Even though HDM provides useful design primitives, there are some 

issues that should be noted. First, it simply provides a static set of structures 

of information chunks and a static set of link types. This hinders 

extensibility and flexibility of the model. FIDM ignores the possibility that 

an entity type may have sub-entity types. In that case, the three information 

structure constructs (entity types, entities, and components) and the three 

types of links (structural links, perspective links, and application links) 

would be too limited. Second, HDM does not provide a mechanism for 
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defining the application links among entity types and their instances. It just 

mentions that application links can be identified by semantic properties of 

constructs for information structure. Third, HDM has no specific guidelines 

for constructing outlines that provide users with entry points. 

Object-Oriented Hypermedia Design Method (OOHDM). This 

method is described on several papers (Rossi et al., 1995; Schwabe and 

Rossi, 1995a; Schwabe and Rossi, 1995b; Schwabe et al., 1996). OOHDM 

is a direct descendant of HDM based on object-orientation. It includes 

special purpose design primitives such as indices, guided tours, abstract data 

views (ADVs), and abstract data objects (ADOs) for both navigational and 

interface design. Indices and guided tours are similar to access structures in 

HDM. 

OOHDM consists of four phases: conceptual design, navigational 

design, abstract interface design, and implementation. During conceptual 

design, a model of the application domain is built using well-known object-

oriented modeling principles, augmented with some primitives such as 

attribute perspectives (multiple-valued attribute being similar to HDM 

perspectives) and sub-systems. Conceptual classes are built using those 

aggregation and generalization/specialization hierarchies typical of object-

orientation. The conceptual design produces a conceptual schema that shows 

the domain semantics through classes, instances, class hierarchies, and 

relationships among classes. 

The conceptual design is the basis of the navigational design in which 

one or more navigational models (views in the sense of databases) are 

constructed depending on the types of intended users and the set of tasks to 
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be performed by them using the application. Two schemata further elaborate 

a navigational model (chosen view): navigational class schema and 

navigational context schema. The navigational class schema for a chosen 

view consists of four navigational classes: nodes, links, indexes, and guided 

tours. Nodes are defined by combining attributes of different related classes 

in the conceptual schema. Links refiect relationships intended to be explored 

by the final user and are also defined as views on relationships in the 

conceptual schema. Indexes and guided tours formulate access structures as 

in FIDM. For the navigational class schema, a navigational context schema 

is built based on the browsing semantics (i.e., how and where to access an 

information element). 

Once the navigational structure is defined, user interface design begins 

with mapping navigation structure into the user-perceptible objects, interface 

objects (e.g., menus), and navigational objects (e.g., nodes), using ADVs and 

ADOs. In the implementation step, the designer maps the navigational and 

abstract interface models into concrete objects available in the chosen 

implementation environment. 

Although the authors of the OOHDM insist that this method allow a 

smooth transition from conceptual modeling to navigational, interface 

design, and finally implementation using a set of uniform modeling 

primitives, several uncovered issues should be noted. First, as admitted by 

the authors, the conceptual and navigational models are essentially the same 

if there are no different users with different profiles and tasks. It is believed, 

however, that there are many different user groups and task groups. In that 

case, OOHDM must produce as many navigational models as the number of 
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user and task groups. It may be too cumbersome and complex. This implies 

that OOHDM is appropriate for hypermedia applications for individuals, not 

for organizations. Second, if many navigation models should be produced, 

then how can the designer determine the user and task groups? Third, 

OOHDM uses the notion of attribute perspecti\ es. They are multiple-valued 

attributes. In conceptual design, OOHDM just lists the multiple-valued 

attributes for each class and then they are separated later in the navigation 

modeling into individual attributes. Why does OOHDM needs this 

procedure when it is possible to specify multiple-valued attributes as 

individual attributes during conceptual modeling? Fourth, a navigational 

class schema reflects the chosen view from the conceptual model, and 

navigational context schema elaborates the navigational class schema based 

on the navigational context. A navigational class schema contains 

navigational classes such as nodes and links. Nonetheless, it can be argued 

that, instead of separating two schemata, a navigational context schema may 

encompass both navigational classes and navigational context. Fifth, 

OOFIDM does not mention where the designer starts conceptual modeling. 

Relationship Management Methodology (RMM). It is argued that 

RMM is the first fijll hypermedia design methodology. However, as pointed 

out by Schwabe et al. (1996), RMM just considers navigational requirements 

analysis, information requirements analysis, and user interface design to be 

important activities. Nevertheless, RMM does not explicitly model these 

steps. RMM proposed by Isakowitz et al. (1995) consists often steps 

ultimately focused on navigation design step. The navigation design phase 
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consists of three steps: Entity-Relationship design (E-R design), slice design, 

and navigational design. 

The E-R design step is to represent the information domain of the 

application via the well-known E-R diagrams. As in the database modeling 

through E-R diagrams, relevant entities and their relationships of the 

application domain are identified to draw an E-R diagram. In constructing 

an E-R diagram, only one-to-one and one-to-many relationships are 

considered. Many-to-many relationships are split into one-to-many ones. 

These relationships are called associative relationships later in the 

navigational design. They become the basis of linking entities. 

The next step is called the slice design in which every entity identified 

in the E-R design step is analyzed in terms of its attributes. In other words, 

this step determines how the information in the chosen entities will be 

presented to users and how they may access it. A slice is defined as a group 

of attributes or a single attribute of an entity. For example, a slice called 

"general" contains several attributes of a person entity such as name, age, 

and photograph. Other slices may include biography and video clip. Once 

every slice is determined, a diagram called slice diagram is used to formalize 

the presentation and access structures of a chosen entity within the scope of 

its attributes. 

In the navigational design step, all the paths that will enable hypertext 

navigation are designed. Each associative relationship appearing in the E-R 

diagram is analyzed. All navigational paths are specified in three elements: 

conditional indices, conditional guided tours, and conditional indexed guided 

tours. The resulting diagram is called Relationship Management Data Model 
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(RMDM). If an associative relationship should be made accessible for 

navigation, the relationship is replaced by one or more RMDM access 

structures. 

RMM seems very easy to use and understand, but it lacks many 

required features in developing hypermedia applications. First, RMM is 

basically for the small hyperdocument application because other aspects of a 

hypermedia application such as overall structure of information space are not 

considered. If RMM were implemented for a large document such as a 

training manual, it would be difficult to handle the large number of entities 

that could be found in the document. Furthermore, the authors suggest that 

RMM be meant for domains that are updated on a relatively frequent basis. 

If a large document should be updated frequently, the designer should repeat 

the three steps of the navigation design phase. Second, it is believed that to 

make the navigation easier the designer should divide a large document into 

several sections in the navigation design phase. However, no such method is 

provided with RMM. 

Enhanced Object-Relationship Model (EORM). EORM (Lange, 

1996), similar to OOHDM, is based on the Object Modeling Technique 

(OMT) by Rumbaugh et al.'s (1991). The central idea of EORM is to 

explicitly represent semantically rich relations in the object-oriented model. 

The author offers a CASE-like tool for schema design and user interface 

design, which is based on EORM and a commercial Graphical User Interface 

(GUI) builder. They all are based on a common object-oriented database 

system (OODBMS). The resulting system is a hypermedia-based 
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information system where the main interaction style is based on hypermedia 

linking. 

EORM consists of six steps: information analysis, fianctional analysis, 

object modeling, hypermedia mapping and EORM schema creation, user 

interface design, and implementation. In information analysis, a scenario is 

constructed for the application domain. Functional analysis specifies the 

main ftinction that will be performed by the application. Object modeling 

delivers an object-relation schema that shows various classes and their 

relationships. These three steps adopt the processes of OMT suggested by 

Rumbaugh etal. (1991). 

In hypermedia mapping, the object-relationship schema of the target 

information system is mapped into hypermedia elements such as nodes and 

links to provide the information system with hypermedia ftinctionalities. At 

this step, the specifications of EORM are used. The relationships 

represented by the object-relationship schema are converted into various link 

types that are defined by the designer depending on the context of each 

relationship. Each link type is considered a class that has its state and 

behavior. The defined link types are stored in a link library for reuse. Some 

classes identified in the object modeling are grouped into a class called the 

annotatable class. Under this class, annotatable objects are organized into a 

hierarchical structure called annotation schema. The annotatable class has a 

unique attribute named annotation that will contain a textual commentary as 

its value. This annotation attribute is inherited, along with other attributes 

and operations defined for the class, to annotatable objects. A CASE-like 

tool along with user interface design can do these processes. For this 
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purpose, a set of repositories is utilized by an OODBMS. In the 

implementation step, the CASE-like tool generates codes for the target 

hypermedia-based information system. 

As previously indicated, this methodology provides a set of techniques 

for transforming an object model into the EORM schema. During the 

transformation, various link types are specified for the relationships between 

classes in the object-relationship schema. Thus, EORM basically aims at 

developing standard information systems using the concept of hypermedia 

linking. This leads to several noteworthy issues. First, in EORM, the link 

types are also treated as classes that have their states and behaviors. Thus, in 

a strict sense, the links act in much the same way as function calls or 

procedure calls. Second, EORM may cause chaos in reusing the link class 

library and other libraries if there is no appropriate mechanism for 

developing, understanding, modifying, and composing the reusable elements. 

The method, thus, entails many complex problems. Third, although the 

author insists that EORM allow integration with other systems, no method is 

specified for the integration. 

HyperDesign. HyperDesign proposed by Balasubramanian and Turoff 

(1995) is a user-interface design method for hypertext systems. It identifies 

fourteen elements for user interface design. The first element to be 

identified is the metaphor or metaphors. A metaphor is the application 

template that shows general patterns of relationships between application 

entities that can be mapped onto the semantic framework (a classification 

framework for nodes and links) proposed by Rao and Turoff (1990). The 

second element is the objects that constitute the application. They actually 
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are information chunks such as parts, divisions, or sections that are classified 

within the semantic framework. After identifying the application objects, 

their functions or actions are identified as the third element. The node types 

and link types identified in the semantic framework become modifiers or 

filters whereby the search process in the information space can be expedited. 

These filters can be combined with keywords to form search criteria. This is 

the process of identification of the fourth element. 

The identification process of the fifth element is called strategic 

choices wherein various user-interface objects such as menus are determined 

based on the user goals. Lateral classifications are the sixth element in 

which the designer identifies related nodes of a selected node. The designer 

identifies the appropriate formats of nodes and links to be presented in the 

identification of seventh element. Identifying lists of objects, the eighth 

element, is related to forming indexes. Reactive choices, the ninth element, 

determine the functions of nodes or links that will cause direct interaction 

between users and items displayed. The identification of shared processes, 

the tenth element, is similar to determining polymorphic functions as in an 

object-oriented concept. For the eleventh element, the designer identifies 

interaction states such as navigation paths, queries, or backtracks. The 

twelfth element is context-sensitive help. For the thirteenth element, all 

possible error conditions are identified to prevent errors. The final element 

is the screen layout. In this process, only appropriate graphic design 

principles and usability principles are identified because screen design is 

application dependent. 
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HyperDesign may be a good approach to designing user interface for 

hypertext applications. However, this approach is based on a specific 

semantic framework. Although the authors argue that the semantic 

framework has proved to be useful, the degree of usefulness of HyperDesign 

will depend on the degree of usefulness of the semantic framework. Yet 

another issue of HyperDesign is that most of the fourteen steps are just 

modified versions of well-known user interface design principles suggested 

by numerous researchers (e.g., Schneiderman, 1987). 

Design Feature Framework. The five existing methodologies offer 

good insights into the ways of modeling and implementing hypermedia 

applications. As illustrated in the review, however, some methodologies 

have more design or modeling primitives than others. This leads to a 

comparison of design features. Table 2.2 shows the design feature 

f]*amework. As can be seen in the framework, IDM is the most 

comprehensive methodology. A schema represents a global structure, and a 

schema instance a local structure of hyperdocument. An access primitive 

provides a mechanism where users are guided to a specific node. 

Chapter Summary 

This chapter offered some definitions to clarify the terms used in this 

research. The chapter also provided two Intranet-related issues and reviewed 

the chosen five hypermedia design methodologies against the IDM in terms 

of development cycle and design features. The IDM was developed to 

accommodate the insufficiencies of the existing methodologies as well as 

unique features of the Intranet. 
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Table 2.2. Design Feature Framework. Shown are the various features 
employed by the five methodologies as well as the proposed Intranet design 
methodology (IDM) 

Features 

Methodologies 
IDM 
HDM 
OOHDM 
RMM 
EORM 
HyperDesign 

Hierarchy 

Yes 
Yes 
Yes 
No 
Yes 
No 

Schema 

Yes 
Yes 
Yes 
Yes 
Yes 
No 

Schema 
Instance 

Yes 
Yes 
No 
No 
No 
No 

Link 
Types 

Yes 
Fixed 
Fixed 
No 
Yes 
No 

Classified 
Attributes 

Yes 
No 
No 
No 
No 
No 

Access 
Primitives 

Implicit 
Implicit 
Explicit 
Explicit 
Implicit 
Implicit 

Component 
Reuse 

No 
No 
No 
No 
Yes 
No 

Features 

Methodologies 
IDM 
HDM 
OOHDM 
RMM 
EORM 
HyperDesign 

Navigation 
Requirements 
Formalism 
Yes 
No 
No 
No 
No 
No 

Information 
Requirements 
Formalism 
Yes 
No 
No 
No 
No 
No 

User Interface 
Design 
Formalism 

Yes 
No 
Yes 
No 
No 
Yes 

Iteration 

Explicit 
No 
Implicit 
Explicit 
No 
No 

Search 
Formalism 

Yes 
No 
No 
No 
No 
No 
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CHAPTER III 

RESEARCH METHODOLOGY 

This research is based on the general research methodology proposed 

by Russell Ackoff (1962). First, a discussion of each stage of the general 

research methodology is presented. The next section discusses how each 

stage of the research methodology is applied to this research study. 

Stages of the General Research Methodology 

According to Ackoff (1962), the general research methodology 

consists of six phases: 

1. Formulating the problem. 

2. Constructing the model addressing the problem. 

3. Deriving a solution from the model. 

4. Testing the solution. 

5. Evaluating and validating the results. 

6. Refining the model and repeating. 

The problem formulation phase involves the search for an issue that 

exhibits a gap between the desired and current state of the issue. The 

identification of the gap leads to the formation of a problem statement with 

research objectives. The problem statement should be derived in the way in 

which theory development and testing are facilitated in the long-term 

perspective of the scientific process (Baldwin and Yadav, 1995). Within a 

theory development process, a model is developed to solve the problems 

stated in the problem statement. 
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There are three types of models in science: the iconic model, the 

analogue, and the symbolic model (Ackoff, 1962). Iconic models represent 

relevant attributes of the real thing so that they look like what they represent. 

They look like the real thing: the difference is scale. In analogue, one 

attribute is used to represent another. Symbolic models symbolically 

represent attributes of the thing. Although science employs all three types of 

models, it generally uses iconic and analogue models to develop symbolic 

models (Ackoff, 1962). Iconic and analogue models are easier to understand 

but less abstract and general than symbolic models. Symbolic models are 

the easiest to manipulate. 

The model takes on meaning or content only when the symbols and 

the things that they represent are defined. There are two types of defining in 

science: conceptual and operational (Ackoff, 1962). Conceptual defining 

relates the concept being defined to one or more other concepts and 

generally takes a form similar to that of dictionary definitions. Operational 

definitions relate a concept to what would be observed if certain operations 

are performed under specified conditions on specified objects. 

Deriving a solution fi'om the model hence involves operationalization 

of the symbolic model by conceptual and operational definitions of symbols 

that translate abstract characteristics into simpler and more concrete ones. It 

also involves formal system specification development and logic 

specification development. 

Phase four and five address the testing of the solution and evaluation 

of the test results. The value of the solution depends on how adequately the 

model represents the problem situation; the adequacy of the solution depends 
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on the adequacy of the model. The testing itself and evaluation of the test 

results provide important insights toward refinement. The processes may 

reveal some clues for model refinements, or the operationalization of the 

model. Step six of the research methodology emphasizes the iterative nature 

of research. The iterative nature of research is explicitly refiected on the 

proposed design methodology. 

Application of the General Research Methodology 

This section explains how the general research methodology will be 

applied to this research. The application of the general research 

methodology leads from problem identification to refinement. The research 

is conducted within the framework of the six phases. 

Problem Formulation 

A review of the literature has not shown a robust methodology for 

designing the Intranet as a hypermedia application. Although there are some 

existing hypermedia design methodology, they are specifically targeted to 

the Intranet design. The reason for the dearth of methodology is attributed to 

several factors. First of all, the concept of the Intranet is very new. Three 

years ago, nobody knew the term. Secondly, until recently hypermedia has 

been constrained by technological huddles. Thirdly, most of the study on 

hypermedia has focused on research-related systems design principles, not 

on large-scale, complex hypermedia applications. The former provides an 

environment that facilitates the creation of the latter. 
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Methodology Development 

In developing a system design methodology, notations that represent 

various properties of a real system are important for several reasons (Booch, 

1994). First, a notation makes it possible for an analyst to describe a 

scenario or formulate architecture and then unambiguously communicate 

decisions to others. Second, as pointed out by Whitehead (1958), a good 

notation allows us to concentrate on more advanced problems by relieving 

the burden of all unnecessary work. Third, expressive notation makes it 

possible to eliminate much of the tedium of checking the consistency and 

correctness through automated tools. In this context, this research will use a 

set of notations (design primitives) to construct the Intranet Design 

Methodology (IDM). 

Deriving a Solution from the Methodology 

To derive a solution from the IDM, a prototype Intranet will be 

developed for a real application domain. The design of the prototype 

requires operationalization of the IDM by conceptual and operational 

definitions of design primitives. Operationalization translates abstract 

characteristics of design primitives into simpler and more concrete ones. 

This leads to the implementation of a prototype application. 

Conceptual Definitions of the Methodology Elements. The IDM 

mainly consists of three stages: information requirements analysis, 

navigation design, and user interface design. This paragraph provides brief 

conceptual definitions of symbols employed in the proposed model. More 

detailed definitions will be given in Chapter IV. 
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Information requirements analysis involves four steps including 

navigation domain modeling, identification of user-processors, identification 

of hyperdocuments, and information screening. A navigation domain model 

consists of a navigation domain structure model and a navigation domain 

process model. The navigation domain structure model is the structure of the 

Intranet application domain. The navigation domain process model shows 

business processes performed in an application domain. User-processors are 

users of an Intranet as well as performers of business processes. User-

processors are used to identify hyperdocuments to be put on an Intranet. A 

hyperdocument is defined as a knowledge product such as a user manual 

(Engelbart, 1995). It is a "chunk" of information. In the information 

screening step, the hyperdocuments identified in the previous step are sorted 

and filtered based on availability and security. 

Navigation design constructs a network of various node types, 

including global node, threshold node, category node, aggregate node, 

composite node, trunk node, stem node, stalk node, branch node, twig node, 

sprig node, spray node, shoot node, leaf node, class node, subclass node, 

instance node, attribute node, and value node. A global node denotes a 

navigation domain such as a company or a branch office and is the topmost 

node in a hierarchy-like network. A threshold node (information domain) 

represents an entry point in a navigation domain such as document, 

announcement, or people. A category node denotes further details of a 

threshold node. By this way, the nodes up to leaf nodes can be used to 

narrow down the structure of information within the given threshold nodes 

for each global node. They are all organized in hierarchy-like network 
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structures called the Metainformation Structure (MIS) that shows global 

structure of information domain through the network of nodes and links. It 

corresponds to the notion of schema that describes an application at the 

global level (Garzotto et al., 1991). It defines overall classes of information 

elements in terms of structural and visualization properties. Classes 

represent groups of domain objects that share certain commonalities. A class 

node can be any node of the MIS. The Information Structures (IS), instances 

of schema, are used to show the relationships among information elements of 

a node and links between elements within the node. An instance of a schema 

describes an application at the local level (Garzotto et al., 1991). It identifies 

information elements of the various classes and their specific 

intercormections. 

The information elements are interconnected by links. The proposed 

methodology distinguishes between two classes of links within the MIS and 

the IS: hierarchical and referential link classes. There are two subclasses of 

the hierarchical link class: jump link and step link. Links within the jump 

link subclass cormect non-immediate (non-adjacent in a hierarchy) nodes. 

These links exclude the connection between adjacent nodes. Another link 

subclass is called step link which connects immediate (adjacent in a 

hierarchy) node nodes. The referential link class connects nodes and 

information elements across the network. 

The IDM uses the notion of Minsky's frame (1975) to provide a user-

interface specification technique. A frame is a way of representing 

knowledge by means of attributes and slots within a hierarchical structure. 

Two frame systems, MIS frame system and IS frame system, are defined to 
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specify user interface objects and navigation objects. The MIS frame system 

consists of three sub-frame systems: menu frame system, index frame 

system, and content frame system. Menu frame sub-system shows 

navigation domains and information domains. Index frame sub-system 

consists of one or more table of contents based on the MIS. Content fi-ame 

sub-system displays actual content of the information that is selected by 

users. The only difference between the MIS frame system and the IS fi*ame 

system is that the IS frame has no index frame. 

Operational Definitions of the Methodology Elements. Developing a 

prototype system involves another step called operational definitions of the 

model. The development of a prototype provides a means by which the 

proposed methodology may be evaluated. Indeed, the process of prototype 

development provides the researcher with an additional tool, unavailable to 

traditional scientists, for gaining insight into the system's behavior and 

properties (Baldwin and Yadav, 1995). As stated by Khazanchi (1991), the 

prototype system is a way of confirming that the model of a reality is 

tenable. That is, the prototype system is a tool for validating theories and 

conceptual models. Operational definitions of the design primitives will be 

presented in detail in Chapter V using an actual application domain for the 

prototype Intranet. 

Testing and Evaluating the Solution 

As stated in Chapter I, the prototype validation will focus on 

usefiilness and usability. Usefulness measures the extent to which the 

information provided by the prototype is useful for users in doing their jobs. 

43 



To test the usefulness, this research will employ the perceived usefulness 

instrument that was proposed by Davis (1989). Usability concerns the 

presentation aspect as well as the structure of a prototype application. In 

other words, it concerns user interface of the prototype. To measure the 

degree of usability, this research will employ the perceived ease of use also 

suggested by Davis (1989). This testing procedure will be presented in detail 

in Chapter VI. 

In addition to the usefulness and usability, another test will be 

performed against the prototype Intranet. Unlike the functions of 

conventional information systems, the major functions of hypermedia as 

hyperdocument application is to display associated information elements 

stored in a network of nodes and links. This means that prototype testing 

should be performed to see if it has any broken links and/or if it displays 

information elements incorrectly on the screen. The Intranet audience can 

use a number of different browsers in different network environments, each 

of which can present contents quite differently in terms of display format and 

retrieval speed. Thus, it is essential to test the Intranet using as many 

different browsers as possible, on different platforms (such as Windows NT, 

Unix, Windows 95, and Macintosh) and at different network environments. 

It is not unusual to find a navigation button or hotspot properly appearing in 

a comer of a page in one browser but in the middle of a page in another 

browser. Yet another issue that should be addressed in testing is the various 

scripting language support of the Web browsers. If an Intranet is utilizing 

scripting languages or Java applets, they must be tested against various 

browsers. 
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Refinement of the Methodology 

The proposed IDM is based on the notion of iteration. This means that 

it provides the ability to switch back and forth between methodological 

stages. In this proposed methodology, the designer goes through the 

methodological stages and can go back to any previous stages, if necessary. 

That is, the proposed Intranet design methodology provides the designer with 

the ability of top-down and bottom-up design of the Intranet. As mentioned 

previously, the testing and evaluation process may reveal some clues for 

refinements of the proposed model or the operationalization of the model. 

This requires that the phases one through five of the general research 

methodology be repeated. 

Chapter Summary 

Research methodology in scientific research performs several 

functions. First, it provides a basis for determining the extent to which any 

research is controlled, and hence the research becomes scientific. Second, it 

enables us to promote a cumulative tradition, evaluate research contributions, 

and train new researchers into the field. Third, it makes explicit the kind of 

knowledge required to effectively adjust to the methodological standard. 

This chapter has outlined the general research methodology being used for 

this study and the manner in which it is applied to the research. 
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CFIAPTER IV 

AN INTRANET DESIGN METHODOLOGY (IDM) 

This chapter presents an Intranet design methodology (IDM) that 

focuses on the information requirements analysis, navigation design, and 

user-interface specification to implement the Intranet as a hyperdocument 

application. The IDM development process will follow the research 

methodology discussed in the previous chapter. The IDM is developed to 

address those issues indicated in the problem statement. 

This chapter proceeds as follows: First, basic issues that should be 

reflected in developing hypermedia applications will be presented. Second, 

based on the issues, a set of desirable features of a hypermedia application 

design methodology will be discussed. Third, an overview of the IDM will 

be given in terms of general stages. This is followed by detailed explanation 

of the IDM. 

Lack of Hypermedia Design Methodology 

Bieber and Vitali (1997) point out that organization risks ignoring the 

Web's greatest supplemental benefit of access to multimedia. The risk 

comes from a dearth of methodologies and tools in developing Web-based 

applications such as Intranet. Even though several hypermedia application 

design methodologies are currently available, they manifest some 

limitations. The major limitations include: (1) most of the existing 

methodologies have been developed for the stand-alone, monolithic, and 

small-scale hypermedia applications (Bieber and Vitali, 1997); (2) they have 
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not been developed specifically for the Intranet design that has its own 

characteristics such as known hardware and software specifications and 

organization-wide implementation (O'Leary, 1997); and (3) the existing 

methodologies are incomplete in that they do not cover all the necessary 

stages in designing hypermedia applications, especially information 

requirements analysis and user-interface design. 

The limitations, in fact, have their roots in the failure of incorporating 

some aspects in developing hypermedia applications. Then, what are the 

issues in developing hypermedia applications such as the Intranet? Based 

upon the previous research, this question is addressed in the following 

section in terms of information-related issues, navigation-related issues, and 

user interface-related issues. 

Hypermedia Development Issues 

This section reviews the issues in developing hypermedia applications 

in three categories. Reviewing the issues can reveal what are the basic 

building blocks for a hypermedia application design methodology. 

Information-related Issues 

Information-related issues are concerned with how to gather user 

information requirements in developing Intranet, how to compose the 

gathered information, and how to deal with changing information. 

It is well recognized that user information needs should be thoroughly 

analyzed prior to information systems (IS) design to develop effective IS. 

This step is generally referred to as information requirements analysis and 
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typically involves an analyst working with end users (Byrd et al., 1992). 

Proper identification of information needs early in the design process 

produces more effective systems (Mittermeir et al., 1982). 

The Intranet is also an information system. This means that user 

information requirements should be analyzed for the design. Even though a 

wide variety of specific techniques (e.g., behavior analysis, protocol 

analysis, and interviews) now exist to aid the process of determining user 

requirements, they focus on the identification of application functions that 

will produce the information that users need (Byrd et al., 1992). Intranet, 

however, focuses on the knowledge products called hyperdocument objects 

(Engelbart, 1995) even though the research area of integrating hypermedia 

with existing applications is emerging (Bieber, 1995). This demonstrates an 

effort to give some computational functions other than just "clicking" links 

that lead to specific information elements. 

The process of structuring the gathered information has been 

identified as composition mechanism or aggregation that deals with 

clustering related objects and forming a higher-level object (Halasz, 1988). 

The composition mechanism is important because it refiects a semantic 

relationship between nodes connected through links. Yet another 

information-related issue lies in the management of rapidly changing 

information. This problem is related to the design of virtual structures (just 

like retrieving information using queries in the database field) to deal with 

changing information (Halasz, 1988). 

Unlike other information systems, hypermedia applications enable 

users to navigate the information space non-linearly. The mechanism behind 
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the non-linear information access is that information elements are stored in a 

certain structure, usually hierarchical, using nodes and links. This means 

that organizing information elements to provide users with nonlinear 

functionality is an essential part of any hypermedia. The essential part is 

called navigation. 

Navigation-related Issues 

Navigation-related issues deal with the following questions: Where am 

I?, Where do I go?, and How do I get there? (Rivlin et al., 1994). As 

previously mentioned the IDM focuses on exploring and reading 

hyperdocuments for comprehension. In cognitive science, comprehension is 

often characterized as the construction of a mental model that represents the 

objects and semantic relations described in a text (van Dijk and Kintsch, 

1983). Thus, the mental effort spent on the construction process of a mental 

model defines the readability of a document (Thuring et al., 1995). 

There are two crucial factors that infiuence this process: coherence as 

positive influence (Thuring et al., 1991) and cognitive overhead (Conklin, 

1987) as negative influence on comprehension. A document is coherent if a 

reader can construct a mental model from it that corresponds to facts and 

relations in a possible world (Johnson-Laird, 1989). In constructing a mental 

model, two types of coherence are especially important. To understand the 

relation between clauses and sentences, readers infer "local" connections that 

link pieces of information together and thus establish local coherence. In 

addition, readers infer "global" connections that are conclusions drawn from 

several clauses, sentences, paragraphs, or even chapters. Such conclusions 
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establish the global coherence (van Dijk and Kintsch, 1983). According to 

Conklin (1987), cognitive overhead is "the additional effort and 

concentration necessary maintain several tasks or trails at one time" (p. 40). 

This is caused by the limited capacity of human information processing 

(Miller, 1956). In terms of hypermedia, such efforts primarily concem user 

disorientation, navigation, and user-interface adjustments. (Thuring et al., 

1995). Disorientation occurs when readers are "lost in hyperspace" 

(Marchionini and Schneiderman, 1988; Nielson, 1990). 

Thuring et al. (1995) summarize a set of navigation-related issues of 

hypermedia, including: (1) higher local coherence, that is, appropriate 

indication of semantic relationships between information units and reduction 

of the impression of fragmentation; (2) higher global coherence, that is, 

aggregation of information units and providing adequate overview of the 

hyperdocument; (3) lower user disorientation, that is, indication of the 

reader's current position, backtracking to the reader's current position, and 

presentation of the options for reaching new nodes; and (A) facilitation of 

navigation, that is, support for navigation with respect to direction and 

distance. Direction means forward and backward navigation and distance is 

the depth of traversal either by stepping adjacent links or jumping to non-

adjacent links (Thuring et al., 1995). 

Once the above issues are addressed in a hypermedia application, the 

next category of issues is how to visualize or present the global and local 

stmctures of information units to users. This is related to user interface-

related issues. 
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User Interface-related Issues 

Most of the design literature about hypermedia has focused on the 

underlying data model and proposed system-level standards for information 

interchange to support the hypermedia concept, including Dexter Model 

(Halasz and Schwartz, 1994), HDM (Garzotto et al., 1993), and HyTime 

(Newcomb et al., 1991). While the data model is an important concem, 

there are equally important presentation design issues that must be 

articulated and addressed (Kahn, 1995a). In the Dexter Model, user-

interface issues are specified at the presentation layer. It is concemed with 

the visual presentation of information to users. Constructing a hypermedia 

interface is a critical aspect in creating a large hypermedia application 

(Schuler et al., 1994). Yet, the user interface has been the last issue to be 

considered. It is, however, at the presentation layer that the information in 

the underlying data model actually finds its way from abstract machine space 

into the user's perception (Kahn, 1995a). 

In designing user interface, the following should be considered 

(Hardman and Sharrat, 1990; Kahn, 1995a; Rossi et al., 1995): (1) global 

structure and controls such as spatial division and visualization of content, 

(2) local structure and controls such as text column and media stage, 

marking links, link tips, media stage and media browser, story header, and 

story footer, (3) the interface appearance of each navigational object seen by 

the user. This means that the same navigational object may have different 

representations in different situations, (4) other interface objects that activate 

navigation such as go-to buttons, (5) user's perception of the user interface. 
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and (6) synchronization of multimedia interface objects, especially time-

based media such as audio and video. 

The issues in developing hypermedia applications have been reviewed 

in terms of information, navigation, and user interface. The review gives 

important insights into the development of a hypermedia application design 

methodology, specifically for the development of the IDM methodology 

model. The insights can be regarded as the desirable features or 

requirements that should be incorporated into the IDM. 

Desirable Features of a Hypermedia Design Methodology 

Based on the issues discussed above, the following features or 

requirements are desirable: 

• A technique to identify proper user information requirements; 

• A technique for developing a schema that shows the global stmcture of 

information elements as well as higher global coherence; 

• A technique to develop a sub-schema (an instance of a schema) that 

shows the local structure of information elements as well as higher local 

coherence; 

• A technique to present the global and local structures of information 

elements in the way of ensuring low cognitive overhead; and 

• A minimum set of stages to ensure that the features above are 

incorporated into a design methodology. 

In addition to the desirable features above, Nanard and Nanard (1995) 

suggested a set of general requirements for a design methodology. 

According to Nanard and Nanard (1995), designing occurs in the 
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combination of two directions. One direction represents general stages of a 

methodology. Another direction represents the designer's mental activity. 

For the first direction, a hypermedia design methodology must provide 

adequate formalisms and tools for handling the formal aspects of the design 

and reporting deliverables of each stage. For the second direction, it must 

support feedback loops for the designer's incremental and opportunistic 

mental activity along the design process. 

Nanard and Nanard (1995) summarize the requirements of a 

methodology as follows: (1) a methodology must support iteration between 

design stages, which facilitates the evaluation activity and process recursion, 

thereby improving design quality; (2) a methodology must allow abstraction 

and instantiation mechanisms that enable the designer to altemate between 

top-down and bottom-up approaches; and (3) a methodology must support 

cloning (reusing) either complete applications or individual elements. 

Nanard and Nanard (1995) also suggest that mechanisms, such as 

prototyping for moving easily and rapidly between the abstract and instance 

levels, are needed. 

Overview of the Intranet Design Methodology (IDM) 

An earlier section described the limitations of the existing hypermedia 

application design methodologies. The limitations are related to the issues in 

hypermedia development. The issues in tum cast a set of important insights 

into the development of the IDM methodology. The IDM focuses on the 

Intranet design as a hyperdocument application. It provides several stages to 

identify, organize, store, and present user information needs. Even though 
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the IDM focuses on printed documents (knowledge products), it also 

encompasses access to database(s) to create HTML pages on the fiy. In that 

case, various scripting languages and other off-the-shelf software tools 

would be used. The IDM will specify which resulting document needs to be 
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Figure 4.1. The IDM Methodology (adapted from Isakowitz et al., 1995). 
This is a systemic view of the methodology showing the flow from stage to 
stage. The focus is on the stages from navigation requirements analysis 
through implementation. This methodology is essentially iterative, and the 
feedback loops are shown on the right side of this figure. Hardware and 
software selection is an important task, since they may affect the overall 
performance of an Intranet. Those selections, however, depend on various 
organizational factors such as budget. 
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created and its location in the network of nodes and links. In this section, the 

IDM is introduced briefly in the order of various stages. 

The general stages of the IDM are shown graphically in Figure 4.1 

within the context of the complete software development c\cle. Although 

the feasibilit} study, implementation, and testing are undeniably important in 

application development, they are not dealt with specifically in the IDM. 

This methodology is essentially iterati\'e between various stages to 

provide feedback loops whereby design quality can be improved through the 

evaluation and process recursion. It also supports mechanisms for 

abstraction and instantiation that enable the designer to altemate between 

top-down and bottom-up approaches. At the instance level, application 

components can be objectively evaluated, subsequently initiating redesign 

and reconstruction activities. One of the useful mechanisms for moving 

between the abstract and instance levels is prototyping (Diaz and Isacowitz, 

1995). 

A prototype enables both the designers and users to taste the 

application before implementation. By prototyping, the designer can switch 

back and forth between the instance level and the abstract level of an Intranet 

application, e.g., fi-om data models to HTML pages and vice versa. 

Prototyping also provides cloning (reusing) mechanisms. The designer can 

reuse objects fi-om other applications or can replicate a part of the target 

application. For example, the designer can reuse \ arious media players, 

pictures, and images either fi-om other applications or the target Intranet 

application. 
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Details of the Methodology 

In this section, a detailed explanation about each stage of the IDM is 

provided. Various steps of each stage will be elaborated from the navigation 

requirements analysis to the user-interface specification. 

Stage 1: Feasibility Study 

Although this stage is beyond the scope of this research, some basics 

are provided based on previous research. The feasibility study attempts to 

answer to the following questions (Davis and Olson, 1985): (1) Is the 

technology available to implement the proposed application, both in absolute 

terms and relative to the company's current technical sophistication? (2) Will 

the benefits of the application exceed the costs? (3) Is the organization 

sufficiently motivated to support the development and implementation of the 

application with necessary user participation, information source and 

permissions, training time, etc.? (4) Can the organization complete the 

application within the time and budget allowed for development? and (5) 

Will the application work when installed? This feasibility may depend on 

the political and managerial environment, the completeness of information 

requirements, the requirements for change in the user environment, etc. 

Stage 2: Navigation Requirements Analysis 

In the navigation requirements analysis stage, both navigation 

domains and information domains are identified. Identifying navigation 

domains results in a list of sub-application domains of an Intranet application 

domain. For example, an organization may implement an Intranet for 
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companies or individual departments of a company. A company 

corresponds to an application domain, and individual departments are sub-

application domains. Once the navigation domains are determined, 

information domains should be identified for each navigation domain. An 

information domain is a threshold (i.e., an entry point) to a group of related 

information elements. There may be a lot of thresholds in a navigation 

domain, including product threshold, people threshold, collaboration 

threshold (e.g., project management), and document threshold (e.g., manuals 

and regulations). In each information domain, a collection of information 

elements is organized in a stmcture called the Metainformation Stmcture 

(MIS). 

Stage 3: Information Requirements Analysis 

This section begins with basic concepts used for this stage. As stated 

earlier, the IDM focuses on the Intranet design that will be implemented as a 

hyperdocument application. Thus, the information to be put on an Intranet is 

called hyperdocument information or hyperdocuments in this research. A 

definition of a hyperdocument will first be given. Based on this definition, 

an important limitation of current information requirements analysis 

techniques will be described to introduce a new information requirements 

analysis technique called Process User Matrix Approach (PUMA). After the 

introduction to the PUMA, the underpinning rationale for the PUMA will be 

presented. Finally, the various steps of the PUMA will be described in 

detail. They include navigation domain modeling, identification of user-

processors, identification of hyperdocuments, and information screening. 
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Definition of a Hyperdocument. A hyperdocument is a knowledge 

product (Engelbart, 1995). It may be represented by various media such as 

text or video for user comprehension and communication. A hyperdocument 

is static and includes all knowledge products such as notes, status reports, 

design documents, user manuals, training manuals, and others. In some 

sense, they are all final information that is ready for immediate access and 

consumption by users. The term "final" means that there is no additional 

computation to produce (not to play or display media) the information at 

some point of time. In this research, the media presented to the users is 

divided into text, formatted data, static media (e.g., images and graphics), 

and dynamic media (e.g., video clips, audio, and animation). 

Hyperdocuments may require ongoing update or deletion after the Intranet 

deployment. 

Limitations of Existing Requirements Analysis Techniques. To 

measure the effectiveness of IS, the degree of user satisfaction has been used 

for nearly three decades (Melone, 1990). User satisfaction has been mled by 

various factors such as information product and service quality, user 

interface, or the degree of user involvement (Ives and Olson, 1984; Ives et 

al., 1983; Swanson, 1974). Moreover, the common measures of success of 

an organizational application are the degrees of user satisfaction and user 

acceptance (DeLone and McLean, 1992; Ginsberg, 1979; Klenke, 1992; 

Melone, 1990). Thus, Intranet should also be designed in a way that secures 

a higher degree of user satisfaction and user acceptance. 

Although the terms "user involvement" and "user participation" have 

been distinguished by Barki and Hartwick (1989), these terms will be used 
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interchangeably in this research. User satisfaction and user participation are 

two central IS constmcts that have been conceptualized and operationalized 

in a number of different ways and from divergent theoretical perspectives 

(Ives and Olson, 1984; Kappelman and McLean, 1991). The positive 

relationship between user participation and user satisfaction has been widely 

understood (McKeen et al., 1994). As Ives and Olson (1984) pointed out, 

user participation in the systems development process improves system 

quality and hence user satisfaction by: (1) providing a more accurate and 

complete assessment of user information requirements (Norton and 

McFarlan, 1975; Robey and Farrow, 1982); (2) avoiding development of 

unacceptable or unimportant features (Robey and Farrow, 1982); and (3) 

improving user understanding of the system (Lucas, 1974; Robey and 

Farrow, 1982). 

Thus, user participation provides a secure way to increase user 

satisfaction. As a result, the notion of user participation in the systems 

development has brought in such approaches as Joint Application Design 

(Wood and Silver, 1995), user-centered requirement analysis (Martin, 1988), 

Participatory Design techniques (Greenbaum and Kyng, 1991; Schuler and 

Namioka, 1993), and contextual design (Holtzblatt and Beyer, 1993). 

Each method above emphasizes user participation in systems 

development without making clear the roles and responsibilities of users. In 

most of the systems users perform some business processes that may span 

over across business units. However, to extract reliable and responsible user 

information needs from users, their roles and responsibilities should clearly 

be defined. This research proposes, therefore, a technique for 
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hyperdocument requirements analysis as a part of the Intranet design 

methodology. The proposed approach is caWcd process user matrix 

approach (PUMA) wherein hyperdocuments needed for Intranet are 

identified by user-processors. A user-processor is a person or a group of 

persons who performs a business process or a set of business processes and 

who is going to use the Intranet being developed. A group of user-

processors can be assigned to a collective name. Therefore, individual user-

processors or a group of user-processors can be thought of an entity. This 

process will be explained in detail in the following section. 

The Process User Matrix Approach (PUMA) 

In the following sub-sections, the rationale for the PUMA will be 

described using the general systems theory. After the rationale, the 

individual steps of the PUMA will be presented in detail. 

Organization as an Open System. A system can be defined as a set of 

interrelated components that work together for a common objective (Simon, 

1962). Organizations are open systems, since they receive unplanned and 

unscheduled inputs from their environment and adapt in such a way as to 

continue their existence. When we design a computer system to solve a 

problem faced by an organization, we try to make such unplanned and 

unscheduled inputs with planned and scheduled inputs available to the 

computer system in an orderly fashion based on work flows and work 

assignments through the hierarchy of an organization (Davis and Olson, 

1984). 

In the behavioral approach to organizational stmcture, an organization 

is viewed as input-process-output, which is most often referred to as a 
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systems model (Szilagyi and Wallace, 1990). Figure 4.2 shows a basic open 

systems model which is adapted from Szilagyi and Wallace (1990, p. 620). 

This figure shows us the informafion flow of an organizafion in a systems 

model. An organization as a whole system consists of functional sub

systems that, in tum, are made up of other funcfional subsystems. Each 

functional subsystem is delineated by its boundary and has its own inputs, 

processes, and outputs. In other words, the systems model that is similar to 

the Figure 4.2 can again represent each functional sub-system. Each 

functional subsystem consists of organizational processes that may be 

performed by direct users or indirect users of Intranet. Direct users are 

employees who perform their own tasks everyday using the Intranet. 

Indirect users are people who are also performing tasks, but they do not rely 

heavily on the Intranet such as training staff They can assist other 

employees to get familiarize to certain subject or procedure. 

Environmental 
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> Input Process 

Internal 

Control 

Output 

Feedback 

Maintenance 

External 

Coordination 

Feedback 

Environmental 
Beneficiaries 

• , 

Figure 4.2. An Organization as an Open System (Adapted from Szilagyi and 
Wallace, 1990, p. 620) 

Organizational Structure as a User-Processor Structure. The first and 

most vital building block of any application is people. The overriding 

philosophy of systems development should be that the application is for the 
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people (Whitten et al., 1994). In developing an application, many people are 

involved including application owners, application users, application 

designers, and application builders. In an organization, each business unit or 

a whole organization consists of people who perform various processes 

within given positions. These people are organized as a hierarchy or in other 

organizational stmctures. Processes are similarly organized. That is, each 

process has its boundary and is defined in a stmcture. Business processes 

may be performed by direct or indirect users of Intranet. Of course, some 

processes may be performed by an autonomous machine, but eventually all 

business processes are, by and large, performed by people. In this research 

they are called user-processors. Thus, an organization can be viewed as a 

user-processor structure. 

The following sub-sections explain the individual steps of the PUMA 

that lead to the identification of user-processors and hence hyperdocument 

information. 

Navigation Domain Modeling. In navigation domain modeling, 

model-based application development approach is applied. According to 

Taylor (1995), the goal of the model-based application development 

approach is to constmct application models that show the stmcture, 

processes, and resources of a business as simply and directly as possible. In 

this context, the process of navigation domain modeling identifies two sub

models within the navigation domain model. 

First sub-model is the navigation domain structure model based on the 

formal stmcture of the whole navigation domain. For example, if the 

navigation domain is a whole organization, we use the organizational 
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structure as the navigation domain stmcture model. Based on the navigation 

domain stmcture model, business processes performed under each business 

unit are identified. This model is called navigation domain process model. 

A business process is "a set of linked activities that take an input, transform 

it, and create an outpuf (Carr and Johansson, 1995, p. 9). Although 

processes are generally independent of formal organizational structure 

because they are most often spanning across multiple business units, 

processes performed under each business unit can be identified (Davenport 

and Short, 1990). The navigation domain structure and the navigation 

domain process models are combined into the navigation domain model. 

Figure 4.3 shows a partial navigation domain structure model and a partial 

navigation domain process model. The navigation domain process model 

shows some processes of the manufacturing department. 

One of the purposes of modeling the navigation domain is to provide a 

threshold (entry point) for business units. When a user wants to navigate a 

business unit such as headquarters, a navigation domain stmcture model is 

useful in suggesting navigational direction. He can easily identify the node 

in a hyperspace if it provides a visualization based on the domain structure 

model. The most important purpose of a navigation domain model is to 

identify hyperdocuments through the user-processors. For this purpose, 

user-processors for the individual business processes should be identified. 

This procedure is explained in the next section. 

Identifying User-Processors. How to make clear each user-

processor's roles and responsibilities for performing processes? Who is 

doing which business process(es)? For a specific process, who is working 
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Figure 4.3. A Partial Navigation Domain Model. It shows a navigational 
domain stmcture model for an application domain and a navigation domain 
process model for the manufacturing department. 

with whom? Is the person working alone or in a group of people? Then, 

what are their process boundaries? What are their roles in performing a 

specific task? What are their responsibilities for a specific task or related 

tasks? The answers to the above questions are important when a designer 

gathers user information requirements when he or she develops an 

information system. Defining clear boundaries of processes for each user-

processor begins with an examination of the navigation domain process 
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model specified in the earlier step. First of all, for each process within the 

navigation domain process model, a user-processor is assigned. A user-

processor may perform more than one process because processes most often 

span across business units. For example, the process of product design may 

involve a marketing person who, in tum, performs the process of market 

analysis. 

To avoid this complexity, a matrix caW^d process-user matrix is 

developed. A part of the process-user matrix is shown in Figure 4.4. As in 

the figure, if we read the matrix vertically, user-processors can be combined, 

and if we read the matrix horizontally, processes can be combined. 
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Figure 4.4. A Process-User Matrix. This shows who performs which process 
or processes. This matrix is used to simplify the user-processor stmcture of 
an organization 

The matrix is first read vertically to combine user-processors. For example, 

user-processors 1 and 5 perform process 1 and process 8, but not process 3. 
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In this case, they can be combined as one user-processor, say user-processor 

1-5, and then user-processor 1-5 performs processes 1,3, and 8. By this 

way, we can generate all combinations of user-processors. The resulting 

matrix after combining user-processors is shown in Figure 4.5. 

Figure 4.5 shows combined user-processors. The slashed cell has 

moved up and combined to new user-processors. Now we have three user-

processors instead of the original six user-processors. The next task is to 

arrange processes by reading the matrix horizontally. However, all 

processes belonging to a user-processor may not be combined into one 
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Figure 4.5. A resulting process-user matrix after combining user-processors. 
It shows duplicate user-processors who perform a process or processes and 
use an intranet. This matrix is an intermediate process-user matrix. 

because some processes may be relatively independent of others. Thus, to 

combine processes, we need a semantic analysis for each process to identify 
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semantically related processes. For example, the user-processor 3-4-n 

performs processes 4, 6, 7, 9, and n. Processes 4 and 6 may 

have a semantic relationship, and processes 7, 9, n have another semantic 

relationship. If it is the case, we can combine processes 4 and 6 into one 

process, and processes 7, 9, n into another process. Let us call them 

processes 4-6 and processes 7-9-n, respectively. For example, the process 

production planning may be divided into shop floor planning, machine-

layout planning, etc. The first two processes may be closely related. Thus, 

we can combine the two processes into one, say, fioor planning. In this way, 

we can combine processes and reassign user-processors to combined 

processes. The resulting matrix may look like shown in Figure 4.6. 
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Figure 4.6. A resulting process-user matrix after combining user-processors 
and processes. It shows duplicate user-processors and duplicate processes 
that represent combined processes and user-processors. 
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As we can see in Figure 4.6, the combined processes are back slashed. Now 

we have five relatively independent (some of them may be interdependent of 

each other) processes. Looking at the first and the third row, the user-

processor 1-5 and the user-processor 3-4-n have two relatively independent 

processes, respectively. This means that we should assign new process name 

to each process and assign new user-processor name to the new process 

names. For clarity, let us give the name user-processor A to process A 

(process 1 originally), user-processor B to process B (process 2-5 originally), 

user-processor C to process C (process 3-8 originally), user-processor D for 

process D (process 4-6 originally), and user-processor E to process E 

(process 7-9-n originally). Thus, the final process-user matrix will look like 

Figure 4.7 below. 
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Figure 4.7. A final process-user matrix after renaming user-processors and 
processes. It shows a symmetric matrix, but in reality the result may not be a 
symmetric because some processes would be spanning over various 
organizational units in complex manner. It is used to perform interview or 
any other techniques against each user-processor. 
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The purpose of this long step is to clarify responsibilities and roles of 

each corresponding user-processor relative to each process, and to prepare a 

basis for user information requirements analysis. The PUMA can be used to 

supplement the existing information gathering techniques. It helps the 

designer identify the responsibilities of users. User information requirements 

can be gathered using any known technique mentioned below. However, 

PUMA focuses on interviewing the users or administering questionnaires to 

them. Byrd et al. (1992) summarized various requirements analysis 

techniques, including behavior analysis, protocol analysis, prototyping, 

teachback interviews, open interviews, brainstorming, and goal-oriented 

approach. In this methodology, all the technologies or part of them can be 

employed, and the decision is left to the designer. 

Identifying Hyperdocuments. In the previous step, processes and their 

corresponding user-processors have been identified. Once they are 

identified, the next step is to elicit hyperdocument from the user-processors. 

Hyperdocuments include all document information that is the result of 

human and/or machine processes. When identifying hyperdocuments, we 

consider only document information as inputs and outputs to and from a 

process. For example, a product design document is the output of the 

product design process and one of its inputs may be a market analysis 

document that is produced by another process like market analysis. 

Information Screening. After hyperdocuments are identified, the 

screening process begins. In fact, every piece of information may not need 

to be put on an Intranet or representation of all hyperdocuments on an 

Intranet may not be feasible. For this reason, we must perform the 
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information-screening step. For the information screening step, the 

following tasks can be performed: (1) sorting based on the navigation 

domains, (2) removing redundancy, (3) filtering based on accessibility for 

some security reason, and (4) adding information that have been omitted in 

the elicitation of hyperdocuments (for example, non-users may need some 

information such as notes, announcements, and other miscellaneous 

information). 

Especially, the security criterion should be emphasized. When an 

Intranet is developed, the information security level within an organization 

will be different. Therefore, a special attention should be paid on the 

security measures. That is, employees should have different access 

privileges based on the degree of confidentiality of information (Hartley, 

1998). Regarding this matter, new products and methods such as creating 

links from each page of an Intranet to the Intranet's security page are 

emerging (Paul, 1998). 

In this methodology it is very easy to specify the access privileges 

using a special mark. As will be explained later in detail, when a 

hyperdocument is organized using the Metainformation Structure (MIS) and 

Information Stmcture (IS) in the navigation design, individual information 

domains (explained later), nodes, or information elements can be classified 

into confidential. The degree of confidentiality (e.g., top, medium, low, or 

none) will be specified using a triangle mark on the corner of boxes that may 

represent an information domain, a node, or an information element. Thus, 

the marked information will be accessed based on the access privileges and 

corresponding security measures. 
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Stage 4: Navigation Design 

The navigation requirements analysis stage identifies various 

thresholds for each navigation domain. Once they are identified, we should 

organize the content of each information domain into global and local 

stmctures to provide easy navigation. Although hierarchical stmctures have 

been prevailed in organizing the content of hypermedia, there have been no 

formal methods, especially in the global level. This section presents two 

new information stmcturing techniques named Metainformation Structure 

(MIS) and Information Structure (IS). The MIS organizes hyperdocuments 

in a hierarchical network to show the global stmcture. The IS is used to 

show the local stmcture of each node within the global stmcture. The next 

several paragraphs will provide the underpinning concepts for the MIS and 

the IS, which is followed by a detailed explanations about the MIS and the IS 

along with corresponding examples. 

Complexity Management for Large System Designs. 

Simon (1962) argues that hierarchical stmcture is a major facilitating 

factor enabling us to understand, to describe, and even to see complex 

objects and their parts. Managing complexity of large designs at the micro 

level in the object-oriented model is to identify the individual classes and 

objects and their interrelationships. The macro level includes groupings of 

these classes and objects in hierarchies (Monarchi and Gretchen, 1992). 

According to Cook (1996), classification begins with rounding up all the 

business processes that are related to one another and calling them process 
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classes. Then, we round up similar data to create data classes and map the 

process classes to data classes. 

Structural Organization Scheme. As mentioned previously, the notion 

of stmcture (usually hierarchical) has been a part of most hypertext systems 

since the time of the oN-Line System (NLS) of Engelbart (Engelbart, 1995). 

Structure has been defined by Coad and Yourdon (1991b) as follows: 

"Stmcture is an expression of problem-domain complexity, pertinent to the 

system's responsibilities. The term "Stmcture" is used as an overall term, 

describing both generalization-specialization (Gen-Spec) stmcture and 

whole-part stmcture" (p. 79). Gen-spec structure can be expressed as an "is 

a" or "is a kind o f stmcture. Whole-part structure can be thought of as an 

"is part o f or "has a" stmcture. These two stmctural representations are 

used in MIS. Other associations such as spatial and temporal inclusion, 

attribution, and class membership (Civello, 1993) are used for MIS and IS as 

well as user interface design. 

Attribution. Attributes of an object or a class can be divided into two 

types: standard attribute and custom attribute. In the context of hypermedia, 

a standard attribute can be defined as an attribute that describes basic 

property, quality, or characteristic of an object. For example, let us take a 

professor object. For this object, standard attributes include Name, Age, 

Date of birth. Teaching assignments, Research interest, Publication, etc. A 

custom attribute is a supplementary attribute that describes property, quality, 

or characteristic of an object or a class. From the above example, custom 

attributes for the professor include a photo, video clip, and other multimedia 

attributes excluding text. The custom attribute also includes a search 
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attribute. In fact, search is not an attribute, but it will be considered as an 

attribute for some classes of objects such as people. This search attribute 

provides a useful mechanism for the designer. On this matter, a more 

complete explanation will be given later. 

Standard attribute is further divided into three sub-types. They 

include intrinsic attribute, associative attribute, and conditional attribute. 

An intrinsic attribute can be defined as an attribute that describes the very 

basic property of an object or a class. This kind of attribute has a single, 

primitive value. From the above example, the attributes such as Name and 

Date of birth have atomic values. An associative attribute can be defined as 

an attribute that has one or more values. The attribute values are also objects 

or at least contain objects or classes. Thus values of an associative attribute 

are used for association of objects. Again, from the above professor 

example, attributes such as Teaching assignments and Research interests 

have one or more values. If we take a look at research interests, in 

hypermedia, the research area may have some description or a few words in 

which we can find objects or classes. For example, "His research interests 

are centered on expert system, requirement analysis. Intranet, and electronic 

commerce" or "Research interests: expert system, requirement analysis, 

Intranet, electronic commerce." In this description, we can find several 

objects or classes including expert system, requirement analysis. Intranet, 

electronic commerce. Based on the domain of an Intranet, we can find nodes 

that contain such objects or classes. Then, we can link these objects or 

classes. A conditional attribute can be defined as an attribute that constrains 

the values of a multiple-value attribute. This conditional attribute is applied 
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between a class and a subclass. From the above example, the professor may 

be an instance of assistant faculty that, in tum, is a subclass of the class 

faculty. If we consider only relationship between faculty and assistant 

faculty, the faculty has an attribute Rank. This Rank is a conditional 

attribute. The Rank attribute of the class faculty constrains the values of the 

Rank attribute (in this case, for example, visiting faculty, assistant faculty, 

associate faculty, and fiall faculty). The values are actually subclasses of the 

class faculty. Of course, we can think of other conditional attributes of the 

class faculty such as Distinction that will have values, say, "normal faculty" 

and "chair faculty." 

Metainformation Structure (MIS) 

This section explains how to construct a metainformation structure 

(MIS) for each navigation threshold (information domain) of a navigation 

domain. Metainformation in this research resembles "tree items" in KMS 

(Akscyn et al., 1988, p. 822). They are actually a table of contents of a 

document. Thus, metainformation is defined as the information about the 

contents of a hypermedia network. 

Thresholds (information domains) are the starting points for a set of 

MIS structures. The information domains have been identified for each 

navigation domain in the navigation requirements analysis stage. An 

information domain is nothing but a cluster of related information elements. 

When information elements are clustered semantic relationships must be 

considered. If a navigation domain is a company, we identify navigation 

thresholds for the company as done in navigation requirements analysis. 
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Basic Elements of a MIS. In constructing a MIS, the concepts of 

category node, aggregate node, and composite node are used. Figure 4.8 

shows node types and their relationships that are employed for the MIS. A 

category node shows a specific category within a threshold. For example. 
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Figure 4.8. Basic Elements of Metainformation Structure (MIS). 

user guide is a category within a document threshold. An aggregate node is 

a class on which various subclasses "grow." Thus, an aggregate node deals 

with gen-spec stmcture. A composite node is another class on which "parts" 

grow. A composite node is the root of a tree-like structure. From the 

composite node, tmnk, stem, stalk, branch, twig, sprig, spray, shoot, and leaf 

nodes grow. They come from the tree. Thus, a composite node deals with a 
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whole-part relationship. In this hierarchical network, a MIS can be up to 

nine nodes deep. 

As shown in Figure 4.8, a global node represents a navigation domain 

such as a company and is the topmost node. A global node introduces a 

stmctural relationship called "is a threshold of" A threshold node represents 

an entry point in a navigation domain. The threshold node specifies a 

stmctural relationship called "is a document of" Being specified is another 

node called category node from which information for a threshold is 

organized. This category node introduces a stmctural relationship called "is 

a category of" For example, transportation-vehicle is a category 

relationship while vehicle-car is a generalization-specialization relationship. 

Car-engine is a whole-part relationship. 

A tree-like hierarchical network can grow up to the leaf node or may stop at 

some point such as branch node, depending on the actual stmcture of a 

chunk of information. An important characteristic of a hypermedia is 

information fragmentation. In designing a hypermedia, the designer should 

limit "the fragmentation characteristic of hypertext" (Marshall and Irish, 

1989, p. 22) to increase the level of coherence. A very deep hierarchy may 

disorient readers easily (Botafogo et al., 1992). The ultimate decision 

essentially depends on the designer. 

A MIS for a Document Threshold. User information needs have been 

identified in the information requirements analysis stage. The information 

has been screened by several criteria. In this section, a MIS is illustrated for 

the document threshold as shown in Figure 4.9. It arranges hyperdocuments 

such as user guide, training documents, design documents, and others. 
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They are all knowledge products resulting from some kind of human and/or 

machine processes. When a MIS is constmcted, gen-spec, whole-part, and 

category constmcts are used. 

To constmct a MIS, documents are arranged by a category such as 

user guide. This user guide category may include many guides such as 

operating system (OS) guide, networking guide, legal guide, etc. Again, 

there may be many guides in an OS guide such as Unix guide, Windows 95 

guide, Windows NT guide, OS2/Warp guide, and so on. These individual 

OS guides are arranged in the manner shown in Figure 4.9. As illustrated in 

the figure, the basic MIS consists of various nodes. 

During an initial MLS constmction of a document threshold, the 

designer should consider only stmctures of a document. The designer 

proceeds based on either his/her judgment or document stmctures or 

semantic relationships between nodes. After constmcting the initial MIS, 

however, some adjustments on the MIS stmcture should be made for the IS 

constructions that follow. The designer should consider the appropriate size 

of nodes or appropriate clustering of identified nodes in the MIS. A MIS is a 

bi-directional network that allows two-way directions between vertical nodes 

in the MIS stmcture and horizontal nodes within the same level of the 

stmcture. However, these two-way connections are implementation-

dependent. Two-way connections between vertical nodes can become one

way connections. Two-way connections between horizontal nodes can be 

removed if there is no semantic relationships. For example, the nodes "user 

guide" and "policy handbook" can be assumed not to have a specific 

semantic relationship. In that case, the two-way connection can be removed. 
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For the adjusted MIS, if any, two link classes are used to connect 

individual nodes: hierarchical link class and referential link class. The 

hierarchical link class in a MIS is divided into two subclasses: jump link and 

step link. Jump link subclass specifies "jumping" between non-immediate 

nodes as shown in Figure 4.10. The subclass jump link has total of twelve 
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Figure 4.10. Instance links of the subclass jump link. They are used to jump 
between non-immediate nodes. This figure shows only three instance links of 
the jump link subclass (global, threshold, category link). In this 
methodology, total of 12 links is possible for the jump link subclass 
depending on a MIS stmcture. 
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possible instances of links: global link, threshold link, category link, 

aggregate link, composite link (root link), tmnk link, stem link, branch link, 

stalk link, twig link, sprig link, and splay link. A subset of the instances of 

the jump link subclass is shown in Figure 4.10. 

Another subclass step link is used for "step-by-step" traversal between 

immediate nodes. In step link subclass, there are two instances of links: 

specialization link and inclusion link. Specialization link includes links 

between global node and threshold node, threshold node and category node, 

category node and aggregate node, aggregate node and composite node (root 

node). Inclusion link consists of links among nodes below root node. The 

referential link class in a MIS has one instance called parallel link that 

connects siblings within the same level of a MIS. The parallel link and the 

instances of step-link subclass are shown in Figure 4.11. The parallel link 

indicates spatial or temporal inclusion. Thus, it is very important to arrange 

the nodes based on spatial or temporal inclusion. 

Note that the upward links of the jump link subclass can be specified 

by various menu items or navigation objects, and that downward links of the 

jump link subclass can be provided by a mechanism such as an index or a 

table of contents. This also applies to the instances of step link subclass. 

That is, upward links can be specified within the document structure, but 

downward link may need an index such as the table of contents. 

Information Stmcture (IS) 

After constructing a set of MIS structures, the next step is to elaborate local 

structures of nodes within the MIS using the information structure (IS). It is 
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Figure 4.11. Instances of step link subclass. It shows two instances. 
Specialization links for "is a threshold of," "is composed of," "is a category 
of," and "is a." Inclusion links for "is part of relationships. Parallel links for 
spatial or temporal relationships between nodes. The two-way directions of 
all links show only "possible" connections. This means two-way connections 
can become unidirectional depending on the application context. 
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used to identify within-node (recursive) links and cross links between an 

information element and another node existing in other nodes. An IS deals 

with individual entities of the end nodes identified in the corresponding MIS, 

instead of dealing with abstract aspects of information. The starting point 

can be any node in a MIS. Thus, the subject for an IS can be any node 

within the MIS. A non-branching can be called an "end node." The 

"branching" (e.g., "Microsoft TCP/IP Problems" node in Figure 4.11) nodes 

may be subjects for IS constmction. However, those branching nodes are 

deliberately mled out to avoid complexity. In Figure 4.11, for example, the 

three nodes at the twig node level "troubleshooting IP problems," 

"troubleshooting name resolution problems," and "troubleshooting other 

problems" are non-branching nodes. 

The first thing to do is to identify classes from the contents of a non-

branching node. The next step is to identify conditional attributes for each 

class. This step is called subclassing. After subclassing based on conditional 

attributes, other standard attributes—m^m^/c attributes and associative 

attributes—diXQ identified. The intrinsic attributes are combined into a 

composite attribute called "overview." A similar concept is used in 

Isakowitz et al. (1995). They called the composite attribute "general slice" 

(p. 36). An overview is, however, different from a general slice in that 

overview does not contain multimedia contents such as a photo. Those 

multimedia contents of an object (entity) are analyzed separately in the 

context of custom attributes. Custom attribute consists of multimedia 

attributes, overview, and sometimes search attribute. Nonetheless, some 

entities may not have search and multimedia attributes. As stated earlier, 
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information security is very important issue even for the Intranet because 

employees of an organization may have different access privileges based on 

the confidentiality of information. Therefore, as explained earlier, a special 

mark should be used when the designer constructs an MIS or an IS. The 

degree of confidentiality of each information unit will be determined in the 

user information requirements analysis stage. The degree of confidentiality 

of each information element can be determined based on several factors such 

as organizational level, information content, and other criteria. Once the 

degree is determined, the implementation of actual method of granting 

different access privileges would depend on the currently available security' 

measures. The simplest form would be password access. Another method of 

limiting access to an information unit or element would be using a security 

page to which all confidential pages containing confidential information are 

connected. When a user clicks a link that is anchored a confidential page 

would be routed to the security page. Then the security page imposes the 

specified access method. Yet another possible implementation of security 

measures would be using firewalls to a server in which all confidential 

information is stored. This method may be feasible when the body of 

confidential information is large because deploying another server and 

firewalls may cost an organization depending on the level of sophistication 

of the machines and technologies. The various links are established in the 

last step. All identified classes, subclasses, objects, and attributes are again 

organized by a hierarchical network stmcture. The following paragraph 

explains the detailed steps using the graduate handbook of an information 

system's department. 
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An IS for a Document Threshold. The graduate department handbook 

may be a non-branching node. The first step is to identify entity types 

(classes). There are three classes including Faculty, Course, and Program. 

We may think of other classes. Figure 4.12 shows a hierarchical stmcture of 

the handbook. As shown in the figure, each level of nodes has their names 

(e.g., end node, class node, etc.). Every class has one or more objects and 

may have several subclasses (Coad and Yourdon, 1991a). This means that 

End 
node 
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nodes 

Subclass-
nodes 

Instance 
nodes 

Attribute 
nodes 

Value 
nodes 

Information Systems 
Department's 

Graduate Handbook 

Faculty Course 

ISQS 
7346 

Program 

Over 
view 

Advi 
sor 

Course 
requirements 

Photo 

Over 
view 

Instr 
uctor 

Prere 
quisite 

Dr. A 
ISQS 
7339 

Dr.C 
ISQS 
7340 

ISQS 
7339 

ISQS 
7338 

Figure 4.12. An Information Stmcture (IS). Three classes and their 
subclasses are shown in this example. Some attributes and their values are 
also shown. Note that certain attribute may have currently a single value. 
However, the possible number of values for an attribute may be one or more 
(e.g., Instmctor attribute of ISQS 7346 instance). The shaded instances are 
occurring within this node or across other nodes. 
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certain classes may not have sub-classes, which, in tum, means the class may 

not have a conditional attribute. If there is no subclass in a class, the class 

has no conditional attribute. From the above example, the class Faculty has 

at least three subclasses (i.e., assistant, associate, and full). This subclassing 

is performed by the conditional attribute Rank. A subclass may be broken 

down further into lower level subclasses. This can be accommodated by this 

IS. If there is more than one subclass, then they can be called "first 

subclass," "second subclass," and so on. Under a subclass or a class, several 

instances are possible. For example, there are instances of Dr. A, Dr. B, and 

Dr. C under the subclass Associate. 

Then, Dr. B has several attributes, including standard attributes (i.e., 

teaching, publication), custom attributes (i.e., photo, video clip), and a 

composite attribute called overview. There may be a lot of faculty members 

in the department. In that case, a special custom attribute Search is attached 

to class Faculty or subclasses Assistant, Associate, or Full. In the 

implementation stage, this Search attribute indicates there needs a search 

procedure for the class or subclasses. The composite attribute Overview is a 

combination of intrinsic attributes such as name and date of birth. The 

custom attributes, composite attribute "Overview," and the special custom 

attribute Search are considered just a composite object with no instances. 

Nonetheless, standard attributes have their corresponding values. For 

example. Dr. B has two standard attributes (i.e., teaching and publications). 

The values of the attributes are again represented by other classes, 

subclasses, or objects. This provides a cross link, an instance of referential 
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link class in an IS. The cross links are not shown. The connection is shown 

implicitly rather than explicitly. For example, the link between Dr. A under 

Associate is cross-linked to Dr. A under Instmctor attribute of the instance 

ISQS 7346. In this way, all cross links are identified. The shaded boxes 

indicate such cross links. Figure 4.13 shows the instances of step link 

subclass in the IS just as in a MIS. Although all elements of the IS are 

connected to each other in both directions, the existence of such links 

depends on the context of a document or information. 

End 
node Information Systems 

Department's 
Graduate Handbook 

Class 
nodes 

Conditional link 

Subclass-
nodes 

Instance 
nodes 

Intrinsic link 

Attribute 
nodes 

Value 
nodes 

Video 
clip 

Photo 

Associative link 

Figure 4.13. Instances of step link subclass and referential link class. Shown 
are six instances of the step link subclass. Again, the individual nodes should 
be arranged on the basis of spatial or temporal inclusion when establishing a 
sibling link which is an instance of referential link class. The cross link is not 
shown, but indicated by shading. If there are more than one subclass, then 
there will be more than one conditional link. 
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To summarize, there are two classes of link in an IS: hierarchical link 

class and referential link class. Unlike the MIS, the IS has no jump link 

subclass. Step link subclass is the only one subclass of the hierarchical link 

class. There are two instances of the referenfial link class: sibling link and 

cross link. A sibling link provides a connection between class nodes, 

between subclass nodes, or between instances within the same IS. A cross 

link provides a connection between elements of different files or different 

sites. Figure 4.13 shows various instances of the step link subclass. Note 

that when establishing sibling links, we should arrange nodes by spatial or 

temporal inclusion. There is no sibling link between attribute values and 

between attributes. 

Stage 5: File Stmcture Design 

A nonvirtual stmcture is a storage stmcture of node/link network of a 

hypermedia application that is essential in hypermedia (Gronbaek and Trigg, 

1994; Halasz, 1988). In Dexter Model (Halasz and Schwartz, 1994), it is 

called storage layer. This research uses a file as a basic storage unit. A file 

can contain one or more nodes identified in MIS stmctures. Thus, this stage 

is called file stmcture design stage. When storing information contents, they 

have been organized in various individual units such as NoteCards (Halasz, 

1988), Frames (Akscyn et al., 1988), HyperCard (Goodman, 1987), 

Documents (Engelbart, 1984; Yankelovich et al., 1988), and Components 

(Halasz and Schwartz, 1994). For example, a frame in KMS (Akscyn et al., 

1988) is a window displaying a unit of information. If the unit of 

information is large, several frames are used. However, the Web displays a 
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sequence of windows scrolling up or down depending on the size of 

information to be displayed. 

Just as a normalization process exists in the database field, an 

information-stmcturing process exists in hypermedia field. The effort to 

constmct the MIS and the IS reflects the stmcturing process. In the first and 

second-generation hypermedia systems (Halasz, 1988), individual nodes 

have been stored in a unit such as a frame. However, most of the units used 

in the first and second generation have some size constraints. This 

sometimes forces the designer to consider the size of content during design. 

As mentioned above, however, the current Web displays various HTML files 

that have no predefined constraints. But there may exist a certain reasonable 

size for each file (especially text-dominant files) to enhance user's local and 

global coherence. If a file is too big, readers will soon be bored (Kahn, 

1995a). So the appropriate size of a file is important. If a file size is too 

small, however, (which means the total number of files are huge in large 

applications such as Intranet), it may hamper updating and management. 

This means that the adjustments on the initial MIS are very important. If the 

designer reconstructs a MIS, the corresponding IS stmctures must also be 

reconstructed. The adjustments are important because user-interface design 

depends on the MIS for a given application domain. 

Although an appropriate size of a node should be verified through 

empirical studies, several suggestions can be made for the file stmcture 

design. They include: (1) if possible, combine related nodes and make it a 

file; (2) make a file for each non-textual media information and embed them 

into appropriate places where they belong; (3) store multimedia files in their 
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categories; and (4) store text files in their own roots or navigation domain 

directories. These suggestions are derived based on the considerations of 

update and other information management needs. 

Stage 6: Virtual Stmcture Design 

The basic hypermedia model is often presented as an information 

framework built from nodes and links. However, the use of such simple 

formalism might be too restrictive to design and develop large hypermedia 

applications (Garzotto et al., 1991). As pointed out by Halasz (1988), the 

use of simple formalism raises the difficulty with working with rapidly 

changing information. That is, the hypermedia network does not reconfigure 

itself in response to rapidly changing information. This problem is similar to 

that of database application. In a database application, several relations are 

joined or a relation is projected to produce a user view. In hypermedia 

applications, the issue is related to the way of producing "reader" views from 

existing nodes and links. Thus, this virtual stmcture problem is based on the 

central notion of query in hypermedia to which many studies have been 

dedicated (Beeri and Komatzky, 1990; Benmrad et al., 1995; Botafogo, 

1993; Consens and Mendelzon, 1989; Halasz, 1988; Hara et al., 1991; 

Lucarella, 1992; McCall et al., 1990). In this methodology, two ideas are 

proposed. One possibility is to make a file header containing information 

about the file. Another one is to fire all related files simultaneously using 

some mechanism or program such as an applet, which fires all the related 

files in different panes. To do that, possible reader view descriptions should 

be first defined. 
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Stage 7: User Interface Design 

In spite of the growing concem with hypermedia design methods such 

as RMM (Isakowitz et al., 1995), those methods usually neglect user 

interface design. Rossi et al. (1995) claim that a formal design model should 

be used prior to implementation of user interfaces for hypermedia 

applications, and that a formal design model should incorporate user 

interface-related design principles, including (1) global stmcture and 

controls, (2) local structure and controls, (3) the appearance of navigational 

objects, (4) other interface objects that activate navigation such as hot-spots, 

(5) user's perception of the user interface, and (6) synchronization of time-

based media such as audio and video. In this section only global structure, 

local structure, interface objects other than controls, and navigational 

objects of user interface are considered. The specific appearance of a 

navigational object is related to aesthetic aspects such as colors, and depends 

on the designer. Controls are menu items such as "Back" and "Forward" that 

can be found in browsing software (e.g., NetScape Navigator and Microsoft 

Intemet Explorer). The Intranet content is viewed by such browsing 

software. Thus, controls are excluded from the consideration. 

Synchronization of time-based media and user's perception are the beyond 

of the scope of this method. Some studies on synchronization can be found 

in Gronbaek et al. (1993), Hardman et al. (1994), and Shibata and Katsumoto 

(1993); many other studies have been dedicated to the human cognition issue 

(e.g., Bas and Hules, 1994). The proposed formal design model for user 

interface is based on Minsky's frame (1975). In the next several paragraphs, 

various steps of the formal design model are described. Note that the 
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proposed user-interface design method is highly dependent upon the 

navigation design specifications, implying the non-general nature of this 

proposed methodology. 

Minsky's Frame. A frame is a template that represents knowledge 

through its instances, its attributes, and their values (Minsky, 1975). The top 

level of the frame represents attributes that are always tme and so remain 

fixed. Lower levels of the frame have slots that must be filled by specific 

instances or values for them as shown in Figure 4.14. Each slot may specify 

conditions requiring smaller subframes. Collecfions of related frames 

constitute frame-systems that have many frames. Transformations between 

various frames may be triggered depending on information elements 

TREE Frame 

Specialization-of: 

Number-of-trunks: 

Style-of-bark: 

Leaf-mode: 

Leaf-shape: 

Plant 

Integer (default is 1) 

Smooth, shingled, ... 

Coniferous, deciduous, ... 

Simple, lobed, compound, ... 

Figure 4.14. An example frame for the generic tree. The top level in the 
frame is called attribute. The lower levels have slots. In this frame, the 
attribute is "Specialization-of," and slots are "Number-of-tmnks" through 
"Leaf-shape." 

contained in slots. Some slots may have default values that can be changed 

by a process. For example, Figure 4.14 shows a frame for the generic tree. 

The top level of the frame (i.e., Specialization-of) is an attribute of the 

generic tree. Although the four slots describe a great deal about the possible 

configuration of a component plant, other slots can be added to describe a 
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particular tree to almost any degree of detail. Attributes in the frame 

represent class-subclass relationship and slots do attributes in an object-

oriented model. Thus, based on this generic tree frame, a specific tree, say, 

maple can be described. The two immediate advantages of frames include 

(1) a number of different objects may share the same frame, and (2) frames 

provide a natural hierarchy through the subframe stmcture (Winston, 1977). 

Thus, the frame for describing a room should have subframes for each wall, 

the ceiling, and the floor. Each wall frame may contain subframes for 

picture, door, window, and so on. So the second advantage represents the 

whole-part and spatial inclusion relationships. The first advantage represents 

inheritance in an object-oriented model. These properties are utilized in the 

MIS and in the IS constmction. The following model is a guideline for user 

interface design. A universal formal model for interface design may not 

exist. This means the actual user interface depends on the designer and other 

circumstances. The guideline is based on the MIS and IS constructed in the 

previous sections. 

MIS Frame System. A MIS frame system has three sub-frame 

systems, and each frame of a sub-frame system has its attribute(s) and slots 

in the sense of Minsky's frame (1975). An example will be first given to 

increase understandability before the frame stmcture is described in detail. 

A MIS frame system, in this research, represents a collection of screens. A 

MIS frame system is divided into three sub-frame systems. Each sub-frame 

system is a collection of panes. Figure 4.15 shows the MIS frame system. 

The MIS frame system excludes the menu bar and tool bar portions of a 

browser. That is, the Intranet contents are viewed by commercial browsers. 
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Any commercial browser has a menu bar and a tool bar. Actual contents of 

an Intranet are displayed on the remaining window. Thus, in a MIS frame 

two subframes will contain abstract information from all the 

metainformation stmctures constmcted for all navigation domains. 

Menu frame 

Index 
frame 

Content 
frame 

Figure 4.15. A MIS Frame System. It is divided into three sub-frame 
systems. Contents to be displayed is implied by the names of the sub-frame 
systems. 

Menu sub-frame will display menu items that are navigation domain names 

such as headquarters, Europe branch, Asia branch, Dallas branch, etc. Each 

menu has submenus containing threshold names for a specific navigation 

domain. Index frame will contain the stmcture of a specific MIS. When the 

Intranet is initially opened, there will be no distinction between index frame 

and content frame. They share the same frame. The combined frame will 

display an introduction that includes a welcome message, guide to the 

window, etc. Index frame and content frame are other frame-systems 

because the two frames will consist of many subframes. Logo may be added 

to the menu frame or any other frame. The designer can even create more 

frames, if necessary . 

Let us consider the MIS for a document threshold in the early stage 

(see Figure 4.11). Intranet may have many navigation domains. Let us 
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assume that the navigation domains are Headquarters, an Atlanta branch, a 

Europe branch, and an Asia branch: they all are global nodes. These 

navigation domains are menu items. A navigation domain may have many 

thresholds such as Document, People, etc.: they all are threshold nodes. 

They are submenus for the navigation domain, say, headquarters. Under a 

threshold, there are many document categories such as user guide: they are 

category nodes. Under the user guide category, there are many guides such 

as OS guide: they all are aggregate nodes. Under the OS guide, there are 

various OS guides such as Windows NT guide: they are composite nodes, 

etc. Thus, the menu frame will contain global nodes and threshold nodes. 

The index frame system will contain other nodes. Figure 4.16 shows the 

initial screen when the Intranet is opened. The initial screen has some 

Headquarters Atlanta Braiich Etirope Branch Asia Branch 

Welcome to MIS Intra 
Document 

Computation 

Business unit 

This intranet will provide various internal information and 
computational facilities. You can access information according 
to domains and thresholds. To do that, please click a menu 
where you have interest. You will see submenus which 
represent thresholds (entry points) to the amazing hyperspace. 
Enjoy! 

Figure 4.16. The initial screen when an intranet is first connected. There is 
no distinction between index frame and content frame. Menu items and one 
of their submenus are shown. 

welcome messages and some instructions. The details will vary depending 

on the actual Intranet. Colors may be used. Most often, images or any 

multimedia content will be displayed together with the welcome message. It 
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entirely depends on the implementation. The figure also shows pull-down 

submenus. This can be implemented by other methods available. 

When the user clicks one of the submenus, say, document submenu of 

the Asia Branch main menu, the two combined frames will be separated into 

index window and content window. In the index window, the stmcture of 

the document MIS will be displayed. The index frame contains a table of 

contents up to two levels to avoid cluttering. The content frame will display 

a brief introduction of the first highlighted category node, say, user guide. 

Figure 4.17 shows a possible second screen. 

In this way, many subframes of both index frame and content frame 

can be constmcted. For the menu frame, there will be no specific subframes. 

It is persistent through all the navigation, and can be hidden by a click. 

Although button and hotspots are considered the same objects (Davis, 1995), 

Headquar ters Atlanta Branch Europe Branch Asia Branch 

User Guide 

A Guide 
B Guide 
OS Guide 
C Guide 
D Guide 

Reporting Guide 

Policy Handbook 

Sales Guide 

Stocking Guide 

• 
R -^3n 

« ! » • 
This is the user guide to various 

fields including OS guide. 
Reporting Guide, Policy Handbook , 

Sales Guide, and Stocking Guide. 
You will find various information. If 
you want to see any specific guide, 
please click corresponding word. 

Figure 4.17. A possible next screen for an intranet. It shows index frame and 
content frame. In index frame, there is a table of contents. Depending on the 
size of a table of content, the table of contents for the User Guide may be 
displayed on the next screen. It shows a "go back " button and "hotspots". 
This kind of buttons is based on the links of step and jump link types 
identified in the navigation design stage. 
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this research distinguishes two different meanings. A button is a stand-alone 

link such as the arrow in the Figure 4.17. Thus, a button represents a jump 

link or sometimes a step link. A hotspot is an embedded link such as 

underlined words in the Figure 4.18. Thus, a hotspot represents a step link or 

sometimes a jump link. Now, let us generalize the MIS frame. Figure 4.18 

shows a generalized MIS frame system. It is a collection of three sub-frame 

systems: menu frame sub-system, index frame sub-system, and content 

frame sub-system. Each frame sub-system may consist of more than one 

frame. That is. Figure 4.17 shows a stmcture of the MIS frame system with 

three frame sub-systems, each of which contains more than one frame based 

on the MIS and the IS. 

The MIS frame (including menu frame, index frame, and content 

frame) can be thought of as a frame system. This frame system has three 

sub-frame difference between the MIS and the IS lies in that there is no 

index frame for the IS. To constmct an IS frame, various step links and 

jump links get the main focus. Note that the meaning of Minsky's frame 

(1975) is different from that of "frame" used to divide a "window" into 

several "panes." In this research, one or more (sub)frames can become a 

window or a pane. 

Stage 8: Implementation 

The models (i.e., MIS, IS, Frame) can be implemented in a 

straightforward manner by (1) mapping the objects within nodes identified in 

various stages into concrete objects, and (2) organizing the various nodes 
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Menu frame 
Index frame 
Is-a-subframe-of: MIS frame 
No-of-level: Integer (default = 2) 
Content: various node names 
Etc. 

Content frame 

Static media Dynamic media 

Text 

Category node frame 
Is-index-of: Threshold node names 

First level: Category node names 

Second level: Aggregate node names 

f 
Aggregate node frame 
Is-index-of: Category node names 

First-level: Aggregate node names 

Second-level: Composite node names 

I 

Formatted 
data Button 

Text frame 
is-a-frame-of: content frame 
Font: Arial,... 
Color: Red,... 
Location:... 
Size: Integer (default = 100 words) 
Hotspot: Cross link, Attrivalue link. 
Etc. 

Composite node frame 
Is-index-of: Aggregate node names 

First-level: Composite node names 

Second-level: Trunk node names 

if 

Menu frame 
Menu-name: Global node names 

Submenu-name: Threshold names 

Size: 200 by 50 pixels 

Etc. 

Figure 4.18. A generalized MIS frame system. It shows several sub-frames 
for the index frame. In the content frame, there are five sub-frames. The 
menu frame is shown for clarity (not a sub-frame). A text frame may have 
slots for hotspots. This means a frame is needed for each hotspot. Button 
frame is for the buttons (e.g., go-to). Static media frame contains images and 
graphics. Formatted data contains forms or spreadsheet data. Dynamic media 
frame contains audio, video, or animation. 

into files. When converting a node or a set of nodes into a file, the designer 

should consider the appropriate size of the file. Intranets are implemented 

using the Web technologies and architecture, including TCP/IP, HTML, and 
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Client/Server architecture. Thus, other hypermedia platforms such as 

HyperCard and ToolBook need not be considered. However, there are 

several available tools for Intranet application development such as 

Microsoft's FrontPage and InterDev. In addifion to Hypertext Markup 

Language (HTML), some other languages are available for Intranet, 

including Sun's Java, CGI, ActiveX technology, and VBScript. The choice 

of tools and languages is entirely dependent on the designer and the 

organization implementing the Intranet. 

Stage 9: Testing 

During the development of an Intranet, prototyping is essential in 

iterative system development. The prototyping provides testing capabilities 

and cloning (reusing) capabilities. In testing capabilities, sample information 

is filled in for each object and node to experience the working mode and get 

feedback from actual users. In the previous section, user-processors are 

identified. When mnning a prototype, each user-processor can provide 

valuable feedback on his or her turf. In the cloning capabilities, the designer 

can replicate parts of the Intranet application. The granularity of cloning 

depends on the parts whereon a prototype is implemented. For example, the 

designer can clone a MIS, an IS, or both along with user interfaces. 

Intranet audience can use a number of different browsers, each of 

which can present contents quite differently. Thus, it is essential to test the 

Intranet using as many different browsers as possible, on different platforms 

(such as Windows NT, Unix, Windows 95, and Macintosh) and at different 

modem speeds. It is not unusual to find a navigation button or hotspot 
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properly appearing in a comer of a page in one browser but in the middle of 

a page in another browser. 

Chapter Summary 

The proposed Intranet Design Methodology (IDM) has 9 stages. 

However, only information requirements analysis, navigation design, and 

user interface specification have the focus. The details of the three stages 

were described. The iterative aspect of the IDM and the importance of 

prototyping are emphasized. A technique for information requirements 

analysis called Process User Matrix Approach (PUMA) has been proposed to 

identify hyperdocument information. In navigation design, two information 

stmcturing techniques, the MIS and the IS, have been employed to provide 

guides to and stmctures of hyperdocuments. To constmct the MIS and the 

IS, various knowledge classification schemes are used. After the navigation 

design, some suggestions were made for the file structure design and virtual 

stmcture design techniques. A technique for user interface specification was 

proposed using Minsky's frame. Some suggestions were also made for both 

the implementation and testing stages. 
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CFL\PTERV 

PROTOTYPE DEVELOPMENT 

This chapter describes the prototype development process. It is based 

on the proposed Intranet design methodology named the IDM, which has 

been initiated by the basic issues in designing and developing hypermedia 

applications. The chapter consists of three parts: development environment 

of the prototype, design of the prototype, and implementation of the 

prototype. The chapter concludes with a description of the operation of the 

prototype. 

Development Environment 

Decisions regarding the prototype development environment include 

the selection of an application domain, Web server hardware and software 

with an operating system, and Intranet development tools. In addition, the 

decisions should include the selection of a Web browser. The development 

authority of an Intranet can require the user of the Intranet to use a specific 

Web browser, depending on management intentions and organizational 

policy. Using a single browser will significantly reduce the burden of an 

Intranet designer because he/she does not have to consider every difference 

between currently available browsers. This is not the case of the Intemet 

where the development authority cannot force the general public to use a 

particular Web browser. 

Application Domain 

The application domain of the prototype Intranet is the Department of 

Business Computer Information Systems and Quantitative Methods 

100 



(BCIS/QM Department) of the Hofstra University, Hempstead, New York. 

The BCIS/QM Department has 27 full-time and part-fime faculty members. 

It has also four full-time and part-time staff members. The application 

domain has been selected by considering the following: 

• An Intranet can be implemented for a large organization or for a 

functional unit such as a department of an organization (Hills, 1997). 

• It is believed that an Intranet can provide a solution to a set of problems 

the current organizational information systems face, including disparate 

information sources, heterogeneous interfaces, disparate document file 

formats, and absence of a single online delivery tool (Peter, 1995). This 

implies that it would be better to select such an application domain that 

suffers from one or more organizational information issues mentioned 

above. Even though the BCIS/QM Department is using a Group Ware for 

communications, the main applications are electronic mail and personal 

information management such as scheduling. Each faculty and staff 

member has a networked computer with various software installed. 

Some people use Windows 3.1® while some use Windows 95® as their 

operating systems. A few faculty and staff members are even reluctant to 

use computers. A pile of departmental and personal memos with 

different formats circulates everyday. There is no centralized pool of 

information regarding department affairs such as requesting a computer 

lab for a class, memo formats, meeting calls, changing office hours, 

various committees, and so forth. 

• An application domain should not be trivial to properly operationalize the 

proposed methodology and provide an appropriate set of information 

elements to realize the benefits from an Intranet (McCarthy, 1996). As 
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mentioned earlier, the BCIS/QM Department has 27 faculty members and 

about 350 students. The department produces/uses a lot of data and 

information as a result of teaching, administrafion, and research. The 

prototype Intranet focuses on the administration and teaching part of the 

department. 

Web Server Hardware and Software 

An Intranet can be hosted in various types of platforms including 

personal computers, workstations, mini computers, or mainframes with 

various operating systems. The Web server hardware for the prototype 

Intranet is a personal computer mnning on Windows 95®. It was chosen as 

a development platform because it: (1) offers multitasking capabilities; (2) is 

the official operating system of the BCIS/QM Department and the Hofstra 

University; (3) is supported by a wide variety of software and tools; and (4) 

is widely used in other organizations. 

The Web server software is Microsoft® Personal Web Server®. The 

software can be used for a small Intranet site. It is very simple to install and 

manage. It supports five user connections at the same time within a LAN 

environment. The Microsoft Personal Web Server is seamlessly integrated 

with a Web development tool called Microsoft FrontPage 97®. There was 

another advantage to use the Personal Web Server. It was very easy to 

install and automatically generated a Uniform Resource Locator (URL) in 

the LAN environment. Even though the Personal Web Server can be made 

accessible to users outside the Hofstra LAN, central computing authority 

does not allow this for security reason. 
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Intranet Development Tools 

To develop the prototype Intranet for the BCIS/QM Department, a set 

of tools has been employed. The main tool was Microsoft FrontPage 97, a 

what-you-see-is-what-you-get (WYSIWYG) Web development tool. 

FrontPage 97 was chosen because it: (1) provides a very convenient Intranet 

development environment such as integrated editor, explorer, and viewer; 

(2) is seamlessly integrated with Microsoft Personal Web Server by 

FrontPage Server Extensions; (3) provides remote development facility; and 

(4) does not require heavy programming effort. 

Other tools include Microsoft Image Composer and HTML 3.0. 

Image Composer was used to create and/or edit images. Although 

FrontPage does not require a deep knowledge of HTML, it does not support 

every element of HTML. This means that the designer should know HTML 

even when he/she uses a WYSIWYG tool such as FrontPage. 

Web Browser 

The official browser of the Hofstra University is Netscape's 

Navigator®. Although the use of other browsers is not prohibited, the 

computing center discourages their use based on some conflicts with 

existing software and configurations. Thus, the prototype Intranet was 

developed for Netscape's Navigator. After developing the prototype 

Intranet, it was tested against Microsoft Intemet Explorer®. Except for page 

margins, no particular problems have been found. 

Design of the Prototype 

As explained in Chapter IV, the proposed Intranet design 

methodology (IDM) consists of several stages that can be categorized into 
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analysis, design, and implementation phases of an Intranet. This section 

applies the analysis and design phases to the BCIS/QM application domain 

to show how it has been analyzed and designed for implementation of the 

BCIS/QM prototype Intranet system (see Figure 4.1 for overall stages of the 

IDM). The main stages of the IDM include navigation requirements 

analysis, information requirements analysis, navigation design, user 

interface design, and implementation. 

Focus of the Analysis and Design 

As can be seen in Figure 4.1, the IDM starts with a feasibility study. 

This stage is a sort of placeholder in the IDM to show full Intranet 

development procedure. An Intranet is also an application. When a new 

application is proposed, it normally goes through a feasibility study before it 

is approved for development (Davis and Olson, 1985). As mentioned 

earlier, however, the IDM focuses on the analysis and design phases so that 

the feasibility study is beyond the scope of the IDM. It is hard, however, to 

expect that the feasibility study for the Intranet is different from that for 

conventional information systems. 

File stmcture design deals with a storage stmcture of node/link 

network of a hypermedia application. Like the Web, the IDM uses a file as a 

basic storage unit. A file can contain one or more nodes identified in the 

Metainformation Stmcture (MIS) and may contain numerous links 

depending on the Information Stmcture (IS). Historically, hypermedia 

content has been organized in various individual units such as NoteCards 

(Halasz, 1988), Frames (Akscyn et al., 1988), HyperCard (Goodman, 1987), 

Documents (Engelbart, 1984; Yankelovich et al., 1988), and Components 

(Halasz and Schwartz, 1994). However, the Web displays a sequence of 
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windows scrolling up or down depending on the size of content to be 

displayed. But there may exist a certain reasonable size for each file 

(especially text-dominant file) to enhance user's local and global coherence. 

If a file is too big, readers will soon be bored (Kahn, 1995a). So the 

appropriate size of a file is important. Nevertheless, the question of what 

file size is the most appropriate needs further investigation. 

Virtual structure design pertains to the way of producing "reader" 

views from existing nodes and links. Thus, this virtual structure problem is 

based on the central notion of query in hypermedia to which many studies 

have been dedicated (Beeri and Komatzky, 1990; Benmrad et al., 1995; 

Botafogo, 1993; Consens and Mendelzon, 1989; Halasz, 1988; Hara et al., 

1991; Lucarella, 1992; McCall et al., 1990). In this methodology, two ideas 

are proposed. One possibility is to make a file header containing 

information about the file. Another idea is to fire all related files 

simultaneously using some mechanism or a program such as an applet that 

fires all the related files in different panes. To do that, possible reader view 

descriptions should be first defined. Currently, various search engines 

provide partial solutions to this problem. 

As explained in the above paragraphs, the analysis and design will 

exclude a feasibility study, file structure design, and virtual structure design. 

Hardware and software selection is already described in the development 

environment section. This section will focus on the other stages of the 

analysis and design phases, including navigation requirements analysis, 

information requirements analysis, navigation design, and user interface 

design. The navigation requirements analysis is performed as if Hofstra 

University is the application domain. 
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Navigation Requirements Analysis 

In this stage both navigation domains and information domains are 

identified. A navigation domain is a list of sub-application domains of an 

Intranet application domain. In the BCIS/QM prototype Intranet case, the 

navigation domains may include various departments of the School of 

Business at Hofstra University. In fact, BCIS/QM Department of the 

Business School is a sub-application domain (i.e., a navigation domain in 

terms of the IDM) as well as an application domain. That is, the application 

domain and the navigation domain are the same in the BCIS/QM prototype 

case. In more general cases they will be different (e.g., School of business 

as an application domain and various departments as navigation domains). 

Once the navigation domains are determined, information domains 

should be identified for each navigation domain. An information domain is 

a threshold (i.e., an entry point) to a group of related information elements. 

The information domains of the BCIS/QM prototype Intranet include 

PEOPLE, DOCUMENTS, CLASSES, COMMUNICATIONS, and 

SEARCH. The menu items of About Us and What's New? can be seen as 

attributes of the navigation domain (i.e., BCIS/QM department, the global 

node in the MIS). There is no specific naming convention for the 

information domains. The determination of the name of information 

domains is arbitrary. Nonetheless, this categorization helps the designer get 

a rough idea about the organization of various pieces of information. The 

information domain names may be changed, added, or removed after the 

information requirements analysis that will be described in the next 

paragraph. The result of the navigation requirements analysis is summarized 

in the Table 5.1 below. 
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Table 5.1. The Result of the Navigation Requirements Analysis. It shows 
navigation domains and information domains as well as the application 
domain for clarity. 

Application Domain 

Navigation Domain 

Information Domain 

BCIS/QM Department 

BCIS/QM Department 

People, Documents, Classes, 

Communications, Search 

Information Requirements Analysis 

To identify information requirements of users, the proposed Process 

User Matrix Approach (PUMA) has been employed. The PUMA utilizes 

matrices of users and their activities (processes) within the given application 

domain. Although it will be more useful when the application domain is 

large and complex, the relatively small application domain of the prototype 

Intranet can benefit from the PUMA. It consists of four steps: navigation 

domain modeling, identification of user-processors, identification of 

hyperdocuments (information), and information screening. The following 

paragraph will apply the procedure to the BCIS/QM Department. 

Navigation Domain Modeling. A navigation domain model consists 

of two sub-models. The first sub-model is the navigation domain structure 

model based on the formal stmcture of the whole navigation domain. Based 

on the navigation domain stmcture model, processes (activities) are 

identified. This model is called the navigation domain process model. 

Figure 5.1 shows the two models. These two models are derived within the 

context of the entire application domain (Hofstra University) as mentioned 

earlier. 
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School of 
Education 

Hofstra University 

School of 
Business 

School of 
Arts 

Accounting 
Department 

Marketing 
Department 

\ BCIS/QM 
1 Department 

Management 
Department 

Finance 
Department 

A partial navigation domain structure model 

Administration Support 

BCiS/QM 
Department 

Personnel Teaching Service 

A navigation domain process model 

Figure 5.1. Navigation domain model of the BCIS/QM Department. It 
consists of a navigation domain structure model and a navigation domain 
process model. The navigation domain stmcture model is developed 
partially to avoid cluttering. 

Identification of User-Processors. For this step user-processors (i.e., 

people who will use the Intranet while they are working) and various 

processes (activities) should be identified first to clarify the major 

responsibilities, roles, or boundaries of processes performed by each user-

processor. The application domain is relatively small and moderately 

complex. This did not require full application of the matrix manipulation. 

Identifying user-processors and processes was quite straightforward. 

The user-processors of the BCIS/QM Department include staff and 

faculty members. Faculty members include full-fime and part-fime 

professors. Staff members include secretaries and a chairperson of the 

108 



department. The chairperson is also a faculty member. Other faculty 

members render various administrative services to the department in 

addition to teaching. However, non-tenured and part-time faculty members 

cannot participate in the Departmental Personnel Committee (DPC). This 

implies that, except for the chairperson, faculty members can be divided into 

three categories: DPC members and faculty-servers who are participating in 

various committees to render various services, and faculty-instructors who 

only teach courses. For example, full-time faculty members are working for 

various committees and also teach various courses, while part-time faculty 

members only teach courses. As a result, user-processors include staff, 

chairperson, faculty-server, and faculty-instmctor, and DPC members. 

Processes of the user-processors include administration, teaching, 

personnel, support activities, and service activities. Support activities 

involve writing memos for various departmental events, advising faculty 

members in various procedures and policies regarding teaching, services, 

arranging meetings, responding to student inquiries, and other supporting 

activities such as arranging computer labs and teaching schedules. 

Personnel activities include appointment, reappointment, promotion, and 

others. Services include advising students in registration, participating in 

various committees, and so on. The identified user-processors and processes 

are organized into a matrix in Figure 5.2 to show major roles of each user-

processor or group of user-processors. Note that Figure 5.2 is the final 

result. The intermediate steps are intentionally removed. However, to 

derive the final result, the intermediate steps should be gone through by 

assigning user-processors to identified processes, combining user-

processors, and processes based on semantic relationships. 
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Figure 5.2. Process -User Matrix of the BCIS/QM Department. It shows 
major responsibilities and/or roles of each user-processor or group of user-
processors against various processes (activities). 

Identification of Hyperdocuments. The focus of the IDM lies in the 

Intranet design as a hyperdocument application. Thus, the identification of 

hyperdocuments means that the user information requirements are centered 

on the existing documents, not derivable information from such an 

application as a database. The documents needed for the everyday activities 

are named hyperdocuments because they will be placed in the hyperspace. 

As mentioned in Chapter IV, identification of hyperdocuments can be 

done using various data collection techniques such as interviews and 

questionnaires. In this research several interview sessions were held with 

representative user-processors that were identified in the previous step. A 

secretary, the chairperson, and several faculty members were interviewed to 

extract needed information in doing their jobs. The individual elements of 
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user information requirements will be described in detail in navigation 

design stage. 

Information Screening. This step filters every piece of information to 

find out which pieces are missed and which pieces should be added or 

removed to finalize the user information requirements. The screening 

process was performed against the identified hyperdocuments. Although 

there was some missing information such as a detailed decision-making 

process about promotion, reappointment, and appointment, inclusion of the 

process in the prototype Intranet was denied by the chairperson due to the 

prototype's publicity. As such, information screening is a critical activity to 

move on to the next stage in the IDM methodology. 

Navigation Design 

This stage organizes the user information requirements using 

Metainformation Structure (MIS) and Information Structure (IS) to identify 

a wide variety of links. In the MLS various node names are employed to 

construct a network (see Figure 4.8 for the basic node types of the MIS). 

The MIS represents a global stmcture of an information domain identified in 

the navigation requirements analysis stage. This global stmcture is 

necessary to increase global coherence and hence user's comprehensibility of 

information in an overall perspective. The IS represents a local structure of 

each node of the MIS. Although the MIS and the IS look like hierarchical 

trees, they are actually networks because they allow multiple links among 

nodes and hence multiple parents of a child node. Figure 5.3 shows the 

types of nodes that are used in constmction of the IS. 
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Class node 
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Attribute 
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Figure 5.3. Types of nodes for an IS. Some class nodes may 
not have subclasses depending on the end node content. 

As can be seen in Figure 4.8, a complex document can be decomposed 

using the node types. In the prototype Intranet the global node is the 

BCIS/QM Department that is the navigation domain as well as the 

application domain. Threshold nodes correspond to the informafion 

domains identified in the navigation requirements analysis stage, including 

PEOPLE, DOCUMENTS, CLASSES, COMMUNICATIONS, AND 

SEARCH. They are starting points of navigation for each category of 

information. Although the SEARCH threshold node is not a collection of 

informafion by itself, the search result is a collection of information in a 

sense. In other words, the SEARCH can be treated as a threshold node. 

Unlike the SEATCH, however, About Us and What's New? menu items are 
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treated as the attributes of the global node. Figure 5.3 shows various types 

of nodes that are used to constmct an IS in which an end node (i.e., every 

node in the MIS is a candidate for end node) becomes a network of its 

components. An attribute node can be either a standard attribute or a custom 

attribute. A standard attribute can be classified into three sub-types: intrinsic 

attribute, associative attribute, and conditional attribute. Intrinsic attributes 

of an instance are grouped into a composite attribute called "overview." 

After constmcting a Metainformation stmcture and all the necessary 

Information Stmctures, different types of links are identified. The following 

several paragraphs will show how the MIS and the ISs of the prototype 

Intranet have been constmcted. 

The MLS for the Prototype. The starting point of the MIS was the 

navigation domain (i.e., BCIS/QM Department, the global node). Five 

threshold nodes were identified under the global node. Figure 5.4 shows the 

MIS (due to limited space the whole MIS is separated into several parts). 

Global node 
BCIS/QM Intranet 

Home Page 

Threshold nodes 

Category nodes 

Aggregate nodes 

People Classes Documents Communications Search 

Faculty Staff Student 

Undergraduate Graduate 

Figure 5.4. Part of the MIS showing the decomposition of People 
information domain (threshold). It does not show links to avoid cluttering. 
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There are two link classes: hierarchical link and referential link. The 

hierarchical link class is divided into two sub-classes: step link and jump 

link. The step link connects nodes that are contiguous to each other. The 

jump link provides connections between non-immediate nodes. Parallel link 

is the only one instance of the referential link class. Figure 5.5 shows the 

instances of the jump link subclass of the People threshold of the MIS. 

1—>> 

L t -

BCIS/QM 
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Home Page 
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BCIS/QM 
Intranet 
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BCIS/QM 
Intranet Home 

Page 

People 

Student 

Undergraduate 

Global link 

BCIS/QM 
Intranet Home 

Page 

People 

Faculty 

Undergrauate 

Threshold link 

< Global node (GN) 

<—1 

— • J 

M Threshold node (TN) 

< Category node (CN) 

M Aggregate node (AN) 

^#—GN 

<— TN 

^^—CN 

^ ^ AN 

Figure 5.5. Instances of Jump link Subclass. There are two instances of the 
jump link subclass: global link and threshold link. It shows "jumping" links 
between non-immediate nodes of the People information domain (threshold) 
of the MIS. 
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Depending on the "depth" of the MIS, 12 instances of the jump link subclass 

are possible. Figure 5.6 shows the instances of step link subclass and an 

instance of the referential link class. As mentioned earlier, instances of step 

link subclass provide connections between contiguous nodes, and a parallel 

link provides connections between "siblings" that belong to the same node 

type. For example. Faculty, Staff, and Student in Figure 5.4 belong to the 

category node type. Thus, the parallel links connects Faculty, Staff, and 

Student by both directions. 

BCIS/QM Intranet 
Home Page 

Specialization link 

People Classes Documents Communications Search 

Specialization link 

Faculty 
:f 

Staff Student 

Parallel link Undergraduate Graduate 

Figure 5.6. Instances of Step Link Subclass and Referential Link Class 

For other thresholds (information domains) the same mechanism that 

has been applied to the People domain was used to construct the MIS. 

Figure 5.7 shows a part of the MIS for the Classes information domain. 

Given the part of the MIS, various links can be identified in exactly the same 

way as was applied for the People threshold. Again, there are two link 

classes including hierarchical and referential link classes. Various link 
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instances are derived from the two link classes. Figure 5.8 shows a part of 

the MIS for the Documents threshold. 

BCIS/QM Intranet 
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BCIS 
Under 

BCIS 
Grad 

QM 
Grad 

QM 
Grad 

BCIS 
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QM 
Grad 

QM 
Grad 

Figure 5.7. Part of the MIS for CLASSES Informafion Domain (threshold) 

BCIS/QM Intranet 
Home Page 

People Classes Documents Communications Search 

References Memos 

Faculty 
Statutes 

Faculty Policy 
Series 

Appointment 
to Termination 

Powers and 
Duties of the 

Faculty 

Faculty 
Meeting 

Faculty 
Absences 

Exams 

Figure 5.8. Part of the MIS for DOUMENTS Informafion Domain 
(threshold) 
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Again, given the part of the MIS, various links can be identified in 

exactly the same way as was applied for the People threshold. Figure 5.9 

also shows a part of the MIS for the Communications and Search 

information domains (navigafion thresholds). The Communications 

threshold was established to facilitate the exchange of faculty opinions about 

various matters. It is also used to submit various forms to the BCIS/QM 

Department. The forms include meeting call, software request, assistantship 

request, and committee membership forms. Filling out various forms was 

put in the Communications threshold, while writing various personal and 

departmental memos was put into the Documents threshold because the 

former has the predefined formats, but the latter has no such predefined 

formats. Writing a memo is actually creating a document by specifying the 

content. Figure 5.9 shows the last part of the MIS that includes 

Communications and Search thresholds. 

BCIS/QM Intranet 
Home Page 

People Classes Documents Communications 

General 
Opinion 

Meeting 
Call 

Software 
Request 

Assistantship 
Request 

Search 

Committee 
Membership 

Figure 5.9. The last part of the MIS for Communications and Search 
Information Domains (thresholds) 
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The IS for the Prototype. The construction of an Information 

Stmcture (IS) can be started with any node identified in the MIS. The first 

purpose of constmcting an IS for a node is to organize the content of the 

node based on the classes or subclasses, instances of the classes or 

subclasses, attributes of the instances, and values of the attributes. The 

second purpose is to identify various links within a node and/or across the 

nodes of the MIS. Although every node in the MIS is a candidate for an IS, 

the main focus is on the end nodes (nodes that stop branching) of the MIS 

because every upper level node in the MIS is the sum of its lower level 

nodes. In other words, if we assume that the MIS is a tree, instead of a 

network, by considering the links in one direction and also ignoring the 

parallel links, every parent node is the sum of its children. This means that 

by analyzing only end nodes the parent nodes are automatically analyzed. 

However, in some cases we should analyze even parent nodes to identify 

their own components in terms of classes, instances, attributes, and attribute 

values. For example, the menu items such as About Us and What's New? 

can be considered attributes of the global node of the prototype Intranet. 

As in the MIS, there are two link classes: hierarchical link class and 

referential link class. The hierarchical link class has also two subclasses: 

jump link subclass and step link subclass. The referential link class has two 

instances: sibling link and cross link. A sibling link corresponds to a parallel 

link of the MIS, while a cross link establishes a connection to a different file 

(individual page) or a specific point of a different file (i.e., in HTML they 

correspond to <A HREF="filen-ame"> and <A HREF ="file-name#anchor-

name">, respectively). 

Figure 5.10 shows a partial IS of the node People in the MIS in Figure 

5.4. As can be seen in the figure, an IS can be constructed for any node 
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within the MIS (the node People in Figure 5.10 is a branching node, that is, 

not an end node as in Figure 5.4). The IS shown in Figure 4.12 has several 

features. First, an IS can be constmcted using the entire node types (i.e., 

from class nodes to value nodes) or using a subset of the entire node types. 

It depends on the content of a subject node for an IS. 

End node 

Class nodes 

Subclass 
nodes 

Instance 
nodes 

Attribute 
nodes 

Value nodes 

Stern Silver Affisco 

Photo Overview Teaching Research 
Area 

Publication 

BCIS 10 
Operations 

management 
IT in 

business 

Figure 5.10. A partial IS for the node People. As can be seen here, an IS can 
be constmcted for an end node (e.g.. Faculty) or for a node other than end 
nodes (e.g., People). The nodes with thick borders are attributes of the end 
node People. They can be attached to instances or to the end node when 
there are many elements in an end node. The decision is up to the designer's 
discretion. The search node is the special attribute. 

Second, attributes can be attached to an end node, class node, subclass 

node, or instance node. For example, the attributes E-mail Address and 

Phone Number can be attached to the end node People, the class node 
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Faculty, the subclass node Full Professor, or the instance node Silver. It 

depends on the designer's discretion and a hypermedia design principle (i.e., 

avoiding fragmentation of information). In this case the attributes are 

attached to the end node People. In this way we can create files for the E-

mail addresses and phone numbers for the entire people within the 

application scope. This allows us to avoid fragmentation of information. 

That is, we do not have to create several files for the E-mail addresses and 

phone numbers for staff, faculty, and student. Third, a special attribute of 

the IDM called search can be attached to any node in an IS when the node 

has many instances or components. For example, the end node People 

actually consists of many faculty members and students. If necessary, the 

special attribute can be attached to a specific class or subclass to provide an 

additional search facility (e.g., the special attribute search is attached to both 

people and faculty to provide a search facility for the two scopes: people and 

faculty. It may expedite the search for a faculty member in a large 

department). Fourth, the class Faculty is divided into four subclasses 

including Full professor. Associate professor, Assistant professor, and 

Adjunct professor. This was done using a conditional attribute called Rank. 

However, in some case we may need one more step to reach this phase. In 

other words, we may classify faculty into full-time and part-time faculty 

based on another conditional attribute, say, Type. This intermediate step 

was ignored to give more concise arrangement of files. Thus, this kind of 

discretion is possible depending on the situation. 

Fifth, the attribute Research Area is an example of associative 

attribute. We may create links on the Operations Research and IT in 

Business to detailed pages or pre-established sites. When done, the links are 

called cross links. Sixth, the attribute Overview is a collecfion of intrinsic 
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Figure 5.11. One complete IS (a) and a partial IS (b). This separated Figure 
12 into two parts. 

attributes such as name, age, and other basic characteristics of an instance. 

Based on the overview attribute, the prototype created a page called "Faculty 

Directory" that contained basic information about faculty members and 

individual pictures. Likewise, depending on the designer's decision several 

attributes can be combined for neat presentation of information elements. 

Seventh, Figure 5.10 can be divided into two parts. The separation 

would be more justified because the People node and the Faculty node are 

separate ones in the MIS in Figure 5.4. Figure 5.10 implies that after 

constructing a MIS we may combine several nodes into one (e.g., combining 
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Faculty, Staff, and Student into People). The result is illustrated in Figure 

5.10. If we follow the given structure in Figure 5.4, the IS in Figure 5.10 

becomes two Information Stmctures. They are given in Figure 5.11 and the 

prototype was implemented based on the structure above. 

Various instance links of the step link subclass and referential link 

class are shown in Figure 5.12. Sibling and cross links are the instances of 

referential link class, and others are the instances of step link subclass. In 

general, all the elements in the IS can be connected to each other as 

presented in Chapter IV. The actual establishment of links between 

elements varies according to the content and context of the information 

presented in the IS. For example, we may create links between an instance 

node and an attribute node and between an attribute node and a value node, 

they are meaningless in the given situation because all the attributes were 

contained in one page in the prototype case. That is, in actual prototype 

"Stem," "Silver," and "Affisco" were the instances that were described by 

the given attributes in Figure 5.12. However, we can identify cross links by 

specifying their attributes and values (e.g., in Figure 5.12 the shaded boxes 

contain links to other elements of different files or sites). One thing that 

should be mentioned before concluding this section is the fact that when we 

combine several attributes into an "Overview," the scope of overview can be 

flexible. This means that an overview can consist of one or more attributes 

depending on the actual design of an Intranet. For example, if we describe 

all the non-intrinsic attributes separately, the scope of the overview would be 

the combination of intrinsic attributes. If an Intranet requires a separate 

presentation of a photo (e.g., a blueprint), the photo will not be a part of an 

overview. In Figure 5.12, if an Intranet should be designed to present the 

attributes Teaching and Research Area on separate pages, they are not part 
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of the overview. If not, they may be combined into the overview. Thus, the 

scope of an overview varies according to design decisions and content of an 

Intranet. 

Faculty Conditional link Special link 

Full 
Professor 

Associate 
Professor 

Sibling link 

Assistant 
Professor 

Adjunct 
Professor 

Instance link 

Stern Silver Affisco 

Photo Overview Teaching 

BCIS 10 

Research 
Area 

Operations 
management 

Publication 

IT in 
business 

Search 

Cross link 

Figure 5.12. Instances of Step Link Subclass and Referential Link Class of 
an IS 

In the same way several ISs were constructed for other nodes in the 

MIS. Identifying links between elements during construction of ISs required 

a reasonable degree of flexibility and judgment because hypermedia does 

not require all the elements to be connected. As mentioned by Garzotto et 

al., (1993), only essential and meaningful links should be established when 

developing a hypermedia applicafion. This emphasizes the designer's 

judgment and the context of the information to be put in an Intranet. In the 

following section, the user interface design process will be presented. 
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User Interface Design 

As explained in Chapter IV, the Minsky's frame concept (1975) was 

used to design the user interface of the prototype. In the user interface 

design stage the nodes names of the MIS and the names of end node, class 

node, and subclass node of the IS are organized into a frame called MIS 

frame. The MIS frame consists of three sub-frames: menu frame, index 

frame, and content frame. Menu frame will contain global node names. If 

we develop a large Intranet for an enterprise, there would be many global 

nodes such as headquarters, Asian branch, and European branch. If the 

School of Business were the applicafion domain of the prototype, the global 

node would include various department names and dean's office. They 

would actually be navigation domain names. The application domain of the 

prototype Intranet, however, is the BCIS/QM Department. This means there 

is only one global node, and the application domain and the navigation 

domain are the same. This led to the slight change in applying the MIS 

frame to design the user interface. Originally, the MIS frame was proposed 

for the Intranet with multiple global nodes. Figure 5.13 shows an example 

Headquarters Atlanta Branch Europe Branch Asia Branch 

User Guide 

A Guide 
B Guide 
OS Guide 
C Guide 
D Guide 

Reporting Guide 

Policy Handbook 

Sales Guide 

Stocking Guide 

• 
E inn 

This is the user guide to various 
fields including OS guide. 

Reporting Guide, Policy Handbook , 
^ ^ B ^ ^ Sales Guide, and Stocking Guide. 
^^U^^ You will find various information. If 

you want to see any specific guide, 
please click corresponding word. 

$ 

Figure 5.13. An example of the original MIS frame. 
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of the original MIS frame. The Headquarters, Afianta Branch, Europe 

Branch, and Asian Branch in Figure 5.13 are the global node names of a 

fictitious Intranet. The prototype Intranet has only one global node, that is, 

CIS/QM Department, so that the original menu items should be replaced by 

threshold names. If the application domain contained many global nodes, 

clicking a global node name would display a pull-down menu that would 

contain navigation domain names (see Figure 4.16 for detail). The inifial 

screen of the prototype actually looks like Figure 5.14 with no pull-down 

menus. 

Netscape - [BCIS/QM Intranet Home Page] 

File Edit View Go Bookmarks Ciptions Hifectory Window Help 
50 

Reload 

^9 

Open Print 
Kl 
Find Stop 

PEOPLE DOCUMENTS CLASSES COMMUNICATIONS 

Home 

SEARCH 

7fi 

BCIS/QM 
ntranet 

Welcome to the Intranet of the Department of BC 
This Iiitraiiet provides a source of infoiitiation about people, docmtients, cl 
others. You can also create a memoraiidom or subitiit vaiious forms using 1 

and Comiuuuications category, respectively. • [ 

j ^ i Document: Done /6 

Figure 5.14. The initial screen of the prototype. It shows menu items 
(PEOPLE, DOCUMENTS, CLASSES, COMMUNICATIONS, and 
SEARCH) that come from information domain names (threshold names). 
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Design of the Menu Frame. A component of the MIS frame is the 

menu frame. To design a menu frame the threshold names were taken fi-om 

the MIS developed in the previous section. There were five thresholds 

including PEOPLE, DOCUMENTS, CLASSES, COMMUNICATIONS, 

and SEARCH. These threshold names are organized using Minsky's frame. 

Figure 5.15 shows the menu frame. It shows only essential attributes of each 

frame. It shows a hierarchical arrangement of menu items based on the node 

names identified in the MIS structure. Thus, it is very important that the 

designer should properly constructs the MIS because this process is 

continued for other menu items. 

Menu Frame 

Index 
Frame Content Frame 

I 
Menu 

Width: 680 pixels 
Height: 59 pixels 
BGColor: Black 
Linking Method: Image Map 
Container: Table 

I 
People menu 

Width: 80 pixels 

Height: 59 pixels 

BGColor: Black 
Linking Method: Image Map 
Container: table cell 
Anchor: People.html 

Figure 5.15. Design of menu frame. 
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Design of Index Frame. The first-level index frame contains the 

indexes for each menu item defined at the menu frame. The second-level 

index frame contains indexes for each index item defined in the first index 

frame. The third-level index frame includes indexes for each index item 

defined in the second-level index frame, and so on. In the case of the 

prototype, the first-level index frame contains category node names for each 

threshold node. The second-level index frame contains aggregate node 

names for each category node name, and so on. Figure 5.16 shows the index 

Menu Frame 

Index 
Frame 

Content Frame 

1 
Index 

Width: 150 pixels 
Height: 450 pixels 
BGColor: Light yellow 
Source: lndexback.gif 

Faculty 
Is-index-of: People 
Index name: Faculty 
Width: 150 pixels 
Height: 15 pixels 
BGColor: Light yellow 

1 
Full Professor 

Is-index-of: Faculty 
Index name: Full professor 
Width: 150 pixels 
Height: 15 pixels 
BGColor: Light yellow 
Anchor: Full-Prof.html 

Figure 5.16. An example of an index frame. 
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frame. Note that there are "source" and "anchor" attributes in frames. A 

source is a file (it may be an HTML file or any other file types that are 

supported by a browser such as gif for images or avi for video clips). This 

implies that at least the necessary file names (if possible, with their content) 

should exist before the user interface design. The necessary files are defined 

and/or created in the file design. Once necessary files are defined in terms 

of names and content, they can be created after the definition or in the 

implementation stage as we actually build an Intranet. Thus, the file 

structure design stage is important because it determines the names, content, 

and the size of files. If a node in the MIS is too big for a single file, then the 

node can be divided into several files and connected using links. As 

mentioned earlier, the decision about the size of a file needs further 

investigation. For the prototype Intranet the necessary files were defined in 

terms of names and matching content and then created during the 

implementation. 

Design of Content Frame. Figure 5.17 shows an example of a content 

frame. Content may include only textual information or multimedia content. 

Each element of a document or information was analyzed using frames. The 

prototype Intranet contains several forms to gather user information or to 

make departmental memorandums. Using the content frame, the elements of 

each form were examined to determine the place of each element and the 

length of each slot. Furthermore, a text frame was used to specify the 

location of the textual information, default font type, default font size, 

default color, and link text (hotspot) and others. A video clip frame should 

define the source, location, linking method, necessary plug-in to play, and 

other characteristics. The next paragraph will briefly describe the 

implementation and test stage. 
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Menu Frame 

Index 
Frame 

Content 
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Content 
I 

Width: 680 
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BGColor: browser default 
Background: logo.gif 
Background2: symbol.gif 

I 
Text 

Location: variable 
Color: black 
Link color: blue 
Default font: arial 
Default font size: 12 

Figure 5.17. An example of a content frame. 

Implementation and Testing 

The design specification was implemented using Microsoft FrontPage 

97, Image Composer, and HTML 3.0. The implementation was quite 

straightforward because it only required mapping of the design elements. 

After the prototype was developed, it was tested against two browsers: 

Microsoft Intemet Explorer 3.0 and 4.0 and Netscape Navigator 3.0 and 4.0 

within the Hofstra LAN environment. There was no specific difference 

except for the page margin. Microsoft Intemet Explorer displayed the 

content without any top margin, defined zero when the prototype was 

developed. However, Netscape navigator had a top margin on each page, 

also defined as zero. 
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Chapter Summary 

This chapter showed a step-by-step process of analysis and design 

stages to develop the BCIS/QM prototype Intranet. The resulting design 

specification showed part of the whole design specification due to space 

limitation. The analysis phase included navigation requirements analysis 

where navigation domains and information domains were identified and 

information requirements analysis where user-processors and their activities 

(processes) were identified to clarify the roles and responsibilities of each 

user-processor as a pre-step to extract user information requirements. In the 

design phase navigation design was performed based on the user information 

requirements using the MIS and the IS. In this stage various nodes and links 

were identified for the navigation and for the file structure design. File 

structure design, however, was skipped because it needed fiarther 

investigation. The user interface design was based on Minsky's frame to 

specify three frames: menu frame, index frame, and content frame. The 

implementation and testing stages were briefly described. 
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CHAPTER VI 

RESEARCH VALIDATION 

This chapter presents the validation of the research. As stated in 

Chapter I, the specific objectives of this research were to: (1) develop a 

methodology for the design of the Intranet as a hyperdocument application; 

and (2) validate the research by both the methodology validation and the 

prototype validation. The first objective was addressed in Chapter IV. The 

second objective is addressed in this chapter. 

Validation Procedure 

Validating a conceptual model has two different philosophical roots: 

reductionist/foundationalist and holistic/relativist (Barlas and Carpenter, 

1990). The first view treats a model as the absolute and objective 

representation of a real world, while the second regards a model as one of 

many possible ways of representing a real world. Following the first view, a 

model is validated by examining whether the model is truly an absolute and 

objective representation of a real world based on the formality of the model. 

Thus, the result of such a validation will be reduced to two extreme cases: 

tme or false. On the other hand, validation of a model based on the second 

philosophical root examines how well the model represents a real world 

based on the functionality of the model. Thus, the result of the second-type 

validation shows relative validity of a model, the degree to which a model 

represents a real world. The proposed IDM is one of many possible ways of 

providing guides to and structures of hyperdocuments. Therefore, the 
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emphasis of the validation of the IDM will be placed on relative validity 

rather than absolute validity. 

As can be seen in Figure 6.1, the research validation procedure 

consists of the methodology validation and the prototype validation, each of 

which in tum consists of several steps. For the methodology validation of 

the research, two verification processes are employed. The problem 

verification process addresses the needs of an Intranet application design 

methodology in terms of two perspectives. In one perspective, the lack of 

Intranet design methodology was cited in the problem statement. In the 
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Figure 6.1. Research Validation Procedure 
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other, the limitations of the existing hypermedia design methodologies will 

be shown by comparing them to the IDM. The methodology requirements 

verification measures how the IDM fits the general requirements of 

hypermedia design methodology. This will be performed by how well the 

IDM embodies the general requirements of hypermedia design methodology 

proposed by Nanard and Nanard (1995). 

The prototype validation consists of the test results verification, 

functionality verification, design verification, and operationalization 

verification. The test results verification process evaluates the usefulness 

and usability of the prototype in a valid manner. Usefulness measures how 

much the information provided by the prototype application is useful to the 

users in performing their everyday tasks. It concems the content of the 

prototype application. Usability encompasses the structure and presentation 

aspects of the prototype. It measures how easy it is for users to navigate the 

prototype Intranet. It concems especially user disorientation during 

navigation. Usefulness and usability will be measured by the perceived 

usefulness and the perceived ease of use, respectively, that have been 

proposed by Davis (1989) and Davis et al. (1989). The details of the 

perceived usefulness and the perceived ease of use with corresponding 

statistical hypotheses will be presented in a later section. The functionality 

verification process evaluates if the prototype manifests necessary functions 

defined in the design process. The necessary functions include correct 

information retrieval and display within various network environments. The 

design verification process verifies if the design specificafions of the 

prototype can be implemented. The operationalization verification addresses 
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how the design primitives and steps are applied as accurately as possible in 

the prototype design process. 

Methodology Validation 

There are many conceptual model validation techniques available 

(Youngblood and Pace, 1995). They include logic trace analysis and 

architecture analysis. Logic trace analysis refers to the review of how well 

the components of the model fit into the expected roles and behavior as they 

are traced down the logic of the conceptual model. Architecture analysis 

examines the relationships among components in the model. The 

methodology validation procedure consists of problem verification and 

methodology requirements verification. Problem verification was performed 

by comparing the IDM with five existing hypermedia design methodologies. 

Methodology requirements verification was performed by logic trace 

analysis that shows how the IDM fit a set of general requirements of a 

hypermedia design methodology proposed by Nanard and Nanard (1995). 

Methodology Requirements Verification 

The logic trace analysis states that how well the components and logic 

of the IDM reflect the basic features or requirements of a hypermedia design 

methodology. It can be applied to the methodology requirements 

verification in which a set of general requirements is examined against the 

IDM. According to Nanard and Nanard (1995), the general requirements of 

a hypermedia design methodology include: 

• Support of iteration between design stages; 
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• Altemation between top-down and bottom-up approaches; and 

• Design component reuse. 

As shown in Chapter IV, the IDM well supports the three general 

methodology requirements. Fist of all, the IDM is essentially iterative 

because it allows the designer to go back and forth along the design phases. 

It also allows the designer to altemate between top-down and bottom-up 

approaches. The altemation is possible through abstraction and instantiation 

mechanisms. The abstraction corresponds to the constmction of the 

Metainformation Stmcture (MIS), and the instantiation corresponds to the 

constmction of Information Stmcture (IS). In fact, a designer can apply the 

IDM to a design process starting from either the MIS or the IS. The IDM 

enables the designer to reuse application components by applying the 

representative MIS to all the navigation domains of an application domain. 

The reuse of the MIS is then realized in user interface because the MIS 

frame system is repeatedly used throughout the Intranet. 

Problem Verification 

This verification process was done by comparing the IDM with five 

existing hypermedia design methodologies. The five hypermedia application 

design methodologies include Hypertext Design Model (HDM) by Garzotto 

et al. (1993), Object-Oriented Hypermedia Design Method (OOHDM) by 

Schwabe and Rossi (1995a), Relafionship Management Methodology 

(RMM) by Isakowitz et al. (1995), Enhanced Object-Relationship Model 

(EORM) by Lange (1996), and HyperDesign by Balasubramanian and 

Turoff (1995). 
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After comparing the five methods, the RMM will be compared with 

the IDM in more detail using the same application domain as the prototype. 

No specific hypermedia design methodology was seen before HDM. The 

five design methodologies have been selected for comparison because they 

are representative methodologies that could be found in major academic 

joumals. The five methodologies are reviewed within the context of the 

complete software development cycle. The context of the complete software 

development cycle provides a framework called Development Cycle 

framework for comparing the methodologies. Within each design stage the 

design features given by design primitives are also considered to provide 

another framework called design feature framework. Some of the elements 

of the design feature framework are adapted from a survey paper (Conklin, 

1987). 

Comparison of Design Stages. In the light of the proposed Intranet 

Design Methodology (IDM) in this research, the complete software 

development cycle includes feasibility study, navigation requirements 

analysis, hyperinformation requirements analysis, navigation design, file 

stmcture design, virtual structure design, user interface design, 

implementation, testing, and maintenance. Although maintenance is an 

important activity, it is a post activity after deploying a hypermedia 

application. Thus, this phase is beyond the scope of the present research. 

Table 6.1 shows the development cycle framework. The vertical axis 

represents hypermedia design phases, and the horizontal axis represents the 

chosen methodologies for comparison. As can be seen in the Table 6.1, most 

of the existing methodologies are incomplete. Although RMM does specify 
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all phases, it is still incomplete because RMM just mentioned the fact that 

the complete software development cycle is necessary. It does not provide 

detailed methods for each phase except for navigation design. HDM is 

mainly for navigation design, and HyperDesign is largely for user interface 

design even though it requires the identification of application objects and 

functions on the objects. 

Table 6.1. Comparison of Design Stages. 

Methodology 

Phase 

Feasibility Study 
Navigation 
Requirements 
Analysis 
Information 
Requirements 
Analysis 
Navigation Design 
User Interface Design 
Implementation 
Testing 

HDM 

No 
No 

No 

Yes 
No 
No 
No 

OOHDM 

No 
No 

Yes' 

Yes 
Yes' 
Yes" 
No 

RMM 

Yes' 
Yes' 

Yes' 

Yes 
Yes' 
Yes'' 
Yes'' 

EORM 

No 
No 

Yes' 

Yes 
Yes'° 
Yes 
No 

HyperDesign 

No 
No 

Yes' 

No 
Yes 
No 
No 

IDM 

Yes' 
Yes 

Yes 

Yes 
Yes 
Yes 
Yes 

^ RMM mentions that feasibility study is needed. 
^ IDM also mentions that feasibility study is needed but provides basic activities for the feasibility 

study. 
^ RMM mentions that navigation requirements analysis is needed 
"• OOHDM uses an object-oriented modeling technique to construct a conceptual model of the 

application domain. 
^ RMM mentions that hyperinformation requirements analysis is needed. 
^ EORM adopts OMT model to construct an object-relationship model. This process is exactly 

the same as that for standard information systems. 
^ HyperDesign identifies application objects or entities for user interface design purpose. 
° OOHDM uses Abstract Data View for user interface design. 
^ RMM mentions that user interface design should include screen layouts for every object 

identified in the navigation design phase. 
°̂ EORM provides a tool based on a commercially available GUI builder. It uses a user interface 
library for link creation and link traversal. It does not specify a formal method for user interface 
design. 

" OOHDM implements an application by mapping the navigational and abstract interface models 
into concrete objects available in the chosen implementation environment. IDM is implemented 
using the Web technologies and architecture in a similar manner. 

^̂  RMM does not provide any guidelines. It just mentions that construction can be done as in 
traditional software engineering. 

^̂  RMM emphasizes testing of all navigational paths. 
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Comparison of Design Features. The following several paragraphs 

compare the IDM with the five design methodologies in the context of 

design features of each phase. They include design primitives, techniques, 

and tools employed in each phase. Design features are summarized using 

the design feature framework. 

Hypertext Design Model (HDM). Garzotto et al. (1993) proposed this 

model as the first steps towards defining a general purpose model for 

authoring-in-the-large. According to authors, although it can be used as an 

implementation tool, the main focus of the work is on modeling. The 

researchers argue that HDM has some innovative features, including the 

notion of perspective, identification of different categories of links, and the 

distinction between hyperbase and access stmctures. The notion of 

perspective makes it possible to have different presentations for the same 

topic. The hyperbase is a sort of database that has a repository of all the 

design elements. An access structure allows the user to properly select the 

entry points which are given by a tree stmcture called "outline" in the HDM 

model. 

HDM consists of several design primitives including entities, entity 

types, components, and units to represent information chunks. An entity 

represents a physical or conceptual object of the application domain. 

Entities are grouped into entity types. An entity consists of components that 

are in tum made of units. A unit corresponds to a component associated with 

a specific perspective. For example, the information chunks of Musical 

Opera, La Traviata, Overture, and Overture/Sound (or Overture/Score) 

correspond to an entity type, an entity, a component, and a unit, respectively. 
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HDM has several categories of links including stmctural links, perspective 

links, and application links. Stmctural links connect components belonging 

to the same entity. Perspective links connect units belonging to the same 

component. Application links establish connections among components, 

entities, or entity types regardless of their commonalities. Stmctural links 

and perspective links need not be explicit because they can be derived 

automatically from the structures of entities. Application links are grouped 

into link types, and some application links can be derivable by semantic 

relationships among components, entities, or entity types. Application link 

types or link types consist of a name, a set of source and target entity types, 

and a symmetry characteristic. For example, a link type named "is-author-

o f connects two entity types, say Composer entity type and Musical Opera 

entity type. The symmetry characteristic determines if there is an inverse 

relationship between two entity types. A link type can connect instances 

(i.e., entities or components of a source entity type and a target entity type) 

of an entity type. 

Even though HDM provides useful design primitives, there are some 

issues that should be noted. First, it simply provides a static set of stmctures 

of information chunks and a static set of link types. This hinders 

extensibility and flexibility of the model. HDM ignores the possibility that 

an entity type may have sub-entity types. In that case, the three information 

stmcture constmcts (entity types, entities, and components) and the three 

link types (stmctural links, perspective links, and application links) would be 

too limited. Second, HDM does not provide a mechanism for defining the 

application links among entity types and their instances. It just mentions that 
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application links can be identified by semantic properties of information 

structure constmcts. Third, HDM has no specific guidelines for constmcting 

outlines that provide users with entry points. 

Object-Oriented Hypermedia Design Method (OOHDM). This 

method is published on several papers (Rossi et al., 1995; Schwabe and 

Rossi, 1995a; Schwabe and Rossi, 1995b; Schwabe et al., 1996). OOFIDM 

is a direct descendant of FIDM. However, it differs from it first in its object-

oriented nature, and in that it includes special purpose design primitives such 

as indices, guided tours, abstract data views (ADVs), and abstract data 

objects (ADOs) for both navigational and interface design. Indices and 

guided tours are similar to access stmctures in HDM. An ADV is like a 

screen layout and is considered an object in that it has a state and an 

interface, where the interface can be exercised through regular functional or 

procedural calls or input and output events. An ADO is an ADV that does 

not support input and output events. 

OOHDM consists of four phases: conceptual design, navigational 

design, abstract interface design, and implementation. During conceptual 

design, a model of the application domain is built using well-known object-

oriented modeling principles, augmented with some primitives such as 

attribute perspectives (multiple-valued attribute, similar to HDM 

perspectives) and sub-systems. Conceptual classes are built using 

aggregation and generalization/specialization hierarchies that are typical of 

object-orientation. The conceptual design produces a conceptual schema 

that shows the domain semantics through classes, instances, class 

hierarchies, and relationships among classes. 
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The conceptual design is the basis of the navigational design in which 

one or more navigational models (views in the sense of databases) are 

constmcted depending on the types of intended users and the set of tasks 

they are to perform using the application. A navigational model (i.e., chosen 

view) is further elaborated by two schemata: navigational class schema and 

navigational context schema. The navigational class schema for a chosen 

view consists of four navigational classes: nodes, links, indexes, and guided 

tours. Nodes are defined by combining attributes of different related classes 

in the conceptual schema. Links refiect relationships intended to be explored 

by the final user and are also defined as views on relationships in the 

conceptual schema. Indexes and guided tours formulate access stmctures as 

in HDM. That is, they provide users with entry points for traversal. For the 

navigational class schema, a navigational context schema is built based on 

the browsing semantics (i.e., how and where to access an information 

element) such as chronological order. 

Once the navigational stmcture is defined, user interface design begins 

with mapping navigation stmcture into the user-perceptible objects, interface 

objects (e.g., menus) and navigational objects (e.g., nodes), using ADVs and 

ADOs. In other words, user interface design defines which interface objects 

the user will perceive and, in particular, the way different navigational 

objects will appear. It also defines which interface objects will activate 

navigation, the way multimedia interface objects will be synchronized, and 

which interface transformations will take place. This step produces abstract 

user interface models that define the behavior of user interface objects and 

navigational objects. In the implementation step, the designer maps the 
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navigational and abstract interface models into concrete objects available in 

the chosen implementation environment. 

Although the authors of the OOHDM insist that this method allows a 

smooth transition from conceptual modeling to navigational, to interface 

design, and finally to implementation using a set of uniform modeling 

primitives (classes and objects), several uncovered issues should be noted. 

First, as admitted by the authors, the conceptual and navigational models are 

essentially the same if there are no different users with different profiles and 

tasks. However, it is believed that there are many different user groups and 

task groups. In that case, OOHDM must produce as many navigational 

models as the number of user groups and task groups. It may be too 

cumbersome and too complex. It can be argued that, instead of producing 

many navigational models from one conceptual model, the whole application 

domain may be divided into several navigation domains wherein user groups 

and task groups may traverse needed navigation domains. The ultimate 

decision about navigation should be left to the user's discretion. All these 

imply that OOHDM is appropriate for hypermedia applications for 

individuals, not for organizations. Second, if many navigation models 

should be produced, then how can the designer determine the user and task 

groups? There is no solution to this issue in OOHDM. Third, OOFIDM uses 

the notion of attribute perspectives. They are multiple-valued attributes. In 

conceptual design, OOHDM just lists the multiple-valued attributes for each 

class and then they are separated later during navigation modeling into 

individual attributes (e.g., image becomes description and picture). Why 

does OOHDM need this procedure when it is possible to specify multiple-
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valued attributes as individual attributes during conceptual modeling? No 

answer is provided. Third, a navigational class schema reflects the chosen 

view from the conceptual model, and navigational context schema elaborates 

the navigational class schema based on the navigational context. A 

navigational class schema contains navigational classes such as nodes and 

links. However, it can be argued that instead of separating two schemata, a 

navigational context schema may encompass both navigational classes and 

navigational contexts. In other words, why do we need two schemata? No 

answer is provided. Fourth, OOFIDM does not mention where the designer 

starts conceptual modeling. In the context of the conceptual modeling, 

OOHDM implies a scenario analysis. 

Relationship Management Methodology (RMM). It is argued that 

RMM is the first full hypermedia design methodology. However, as pointed 

out by Schwabe et al. (1996), RMM considers navigational requirements 

analysis, information requirements analysis, and user interface design to be 

important activities without explicit explanations for them. Nevertheless, 

RMM proposed by Isakowitz et al. (1995) consists often steps with ultimate 

focus on navigation design. The navigation design phase consists of three 

steps: Entity-Relationship design (E-R design). Slice design, and 

Navigational design. 

The E-R design step is to represent the information domain of the 

application via the well-known Entity-Relationship (E-R) diagram. As in the 

E-R model, an E-R diagram is drawn with relevant entities and their 

relationships of the application domain. In constmcting an E-R diagram, 

only one-to-one and one-to-many relationships are considered. Many-to-
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many relationships are split into one-to-many ones. These relationships are 

called associative relationships later in the navigational design. They 

become the basis of creating links among entities. 

The next step is called the slice design in which every entity identified 

in the E-R design step is analyzed in terms of its attributes. In other words, 

this step determines how the information in the chosen entities will be 

presented to users and how they may access it. A slice is defined as a group 

of attributes or a single attribute of an entity. For example, a slice called 

"general" contains several attributes of a person entity such as name, age, 

and photograph. Other slices may include biography and video clip. Once 

every slice is determined, a diagram called slice diagram is used to formalize 

the presentation and access stmctures of a chosen entity within the scope of 

its attributes. 

In the navigational design step, all the paths that will enable hypertext 

navigation are designed. Each associative relationship appearing in the E-R 

diagram is analyzed. All navigational paths are specified in three elements: 

conditional indices, conditional guided tours, and conditional indexed guided 

tours. The term "conditional" means that each element for navigational 

paths has some kind of condition (e.g., rank = 'associate') that determines 

which instances (e.g., associate professors) of an entity (e.g., faculty) are 

accessible from the element. This step begins by designing the navigation 

between entities, which is based on associative relationships. The resulting 

diagram is called Relationship Management Data Model (RMDM). If an 

associative relationship should be made accessible to navigation, the 

relationship is replaced by one or more RMDM access structures. 
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RMM seems very easy to use and understand, but it lacks many 

required features in developing hypermedia applications. First of all, 

although the authors emphasize the need for an iterative and incremental 

development life cycle, most of the steps are not explicitiy modeled. This 

may cause iteration within a phase. Second, RMM is basically for the small 

hyperdocument application because other aspects of a hypermedia 

application such as overall structure of information space are not considered. 

If RMM were implemented for a large document such as a training manual, 

it would be difficult to handle the large number of entities that could be 

found in the document. Furthermore, the authors suggest that RMM be used 

for domains that are updated on a relatively frequent basis. If a large 

document should be updated frequently, the designer must repeat the three 

steps of the navigation design phase to update content of the hypermedia 

application developed by RMM. Third, it is believed that to make the 

navigation design easier a large document should be divided into several 

sections in the navigation design phase. However, no such method is 

provided in RMM. 

Enhanced Object-Relationship Model (EORM). EORM (Lange, 1996) 

is based on the Object Modeling Technique (OMT) of Rumbaugh et al. 

(1991) as in OOHDM. The central idea of EORM is to explicitly represent 

semantically rich relations in the object-oriented model. The author offers a 

CASE-like tool for schema design and user interface design, which is based 

on EORM and a commercial Graphical User Interface (GUI) builder. They 

all are based on a common object-oriented database system (OODBMS). 

That is, an OODBMS stores schemata, design documents, GUI elements. 
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and Objects. The resulting system is a hypermedia-based information 

system where the main interaction style is based on hypermedia linking. 

EORM consists of six steps: information analysis, functional analysis, 

object modeling, hypermedia mapping and EORM schema creation, user 

interface design, and implementation. In information analysis, a scenario is 

constmcted for the application domain. Functional analysis specifies a main 

function that will be performed by the application. Object modeling delivers 

an object-relation schema that shows various classes and their relationships. 

These three steps adopt the processes of OMT proposed by Rumbaugh et al. 

(1991). 

In hypermedia mapping, the object-relationship schema of the target 

information system is mapped into hypermedia elements such as nodes and 

links to provide the information system with hypermedia functionalities. At 

this step the specifications of EORM are used. The relationships represented 

by the object-relationship schema are converted into various link types that 

are defined by the designer depending on the context of each relationship. 

Each link type is considered a class that has its own state and behavior. The 

defined link types are stored in a link library for reuse. Some classes 

identified in the object modeling are grouped into a class called annotatable 

class. Under this class, annotatable objects are organized into a hierarchical 

stmcture called annotation schema. The annotatable class has a unique 

attribute named annotation that will contain a textual commentary as its 

value. Annotatable objects inherit the annotation attribute from the 

annotatable class along with other attributes and operations defined for the 

class. A CASE-like tool implements these processes as well as the user 
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interface design. For this purpose, a set of repositories is utilized by an 

OODBMS. In the implementation step, the CASE-like tool generates codes 

for the target hypermedia-based information system. 

As indicated previously, this methodology provides a set of techniques 

for transforming an object model into the EORM schema. During the 

transformation, various link types are specified for the relationships between 

classes in the object-relationship schema. Thus, EORM aims basically at 

developing standard information systems using the concept of hypermedia 

linking. In other words, a resulting hypermedia-based information system 

performs various functions including calculations and information retrieval, 

but the functions are triggered by hypermedia links. This leads to several 

issues that should be commented on. First, in EORM, the link types are also 

treated as classes that have their own states and behaviors. Therefore, in a 

strict sense, the links act in much the same way as function calls or 

procedure calls. Second, EORM may cause chaos in reusing the link class 

library and other libraries if there is no appropriate mechanism for 

developing, understanding, modifying, and composing the reusable elements. 

The method, thus, entails many complex problems. Third, as acknowledged 

by the author, EORM is not a formal methodology. It just provides some 

informal guidelines in transforming object models into EORM schemata. 

Fourth, although the author insists that EORM allows a hypermedia to be 

integrated with other systems, there is no method specified for the 

integration. Fifth, the designer is further burdened in the course of using 

EORM because he/she must create an OODBMS to prepare for various 
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libraries. If the development of an OODBMS becomes problematic, EORM 

may not be useful. 

HyperDesign. HyperDesign proposed by Balasubramanian and Turoff 

(1995) is a user interface design method for hypertext systems. It identifies 

fourteen elements for user interface design (the order of identification is 

unimportant). The first element to be identified is the metaphor or 

metaphors. A metaphor is an application template, which shows general 

pattems of relationships between application entities that can be mapped 

onto the semantic framework (a classification framework for nodes and 

links) proposed by Rao and Turoff (1990). The second element to be 

identified includes the objects that constitute the application. They actually 

are information chunks such as parts, divisions, or sections that are classified 

within the semantic framework. After identifying the application objects, 

their functions or actions are identified as the third element. The node types 

and link types identified in the semantic framework become modifiers or 

filters whereby the search in the information space can be expedited. These 

filters can be combined with keywords to form search criteria. This is the 

process of identification of the fourth element. 

The identification process of the fifth element is called strategic 

choices in which user interface objects such as menus are determined based 

on the user goals. Lateral classifications are the sixth element wherein the 

designer identifies related nodes of a selected node. The designer idenfifies 

the appropriate formats of nodes and links to be presented in the 

identification of seventh element. Identifying lists of objects, the eighth 

element, is related to forming indexes. Reactive choices, the ninth element. 
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determine the functions of nodes or links that will cause direct interaction 

between users and items displayed. The identificafion of shared processes, 

the tenth element, is similar to determining polymorphic functions as in an 

object-oriented concept. For the eleventh element, the designer identifies 

interaction states such as navigation paths, queries, or backtracks. In the 

process of identification of the twelfth element, context-sensitive help is 

specified. For the thirteenth element, all possible error conditions are 

identified to prevent errors. The final element is the screen layout. In this 

process, only appropriate graphic design principles and usability principles 

are identified because screen design is application dependent. 

HyperDesign may be a good approach to designing user interface for 

hypertext applications. However, this approach is based on a specific 

semantic framework. Although the authors argue that the semantic 

framework has proved to be useful, the degree of usefulness of HyperDesign 

will depend on the degree of usefulness of the semantic framework. Yet 

another issue of HyperDesign is that most of the fourteen steps are just 

modified versions of well-known user interface design principles suggested 

by numerous researchers (e.g., Schneiderman, 1987). Third, HyperDesign is 

not a formal methodology, but simply an approach to user interface design 

for hypertext systems. 

Design Feature Framework. In the previous several paragraphs, the 

chosen five hypermedia design methodologies are reviewed in detail. The 

existing methodologies offer good insights into modeling and implementing 

hypermedia applications. As evidenced by the review, each methodology has 

different design primitives. The different design primitives are summarized 

149 



using a comparison framework called design feature framework. As 

mentioned in the previous section, some of the elements of the framework 

are adopted from the often-quoted survey paper (Conklin, 1987). Table 6.2 

shows the design feature framework. The element "access primitives" refers 

to whether a design methodology has a set of predefined navigation methods 

such as guided tours. The term "implicit" means that the corresponding 

element can be inferred although the design methodology does not mention 

the design feature. As can be seen in the framework, IDM is the most 

comprehensive methodology. 

Table 6.2. Comparison of Design Features. It shows various features 
employed by the five methodologies as well as the proposed Intranet Design 
Methodology (IDM). 

Features 

Methodologies 
IDM 
HDM 
OOHDM 
RMM 
EORM 
HyperDesign 

Hierarchy 

Yes 
Yes 
Yes 
No 
Yes 
No 

Schema 

Yes 
Yes 
Yes 
Yes 
Yes 
No 

Schema 
Instance 

Yes 
Yes 
No 
No 
No 
No 

Link 
Types 

Yes 
Fixed 
Fixed 
No 
Yes 
No 

Classified 
Attributes 

Yes 
No 
No 
No 
No 
No 

Access 
Primitives 

Implicit 
Implicit 
Explicit 
Explicit 
Implicit 
Implicit 

Component 
Reuse 

Yes 
No 
No 
No 
Yes 
No 

Features 

Methodologies 
IDM 
HDM 
OOHDM 
RMM 
EORM 
HyperDesign 

Navigation 
Requirements 
Formalism 

Yes 
No 
No 
No 
No 
No 

Information 
Requirements 
Formalism 
Yes 
No 
No 
No 
No 
No 

Iteration 

Explicit 
No 
Implicit 
Explicit 
No 
No 

Search 
Formalism 

Yes 
No 
No 
No 
No 
No 

User Interface Design 
Formalism 

Yes 
No 
Yes 
No 
No 
Yes 

IDM vs. RMM. Major differences were contrasted based on the 

design cycle and design features in the previous paragraphs. In this 
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paragraph a detailed comparison will be performed to show how actually the 

two methodologies are different using the application domain (BCIS/QM 

Department) that has been the target of the prototype development. 

As can be seen in the RMM (Isakowitz et al., 1995), the data model 

for the methodology is Entity-Relationship (ER) model. Based on the data 

model, the authors devised several data model primitives: (1) E-R domain 

primitives to represent entities, attributes, one-one and one-many 

relationships between entities (no many-many relationship, which is divided 

into two one-many relationships); (2) Relationship Management Data 

(RMD) domain primitive called slice (a collection of attributes that have 

atomic values such as name and age); and (3) access primitives such as 

uni(bi) directional links, grouping, conditional index, conditional guided 

tour, and conditional indexed guided tour. The data model primitives are 

specified for each entity identified in the ER diagram using the Relationship 

Management Design Diagram (RMDM). 

Although the RMM recognizes the need of other design stages, the 

main focus is navigation design that is an initial point. There are no detailed 

navigation requirements analysis and information requirements analysis 

stages. This means that the application domain should be small, monolithic, 

and hence does not need navigation and information requirements analysis 

stages. In this context, the application domain should be called the 

document target (for example, a handbook or a user guide). 

The RMM starts with the navigation design stage that is the main 

focus. The navigation design begins with a target document (usually a 

small- to medium-sized document) for which an ER diagram is drawn as in 
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database conceptual modeling. This means that if the RMM is applied to the 

BCIS/QM application domain the information domains such as PEOPLE, 

COMMUNICATIONS, CLASSES, and SEARCH will be very hard to 

design. PEOPLE information domain contains information about employees 

of the BCIS/QM Department, and the content is filled in based on the 

existing faculty directory. Following the IDM, the organization and the 

stmcture of the faculty directory will be refiected on the MIS and hence 

resembles those of the faculty directory. Thus, the IDM starts with a global 

stmcture of a document (in this case, faculty directory). However, the RMM 

should first find entities and their attributes to draw an ER diagram. It can 

be said that the RMM focuses on the local stmcture while the IDM 

emphasizes both the local and global stmcture. Identification of entities and 

attributes is performed during the IS constmction in the case of IDM that is a 

local structure of a document. If a document target is big, the RMM might 

have a difficulty in dealing with so many entities to draw an ER diagram. 

The IDM, however, provides an easy mechanism for a big document because 

it uses the MIS and the IS for the global and the local structure, respectively. 

The IDM uses a principle of "divide and conquer." 

After drawing an ER diagram, the RMM begins the design of the 

access stmcture using the RMDM and design primitives for each entity 

within the ER diagram. The RMM has only three access primitives while 

the IDM has numerous access primitives that can be expandable according to 

the actual size of a document. In this way the RMM provides links between 

entities or between attribute values. In other words, the RMM does not 

provide jump links between non-immediate entities. It also does not provide 
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'cross link" between pages. In the case of BCIS/QM Department, it would 

be impossible to design the COMMUNICATIONS domain because the 

memos and opinions should be created when users want to. A normal 

application of the ER model on the COMMUNICATIONS domain would 

not be feasible because the components (memos and opinions) are individual 

entities but have no attributes that can provide accesses. Furthermore, the 

RMM cannot specify special attributes Search and Security Level for an 

information unit or element because the RMM does not have such 

mechanisms. 

There are five information domains in the BCIS/QM Department 

application domain. As stated earlier, the RMM not only has difficulties in 

designing some of the information domains but also does not provide a 

mechanism to connect information domains even if the design for them is 

feasible. The RMM also does not mention about dynamic generation of 

HTML pages through the database access. Even the design of the dynamic 

pages is not feasible because the RMM only models printed documents. The 

table 6.3 summarizes the limitations of the RMM compared to the IDM in 

terms of the prototype Intranet application domain. 

Prototype Validation 

The prototype validation process has been partially demonstrated by 

the construction of a prototype BCIS/QM Intranet based on the IDM. The 

steps and primitives of the IDM were used to design the BCIS/QM Intranet. 

The design specifications were, in tum, used to implement the prototype. 

The prototype was tested against two browsers (Microsoft Intemet Explorer 
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Table 6.3. Summary comparison of IDM and RMM based on the prototype 
application domain. 

Capability 

Methodology 
IDM 

RMM 

Underlying 
data model 

MIS and IS 

ER model 

Size of 
Application 
Domain 
Any size 

Small 

Modeling global 
structure 

MIS 

Not specified 

Modeling 
local 
structure 
IS 

ER diagram 

Connecting 
information 
domains 
Through jump 
and step links 
Not specified 

Capability 

Methodology 
IDM 

RMM 

Connecting 
immediate 
nodes 
Through step 
links (many) 
Three access 
primitives 

Dynamic page 
generation 

CGI or other 
software 
Not specified 

Menu design 

Menu frame 
system 
Not specified 

Index design 

Index frame 
system 
Attribute 
values 

Content 
design 

Content frame 
system 
Not specified 

and Netscape Navigator) within the LAN environment of Hofstra University. 

The prototype worked very well in two browsers. There were no specific 

difficulties in browsing the prototype in the LAN environment. The 

prototype manifested necessary functionality such as non-broken links, well-

positioned navigation objects, and correct association of information 

elements by hyperlinks. Consequentiy, the development of a fiinctional 

prototype partially serves to validate the prototype. To supplement the 

prototype validation, a statistical test was performed. It is presented in the 

following paragraphs. 

Test of the Prototype 

The test builds on the perspectives originating from content, stmcture, and 

presentation dimensions suggested by Garzotto et al. (1995). It is important 

that all concepts and test constmcts be careftilly defined, and their 

relationship to each other explicitiy stated in the form of a test model. Next, 
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an operationalization of the constmcts into measurable variables is 

undertaken. This will dictate the type of measurements needed in the test. 

During this process of conceptualization and operationalization, the link 

between test development and the test itself will be established. A testable 

hypotheses will be subsequently developed. 

Proposed Conceptual Test Model. Figure 6.2 presents the proposed 

test model with the usefiilness derived from different types of usefulness 

measures and the usability derived from an array of usability measures. 

Usefulness 

Job 
Accomplishment 

Job 
Performance 

Job 
Productivity 

Job 
Effectiveness 

Job 
Easiness 

Overall 
Usefulness 

Content 
Validity 

J 

"s Structure/ 
Presentation 
%: Validity* 

Slf^ Partial. \l 
l l f Prototype E" 
Hl^ Validity '^ 

Usability 

Learnability 

Commandability 

Understandability 

Flexibility 

Skillfulness 

Overall 
Usability 

Figure 6.2. A Test Model of the Prototype. Shaded areas represent 
relationships derivable from the different types of usefiilness and usability 

measures 

155 



Usefiilness Measures. The proposed model recognizes five sources of 

usefiilness leading to the valid content: job accomplishment, job 

performance, job producfivity, job effectiveness, and job easiness. The last 

source, overall usefiilness, was used to obtain insights into users' overall 

expectations is in terms of the prototype Intranet's usefiilness. 

Usability Measures. Similarly, the proposed model recognizes five 

sources of usability leading to the valid structure and presentation: 

leamability, commandability, understandability, fiexibility, and skillfiilness. 

The last source, overall usability, was also considered to obtain insights into 

users' overall expectations in terms of the prototype Intranet' usability. 

Prototype Validity. Prototype validity can be partially established by 

content validity and stmcture/presentation validity. Content validity, in tum, 

comes from the different types of usefialness measures, and 

structure/presentation validity is derived from the array of usability 

measures. Hyperdocument application such as the Intranet does not involve 

any complex computation (Thuring et al., 1995). It just guides users in 

navigating the pool of information elements that are connected by 

hyperlinks. Thus, the most important aspects of a hyperdocument 

application are the content and easy navigability without getting lost in the 

hyperspace (Marchionini and Schneiderman, 1988; Nielson, 1990; Thuring, 

1995). Easy navigation reflects the structure of nodes and links and their 

presentation to the user. 

Operationalization of the Test Constructs. Since all the test constmcts 

have been explicitiy discussed, and hypothetical relationships between them 

haven been posited, an operationalization of test constructs is proposed in 
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Table 6.4 below. Operationalization of the test constmcts and the design of 

specific measures were derived from the previous empirical research that has 

tested measures and scales for constmcts similar to those in the test model 

(Davis, 1989; Davis et al., 1989; Szajna, 1994). This makes it possible to 

maintain the content validity of the indicator. 

Table 6.4. Operationalization of the Test Constmcts 

Constmct 
Usefiilness 

Usability 

Dimensions 
Content 

Stmcture/ 
Presentation 

Variables 
Job accomplishment 
Job performance 
Job productivity 
Job effectiveness 
Job easiness 
Overall usefiilness 
Leamability 
Commandability 
Understandability 
Flexibility 
Skillfiilness 
Overall usability 

Number of Indicators 

To measure the validity of the content of the prototype application in 

terms of its usefiilness, ^iy. perceived usefulness measurement scales were 

employed. The instmment was originally developed by Davis (1989) and 

Davis et al. (1989). According to Davis (1989), perceived usefiilness is 

defined as "the degree to which a person believes that using a particular 

system would enhance his or her job performance" (p. 985). The indicators 

for the perceived usefiilness are as follows: 

1. Using this prototype enables me to accomplish tasks more quickly. 
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2. Using this prototype improves my job performance. 

3. Using this prototype increases my productivity. 

4. Using this prototype enhances my effectiveness on the job. 

5. Using this prototype makes it easier to do my job. 

6. Overall, I find this prototype usefiil in my job. 

To measure the validity of the stmcture and presentation of the 

prototype in terms of how easy it is for the user to navigate around the 

prototype Intranet, six perceived ease of use measurement scales were 

employed. They were also pre-tested and originally developed by Davis 

(1989) and Davis et al. (1989). The perceived ease of use is defined as "the 

degree to which a person believes that using a particular system would be 

free of effort" (Davis, 1989, p. 985). The indicators for the perceived ease of 

use are as follows: 

1.1 find it easy to leam this prototype. 

2.1 find it easy to get this prototype to do what I want it to do. 

3.1 find it easy to understand the interaction with this prototype. 

4.1 find it flexible to interact with this prototype. 

5.1 flnd it easy to become skillfiil in using this prototype. 

6. Overall, I flnd this prototype easy to use. 

Linking Test Model and Testing. The proposed test model is intended 

to serve as a basis to guide test in the area of hypermedia evaluation. 

Speciflcally, the model argues that the five sources of usefiilness give rise to 

content validity that is appropriately balanced by the five sources of 

usability. This test model has two distinct fiinctions: descriptive and 

analytical. 
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The test model allows researchers to organize the complex set of 

factors that could potentially infiuence the nature of hyperdocument 

application. Thus, this model identifies a parsimonious set of usefiilness 

sources as well as set of usability sources. Using multiple criteria such as 

parsimony, intemal consistency, and domain coverage, it can be argued that 

the model serves a descriptive fiinction. 

The model's role as an analytical tool can be assessed by its potential 

to guide empirical research. Since the model builds from diverse dimensions 

and offers observable and measurable indicators, the proposed model could 

serve as a framework to empirically examine the same issues as might be 

encountered in the development of other types of hyperdocuments such as 

electronic commerce site. 

Hypotheses Generation. Two distinct sets of hypotheses testing will 

be performed to validate the content and the structure/presentation of the 

prototype Intranet. Sign tests were conducted on the total sample for each of 

the usefiilness measures and for each of the usability measures. The 

hypotheses for the usefiilness measures and for the usability measures are as 

follows: 

Hypotheses for Perceived Usefulness Measures 

HI: The prototype is usefiil to accomplish tasks more quickly. 

H2: The prototype is useful to improve job performance. 

H3: The prototype is usefiil to increase my productivity. 

H4: The prototype is useful to enhance effectiveness on the job. 

H5: The prototype is usefiil to make it easier to do job. 

H6: Overall, the prototype is usefiil in performing job. 
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Hypotheses for Perceived Ease of Use Measures 

H7: It is easy to leam the prototype. 

H8: It is easy to command the prototype. 

H9: It is easy to understand the interaction with the prototype. 

HIO: It is flexible to interact with the prototype. 

HI 1: It is easy to become skillfiil in using the prototype. 

HI2: Overall, the prototype is easy to use 

Data Collection and Analysis Method. A survey was designed to 

collect questionnaire data from faculty and staff members of the BCIS/QM 

Department at Hofstra University. They were requested to use the prototype 

Intranet for at least one week before they responded to the questionnaire. 

The questionnaire was adapted from Davis (1989) who pre-tested and 

checked it for intemal, extemal, and construct validity. A copy of the 

questionnaire appears in the Appendix. 

Sign tests were employed to test both perceived usefiilness and 

perceived ease of use. The sign test is a non-parametric binomial test that 

was devised about 270 years ago. In the sign test, the data consists of 

observations on a bivariate random sample (X,, Yj), (X2, Y2), ..., (X ,̂, Y^), 

where there are m pairs of observations. If there are 20 responses for the 

questionnaire, the number of data points will be 20 for each variable of the 

usefiilness and usability. For each of 20 responses, + (plus) is assigned if 

"Agree" is marked, and - (minus) is assigned if "Disagree" is marked. A 

"Don't know" mark will be considered "fie," which means "no opinion." For 

example,"+" represents the event "I think the prototype is easy to leam," and 

"-" represents the event "I think the prototype is not easy to leam." All the 
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responses will be classified into "+," "-," and "tie" for all variables. Then, 

the following one-tailed test will be performed: 

Ho: P(+) < P(-) 

Hi :P(+)>P(- ) 

where HQ says, for example, that "The prototype does not seem easy to 

leam," while Hj says, for example, that "The prototype seems easy to leam." 

Each six questions for the perceived usefiilness can be tested in this way. 

Similarly, each six questions for the perceived ease of use variable can be 

tested. The test procedure is as follows: 

n = total number of+'s and - 's 

T = number of+'s 

p = probability of each trial resulting in the outcome "Agree," which is 

assumed 0.5 in sign test 

t = number of times the outcome is "Agree" when the level of 

significance a = 0.05 in the binomial distribution. This is 

approximately t = n/2 - square root of n. 

Larger values of T indicate that a plus is more probable than a minus, 

in agreement with H^. Therefore, the level of significance a 

corresponds to values of T greater than or equal to n - 1 , where t is 

found in the binomial distribution table with p = 1/2 and n. Then HQ is 

rejected if T > n - t . 

Threats to Validity. Cook and Campbell (1979) identified four 

important threats to the validity of statistical experiment: statistical 

conclusion validity, intemal validity, extemal validity, and construct validity. 
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Threats to statistical conclusion validity are threats to drawing valid 

inferences about the covariance of two variables. Even though explicit 

inferences about the covariance of two variables was not considered in this 

test, the test results of individual variables were used to extrapolate the 

validity of content and stmcture/presentation aspects of the prototype and, 

hence, the validity of the prototype itself In fact, the test did not seek the 

exact solution to approximate problems fiimished by parametric statistics. 

Rather, it sought the approximate solutions to exact problem of whether the 

prototype was usefiil and usable in terms of individual variables for each 

context. This statistical procedure, called nonparametric statistics, has 

several advantages: (1) it uses a simpler model such as the sign test; (2) it 

involves less computational work and therefore is easier and quicker to apply 

than other statistical methods; and (3) instead of focusing on a specific 

statistical distribution of variables, it emphasizes what the problem is 

(Conover, 1980). 

Intemal validity refers to the extent to which conclusions can be 

drawn about the causal effect of one variable on another (Cook and 

Campbell, 1979). In a single post-test design such as this, the main concem 

is whether there are altemate explanations for the measured effects other 

than those proposed by the test model. To reduce the possibility of 

unmeasured explanations causing the measured effects, data from 30 

individuals were independently collected. Regarding intemal validity, one of 

the sources of threats to intemal validity is history. History refers to the 

occurrence of any event which is not part of an experiment but which may 

affect performance on the dependent variable. The longer a study lasts, the 
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more likely it is that history may be a problem. Thus, although the period of 

the survey seems to be short, the survey was conducted quickly to avoid the 

effect of history on the variable. Furthermore, the prototype is relatively 

short so that the time period for the survey appears to be enough. 

Extemal validity is the threat of not being able to generalize 

conclusions about the test across hyperdocument applications. The test may 

suffer from extemal validity because the test results cannot be generalized 

across all hyperdocument applications. However, it seems to be natural in 

that the test was not designed in the context of all types of hyperdocument 

applications that have been and/or are to be developed using different 

hypermedia design methodologies. Content, stmcture, and presentation 

aspects of a hyperdocument application will vary in different application 

domains as well as in different methodologies. 

Threats to constmct validity refer to the extent to which the test 

constmcts are successfiilly operationalized and measured during the test 

procedure. Threats to the validity of measurement, in tum, relate to two sets 

of concems in the context of this test. First is the choice of key informants 

(motivational barrier, perceptual and cognitive limitations, and lack of 

information are all concems here). To safeguard against this threat, the key 

informants were chosen based on the direct interaction with the prototype. 

In addition, complete confidentiality was guaranteed throughout the test. 

Second is the concem regarding some of the important issues surrounding 

the measurement scheme and the instmment. As stated earlier, the test 

instmment was developed and pretested by several researchers (Davis, 1989; 

Davis et al., 1989; Szajna, 1994). 
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Test Sample Characteristics. For a possible sample population of 30 

questionnaires that were administered to BCIS/QM Department of Hofstra 

University, usable surveys were received from 20 respondents (please refer 

to Appendix A for a copy of the survey instmment and invitation letter to 

potential participants) accounting for 66.67%. In order for the retumed 

surveys to be considered usable, respondents were required to answer all the 

questions in the questionnaire. Table 6.5 below gives a breakdown of 

response rate. 

Table 6.5. Survey Response Rate 

Sample Population 
Category 
Faculty Members 

Staff Members 

Total 

Possible Sample 
Population 
27 

3 

30 

Usable Surveys 
Retumed 
19 

1 

20 

% Response Rate 

70.37% 

33.33% 

66.67% 

Test Results and Discussion. The test results are shown in Table 6.6 

below with statistics involved in the test. As can be seen, most of the 

hypotheses were rejected at the level of significance a = 0.05 except for 

hypotheses H2, H3, and HIO. The hypothesis H2 represents "job 

performance" that may be largely assessed by teaching and service 

performances of faculty and staff members. In fact. Intranet may not assist 

"cognitive factors" that are necessary to obtain higher job performance. The 

cognitive factors would include teaching and job skills, knowledge levels. 
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Table 6.6. Test Results 

Hypotheses 
HI: Job accomplishment 
H2: Job performance 
H3: Job productivity 
H4: Job effectiveness 
H5: Job easiness 
H6: Overall usefulness 
H7: Leamability 
H8: Commandability 
H9: Understandability 
HIO: Flexibility 
HI 1: Skillfulness 
H12: Overall usability 

T 
13 
7 
2 
15 
14 
15 
18 
17 
18 
2 
19 
18 

ties 
2 
3 
0 
1 
3 
1 
0 
1 
0 
3 
0 
1 

n 
18 
17 
20 
19 
17 
19 
20 
19 
20 
17 
20 
19 

t 
5 
4 
6 
5 
4 
5 
6 
5 
6 
4 
6 
5 

n - t 
13 
13 
14 
14 
13 
14 
14 
14 
14 
13 
14 
14 

a 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

p-value 
0.0154 
0.0717 
0.1316 
0.0096 
0.0064 
0.0096 
0.0207 
0.0096 
0.0207 
0.0717 
0.0207 
0.0096 

T > n - t 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 

Decisions 
Reject 
Accept 
Accept 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Accept 
Reject 
Reject 

job difficulty, motivation, self-esteem, and others identified by Maslow 

(1954). Thus, the test result seems to hold. Another reason for the 

acceptance might come from the use of the prototype Intranet for a short 

period time. Even though the history effect is suspicious, the survey might 

have been conducted after the prototype has used for a relatively long period 

of time to get a correct effect on the job performance. In fact, job 

performance can be measured through a long period of time. 

The hypothesis H3 means that the prototype would be helpfiil in 

increasing job productivity. In general, productivity in teaching institutions 

seems to be understood in terms of research productivity. Research is a 

mental activity that may not be assisted by a hyperdocument system such as 

Intranet. The prototype Intranet did not provide the users with any helpfiil 

information about faculty research projects. However, it provided the 

administrators including the chairperson and staff members with a facility 

that can be used for creating various departmental memos as well as 
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generating and communicating various opinions. In this context, the result 

of the hypothesis test seems to be acceptable. 

The hypothesis HIO was devised to see if subjects found the prototype 

Intranet flexible. Flexibility measures adaptable and modiflable 

characteristics of an information system. As stated earlier, hyperdocument 

system does not involve any complex computation. Users are just guided to 

a specific information element by hyperlinks. Once a stmcture of 

hyperdocument is implemented using nodes and links, no much leeway is 

left to users. Rather, the browser itself might govem the flexibility. 

Nevertheless, the prototype attempted to offer some flexibility to users by 

implementing "Communications" threshold. It was, however, possible 

through associating the Intranet with another application (Microsoft Word). 

Even though the test revealed mixed results, the overall usefulness and 

the usability of the prototype tends to hold. It implies that users might have 

higher expectations about the Intranet at large. It suggests possible fiinctions 

that can be fiimished by the fiiU-fledged Intranet. As a whole, the test results 

allow us to extrapolate the soundness of the content and 

stmcture/presentation aspects of the prototype Intranet. This suggests the 

validity of the prototype in the overall context. 

Chapter Summary 

This chapter presented the research validation procedure in terms of 

two aspects: IDM methodology validation and prototype validation. IDM 

validation was performed in two ways. One was to verify the problems 

identifled during this research by the comparison of the IDM with five 
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existing hypermedia design methodologies focusing on development cycle 

and design primitives. The other was to verify the methodology using the 

general requirements necessary for any hypermedia design methodology. 

The prototype validation was performed by showing the development 

process and by conducting a test against the developed prototype. 
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CHAPTER VII 

CONTPaBUTIONS, LIMITATIONS, AND 

SUGGESTIONS FOR FUTURE RESEARCH 

This chapter presents a brief discussion of the contributions, 

limitations, and some suggestions for fiiture research. The first section notes 

the contributions of this research. The second section presents the 

limitations of this research. This is followed by some suggestions for fiiture 

research. 

Contributions 

The expected contributions of this research can be explained under 

theoretical and practical perspectives. 

The theoretical contribution stems from the application of the 

attribution to the development of Information Stmcture (IS). The attributes 

of an object in both object-oriented and Entity-Relationship modeling have 

been "generally" used to represent some characteristics of the objects or 

entities in analyzing an application domain. However, an attempt is first 

made in this research for a "categorized" use of attributes. This research 

divides attributes into intrinsic, associative, and conditional attributes. 

Conditional attribute has been used for subclassing in identifying various 

sub-classes from a given class (entity type). The classes and subclasses 

become the basis of determining various links among information elements. 

The associative attribute has been used to identify associations among 

instances of classes or sub-classes. The intrinsic attribute represents the 

168 



lowest level of properties of an instance that have atomic values. Later, 

intrinsic attributes are combined into a "chunk" of information called 

"Overview" because representation of each individual intrinsic attribute as a 

node would quickly make an Intranet cumbersome and hard to implement. 

This classification of attributes may contribute to more refined domain 

analysis for developing information systems. 

Another theoretical contribution comes from the new techniques of 

stmcturing hyperdocuments into the global and local stmcture. The former 

has been handled by the Metainformation Stmcture (MIS) that shows the 

information about information by using various node types. The latter has 

been manipulated by the Information Structure (IS) that analyzes the actual 

content of each node within the global stmcture by using attribution. The 

MIS gives an abstract view of an application domain, while the IS provides a 

microscopic view of the application's information content. The MIS and the 

IS are also very usefiil in identifying hierarchical and referential link types. 

They together support the basic notion of the hypermedia: a network of 

nodes and links within the global and local information stmcture. 

Contributions, in a practical sense, of the proposed methodology are 

articulated in the following: 

1. The IDM attempts to provide a methodology for the design of Intranet 

as a hyperdocument. There has been no published Intranet design 

methodology. It is believed that the IDM will provide a robust 

foundation for the design and development of the Intranet, a growing 

new information systems area. 
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2. This research provides a technique for user information requirements 

analysis called PUMA. Even though the usefulness has not been 

verified yet, the new method promises to efficiently utilize the 

business processes and their corresponding user-processors. 

3. The MLS and the IS provide a systematic method for analyzing 

information stmcture in terms of global and local stmctures. It is 

believed that they are useful techniques, since the MIS employs a 

natural mechanism in constmcting a tree-like information stmcture, 

and since the IS utilizes a new attribution method to provide 

meaningfiil hierarchy-like network using hierarchical and referential 

links between information elements. 

4. The user-interface design specification technique is quite simple to 

implement, since it is based on the well-known stmcture called 

"frame." Even though the method is not universal, the implementation 

is quite logical and reasonable. 

5. Although the proposed Intranet design methodology focuses 

specifically on the Intranet, it can also be used for other Web-based 

applications. 

Limitations 

First, it is important to point out that the proposed Intranet Design 

Methodology (IDM) focuses on information requirements analysis, 

navigation design, and user interface design. Although other stages are 

undeniably important in software development, only some suggestions are 

proffered. 
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Second, the research does not provide any formal method for the 

adjustment or modification of the MIS in the navigation design stage. After 

constmcting an initial MIS, the designer may need to modify the MIS based 

on the some criteria such as reasonable node size. However, the node size 

may not be determined until he/she fills the nodes in the implementation 

stage. This implies that if a node size (hence, a file size) is too big, the 

designer should go back to the MIS constmction step and modify the 

stmcture. This modification entails the modification of IS stmctures and 

user interface because the stages of the IDM are closely related to each 

other. 

Third, the Process User Matrix Approach (PUMA), a technique for 

user information requirements analysis, appears very simple to use. 

Nonetheless, the problem lies in the identification of processes. It is 

believed that in the real word, a vast amount of business processes exist. 

Therefore, the identification of business processes, the organization of the 

processes into "upper class" processes, and finally the assignment of the 

processes to individual "user-processors" may not be an easy task. This 

might hinder the usefulness of the PUMA. 

Fourth, the research validation procedure has several limitations. 

First, the methodology validation was performed in a logical manner by both 

comparing the IDM to the existing hypermedia design methodologies and 

examining the IDM vis-a-vis a set of general requirements of a hypermedia 

design methodology. As mentioned earlier, this is a logic trace method. It 

may reveal only an "approximate" validity, not an absolute validity. Second, 

the prototype validity was extrapolated from the test results. The test results 
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were mixed in usefulness measures. It may not possible to conclude that the 

prototype is valid merely based on the number of "positive" results. 

Nonetheless, the test results offer some insights into the validity of the 

prototype. There is another limitation related to the analysis of the 

questionnaire data using the sign test. It does not reveal any causal 

relationship between variables, even though the test was not intended to 

examine any causal relationship. Nonetheless, the sign test was based on the 

bivariate random variables as was designed for such situations. Yet another 

limitation pertains to the logical conclusions on some verification processes, 

including operationalization verification, design verification, and 

functionality verification. They were considered to be verified by the 

prototype design and implementation. 

Directions for Future Research 

There are several directions that could be followed by future research. 

An interesting and promising area in the hypermedia field is the integration 

and/or enhancement of the hypermedia with existing applications. Although 

this research is emerging, there is no specific method for integration. 

Another direction pertains to virtual stmcture design. There have been 

several trials for this area using the database metaphor, but the research 

remains infantile. At the age of information overload, any formal method for 

extracting relevant information from a given information space is believed to 

be very important. Yet another direction is to analyze the reasonable size of 

a file in the field of hypermedia. A file that is too small may not be 
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meaningfiil in conveying information. If a file is too big, the users may lose 

interest in consuming the valuable information. 
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PPROTOTYPE INTRANET QUESTIONNAIRE 
BCIS/QM DEPARTMENT 

Please answer the following questions related to the usefulness and usability of the 
BCIS/QM prototype Intranet. It should take no longer than 5 minutes to complete this 
questionnaire. Your individual responses will be kept completeh confidential. 

After answering all the questions, please insert the survey into the self-addressed 
envelope and put it in my mailbox. 

THANK YOU for you corporation and time. 

Please circle the MOST (only one) appropriate response for all the questions in the 
survey. 

The following 6 questions concem your perceived usefulness of the BCIS/QM prototype 
Intranet. 

1. Using this prototype enables me to accomplish tasks more quickly. 

Disagree Don't know Agree 

2. Using this Intranet improves my job performance. 

Disagree Don't know Agree 

3. Using this prototype increases my productivity. 

Disagree Don't know Agree 

4. Using this prototype enhances my effectiveness on the job. 

Disagree Don't know Agree 

5. Using this prototype makes it easier to do my job. 

Disagree Don't know Agree 

6. Overall, I find this prototype useful in my job. 
Disagree Don't know Agree 
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The following 6 questions concem your perceived ease of use of the BCIS/QM prototype 
Intranet. 

1. I find it easy to leam this prototype. 

Disagree Don't know Agree 

2. I fmd it easy to get this prototype to do what I want it to do. 

Disagree Don't know Agree 

3. I find it easy to understand the interaction with this prototype. 

Disagree Don't know Agree 

4. I find it flexible to interact with this prototype. 

Disagree Don't know Agree 

5. I find it easy to become skillfiil in using this prototype. 

Disagree Don't know Agree 

6. Overall, I find this prototype easy to use. 

Disagree Don't know Agree 

THANK YOU VERY MUCH FOR YOUR COOPERATION AND TIME 
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INVITATION LETTER 
(on Departmental Memo) 

(FIELD) Date 

(FIELD) Full Name 
(FIELD) Re: 

Dear (FIELD) Last Name: 

As part of my research, 1 have developed a prototype Intranet for the BCIS QM 
Department. I am investigating the usefulness and usability of the prototype Intranet. 
Usefulness refers to the extent to which the prototype is helpful in performing your 
ordinary job. Usability refers to how easy it is to use the prototype Intranet. 

A key to the success of this research is the voluntary participation of you. Before 
answering the questions in the questionnaire enclosed, you are requested to use the 
prototype Intranet for at least five working days. In order to start using the prototype 
Intranet, please open your Web browser (no matter what browser you are currently using) 
and type http://147.4.155.104 at the address box of your browser (to do that, please click 
File menu and click Open File or Open Location submenu, depending on you browser). 
All necessary instructions to complete the survey are detailed in the enclosed 
questiormaire. 

I would like to assure you that all your responses will be completely confidential. 
If you have any questions or would like to contact me, don't hesitate to call x35733 or 
email acsscl@hofstra.edu. Thank you in advance for participating in this research project. 

Sincerely, 

Seung C. Lee, Researcher 
BCIS/QM Department 
Hofstra University 
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