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Abstract 

This research investigates the systems aspect of the electronic libraries. It is concerned 

with developing a Personal Digital Library (PDL) system which sits on a PC, stores and 
manages all sorts of information, acts as a personal information centre, and 

communicates with various electronic library servers. Three technical issues, the 
information retrieval issue, the user issue, and the inter-operability issue, are identified 

as crucial to the PDL and are investigated in some depth. 

The main contribution of the research is the establishment of the CoBroSe approach to 
information retrieval. The basic idea of CoBroSe is to visually present the database and 
the associations among search terms to the users. Search terms and their associations 

are graphically presented as trees so that the users can browse and select them. Once a 
search term is selected, the system does the search and updates the associated 
documents. CoBroSe is thus a combination of browsing and searching in which the 

users browse through the term trees and the system assists the users in doing the search. 
CoBroSe possesses the advantages of both searching and browsing; for example, no 

search uncertainty, more interactive, and better organised. The research has also 
formalized CoBroSe with set theory. 

The user issue is mainly concerned with user requirement changes. The research 

advocates an adaptive user-centred electronic library model to cope with the changes. 
The idea is for the system to provide rich tools to allow users to do changes themselves. 

The inter-operability issue concerns how to make the PDL work with other information 

systems. The research proposes a client/client solution to the inter-operability problem. 
The solution is an extension to the application launching idea. By invoking and 

communicating with the information system clients on the same workstation, the PDL is 

able to access many potential information systems. 

The research has produced a system design of the PDL and implemented a prototype 
PDL system with CoBroSe support. Based on the prototype software, a small scale user 
survey of 15 users was carried out. The feedbacks from the users were very positive 
and constructive. 
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1. Introduction 

The electronic library, or digital library, is an interdisciplinary subject 

calling for researches on a wide range of areas. This chapter provides a 
bird's eye view of the whole field by looking at the underlying technology, 

the basic concepts, and the main stream researches. The chapter also 

outlines the scope and structure of the dissertation. 

1.1 Digital technology and its impact on libraries 

Ancient books, whether made from clay bricks or papyrus as in Europe, or made 

from silk or bamboo strips as in China (Ronan 1978), were hard to come by. The 

materials for books were either too expensive or too big in volume and the labour 

for manually transcribing a book was tremendous. Only a few people could own 

books. Libraries were rare and small in scale. The largest library in Britain in the 

15th century held only about 2000 volumes (Kelly 1966). It was the innovation 

of paper and printing and the developing public needs for knowledge that made 

modem books and libraries possible (Needham 1985). 

Today, we are faced with a new and exciting technological challenge --- digital 

media and computer networks. Digital media including hard disks, tapes, or 

optical disks have many advantages over papers for storing information. In terms 

of volume, digital media is far more compact than paper. One single optical disk 

today can hold some 100 printed books, a few hundred times reduction in 

volume. A library of 100,000 books requiring a few rooms to house can be 

packed into some 1000 optical disks requiring only one bookshelf. In terms of 

access speed, digital media can be accessed in seconds while searching for a 

paper form documents takes hours if not days. In terms of reading space, 

computer networks can link electronic libraries thousands of miles away to the 

user's desks allowing world wide on-line accesses. In terms of ease of use and 



ease of management, information on digital media can be authored, distributed, 

and managed by computer programs which can replace time consuming and 
tedious manual work. In terms of economics, the price of digital media has been 
halving every few years. 

Libraries exist in many forms and are of many types today. What does the 
fascinating technology imply for our libraries? Levy and Marshall (1995) studied 
this from three crucial points -- documents stored in the library, technology on 

which the libraries are based, and work in which the library users engage, and 

concluded that future libraries will inevitably inherit many properties from 

libraries today in terms of "document" and "work", but will be very different 

from the libraries today in many other aspects such as technology. If we look at 
the growth of the CD-ROM networks, the World Wide Web, and the Internet in 

recent years, we can say safely that technology will transfer existing libraries into 

ones in which electronic form documents and computing technologies have 

important roles to play. 

1.2 What is an electronic library 

The electronic library is also referred to as the virtual library, or more recently 

as the digital library. It invokes different impressions in different persons as 
discussed by Fox ( Fox et al 1995). To some computer professionals, an 

electronic library is simply a distributed text-based information system, a 

collection of distributed information services, or a networked multimedia system. 

To others, it may simply suggest computerization of traditional libraries. It is 

difficult to give an exact definition of the electronic library at this stage. The 

electronic library will evolve and hopefully be gradually accepted by the general 

public whatever our definition is. But whatever the electronic library may turn 

out to be, it will have the following aspects: 

" Information sources: the electronic library will store a huge amount of 
information sources including electronic books, journals, videos and many 

other forms of electronic information. Digitalization technology may be used 
to transform existing printed materials into electronic form. Electronic 



publishing, either by publishers or individual authors, will provide the 

electronic library with rich information sources. Digital networks will link the 

resources for sharing globally. 

" Access and retrieval: The electronic library will provide ways for accessing 

and retrieving the information sources. Access can be remote or local. Suitable 

ways of retrieving and viewing the information sources must be provided. 

This is the window from which the users see and interact with the electronic 

library and is the most crucial aspect. This is also the kernel of the electronic 

library systems. It calls for research in networking, information retrieval, GUI 

design, integration, and standardization. 

" Management: Information sources are properly kept so that intellectual rights 

are protected and organizational management policies can be imposed. Proper 

billing mechanism, authentication, and other management mechanisms should 

be provided to protect the interests of the source information suppliers. 

" Usage: The public will be familiar with the standardized electronic library 

services and able to use them whenever needed. Information related to "work" 

may either be stored locally in a personal digital library on a PC, or stored 

somewhere far away and shared through the personal digital library. This calls 

for training and awareness of users. It also calls for user studies. 

iectroniI Users access the 
ik*< electronic libraries 

through PCs 
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Figure 1 Electronic library diagram 
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The above four points highlight some of the very high level services or functions 

the electronic libraries should provide. To provide those services, the electronic 
library system must have the corresponding software and hardware components. 

Figure 1 shows some of the physical components and a possible scenario of users 

accessing globally shared electronic libraries through a personal computer. As 

shown in the figure, there will be many electronic library servers geographically 

distributed all over the world and linked by computer networks. Users will be 

able to access the electronic libraries through their networked PCs. The main 

advantages of the electronic libraries characterized above compared with printed 
libraries are: 

" Information is always available. One copy of a electronic document can be 

shared by many users and there would be no such problems as books being 

unavailable because someone has borrowed them. No book shelves or store 

rooms are needed for physically holding printed documents. A range of 

problems related to physically handling printed books in the traditional 

library, such as shelving and checking in and out of books, will disappear 

" The "reading space" in an electronic library environment is no longer 

restricted to the physical reading rooms. Computer networks can bring a vast 

amount of information resources on the network to users at home or at work 

and allow many electronic libraries to be accessed at the same time. 

" Locating information in seconds. Searching and browsing allows the users to 

access the required information much quicker than in conventional libraries. 

" Automation. Most management work, such as document capture and 

classification, can be performed by computer programs. 

With the technology today, printed documents still have some advantages over 

the electronic ones. For example, the computer screen today is still not as 

comfortable to read as on paper because of the screen resolution and size (Mils 

1987). But we can make use of printed documents in electronic libraries too; for 

example, we can provide a "print on demand service" in which readers can access 
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the electronic documents on-line and print those documents they want to carry 

and study. 

1.3 Electronic library researches 
The idea of the electronic library was with us well before the technology could 
deliver it. Asimov (1975) wrote an interesting story in which future children treat 

our printed books as antiques. However, serious research and experiments of 

electronic libraries did not take off until the late 1980s when computer and 

networking technology was ready to implement them. MERCURY (1992) is one 

such early experiment. The 1990s see a steady growing interest in electronic 

libraries. The exponential increase in WWW traffic in recent years (NSFNET 

1996) certainly reflects this trend. The NSF initiative in the United States (NSF 

1995), the FIGIT electronic library programme (FIGIT 1995) in the UK, and the 

Telematics for Libraries programme of the European Union (Telematics for 

Libraries 1996) mark the involvement of governments in this area. 

The electronic library is an interdisciplinary subject involving a wide range of 

areas from law to programming. It is apparent that taking electronic libraries as a 

pure extension of existing library systems will be too constraining because they 

are based on different technologies. It is also apparent that an electronic library is 

not merely about storing electronic data and connecting everyone and everything 

together using computing technologies. In a special issue of the Communications 

of the ACM, Fox et al listed some 60 areas of research (Fox et al 1995) for 

electronic libraries from the point of view of computer scientists. Yet there are 

many more research areas from the point of view of users, intellectual property, 

economics, and electronic publishing. 

The electronic library is a young, dynamic, and fast changing area. Chapter 2 of 

this thesis, which is an overview of the current research, has been updated several 

times to reflect the rapid changes since the chapter was put together in 1994. Yet 

there are few electronic library standards, even no unanimous agreement on the 

term "electronic library" as described by Fox (Fox et al 1995). Research in this 
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area is either focused on experimenting with electronic collections or 

experimenting with electronic library systems. 

From the technical point of view, we believe the following three issues are 

particularly important to electronic libraries. The first is the user issue. It is the 

users who decide whether to accept or reject the electronic library and it is the 

users for whom the electronic library are designed. How to satisfy the users' 
information seeking needs is thus a top priority. The second issue is information 

retrieval in an electronic library environment. The amount of documents stored in 

electronic libraries is huge and the format of documents is heterogeneous. 

Effective and efficient retrieval, easy and intuitive presentation and manipulation 

is crucial. The last issue is inter-operability. There will be many diversities of 

electronic libraries with different data formats and using different software 

packages distributed all over the world. It would be a waste of resources if 

information stored in one electronic library can not be accessed by another. 

Electronic libraries over the world should be able to share electronic documents 

whatever the data format is, whatever the communication protocols they use or 

whatever the hardware platforms they are running on. 

1.4 The scope and contributions of the research 

This research is concerned with the design and implementation of better 

electronic library systems. We are particularly interested in developing a Personal 

Digital Library (PDL) system which sits on a PC, stores and manages all sorts of 
information, acts as a personal information centre, and communicates with 

various electronic library servers. The three technical issues identified in the 

previous chapter -- the information retrieval issue, the user issue, and the inter- 

operability issue -- are also crutial to the PDL and are studied in different levels 

of details. 

The thesis starts with three overviewing chapters highlighting related research 

and analysing existing approaches in information systems design. Current 

electronic library projects, information systems design and modelling, and 
information retrieval are discussed separately in the next three chapters. 
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We then focus on information retrieval with the objective of developing 

alternative retrieval approaches which may be employed for electronic libraries. 

A new information seeking approach, called CoBroSe, is proposed and 
developed. The basic idea of CoBroSe is to visually present the database and the 

associations among search terms to the users. Search terms and their associations 
(or relations) are graphically presented as trees so that the users can browse and 
select them. Instead of composing a search query and waiting for the hit-list, the 

users seek information interactively by exploring the term trees. Each node in the 
tree represents a term and is associated with a set of documents matching the 

term. Once a search term is selected, the system does the search and updates the 

associated documents. CoBroSe is thus a combination of browsing and searching 
in which the users browse through the term trees and the system assists the users 
in doing the search. CoBroSe has the advantages of both searching and browsing; 

for example, no search uncertainty, more interactive, and better organised. The 

term trees can be constructed automatically from the database and index. The 

research also formally establishes the mathematical foundation for automatically 

constructing the term trees. 

The rest of the thesis is devoted to PDL design and implementation. The thesis 

analyses and models the user's needs during information seeking in an electronic 
library environment. An adaptive user-centred electronic library system model is 

proposed and discussed. The model, although very rough and conceptual, does 

provide clues on what the system should offer to the users. 

The user centred electronic library system should allow the users to access 

various data formats stored in different electronic library servers. However, this 
is not the case because of the inter-operability problem. It happens because the 

electronic library client software the user is using can only understand the 

procedures and data formats of one or a few electronic library servers. We 

propose a client/client solution to the inter-operability problem. The solution is a 
simple protocol for two client software to exchange simple data. 
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Finally we produce the design of the PDL to incorporate all the ideas developed 
in the thesis. A prototype system of the PDL is implemented to support and 
demonstrate the CoBroSe idea. A small scale user survey of 15 users is also 

carried out with the prototype to get user reactions on CoBroSe and the PDL. All 

the 15 users were very positive about CoBroSe and PDL and all of them think 
CoBroSe is easy to use and useful for finding information. 

In particular, the following contributions are made: 

The CoBroSe approach: Searching and browsing are the two primary ways for 

information retrieval. They both have advantages and drawbacks. The CoBroSe 

approach combines them together and has the advantages of both searching and 
browsing. The research introduces the CoBroSe idea, develops the CoBroSe 

approach, and also investigates its applications. The CoBroSe approach 

represents data as term-term association trees. To represent the tree and to 

construct the tree automatically, we need to formalize CoBroSe. Set theory is 

used to establish the mathematical foundation for CoBroSe. 

The adaptive user-centred model: User models are difficult to establish 

because they depend on both the users and the system the users use (McTear 93 ) 

Instead of following the traditional way of monitoring users and analyzing user 

actions, this research proposes a conceptual user-centred electronic library model 

which focuses on providing the users with tools to enable the users to 

accommodate the functional needs and personal preferences themselves. 

The client/client approach to inter-operability: Inter-operability between two 

systems is usually solved by using common protocols between the two systems. 

Communication protocols for information retrieval are usually complicated and 

difficult to implement. The client/client approach, which is an extension to the 

helper applications, avoids protocol conversions by linking two clients on the 

same workstation. A simple protocol for communications between the clients is 

proposed and discussed. 

The Personal Library: The Personal Digital Library (PDL) is a system 

incorporating all the ideas mentioned above -- the user centred model, CoBroSe, 
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and the client/client architecture. The PDL sits on the users' desktop and 

manages the users' information needs. The PDL keeps its own database as well 

as links to foreign data. Internal data are processed by PDL and foreign data are 

processed by the helper applications. To the users, it is an integrated information 

environment capable of managing existing as well as future types of information. 

The research produced a design of the PDL. 

The PDL prototype and the user survey: A prototype PDL supporting 

CoBroSe is implemented. The prototype, although missing many features and 
functions of the design of the PDL, has brought CoBroSe one big step further 

from pure research. It enables us to test the CoBroSe idea and to expose it to 

users. A survey of 15 users was carried out with the prototype. All the 15 users 

were very enthusiastic and positive about CoBroSe and the prototype. All of 

them said that CoBroSe is easy to use and useful for finding information. Many 

constructive suggestions on improving the prototype were also gathered. 

1.5 The structure of the thesis 

The thesis is organized in 11 chapters. Chapter 1 is this chapter. 

Chapter 2 to Chapter 4 are general overviews. Chapter 2 lists and briefly reviews 

some forty electronic library projects and government initiatives. The purpose of 
this chapter is to highlight what is going on in the electronic library research area. 
Chapter 3 reviews various information system design and modelling methods. 

The focus is on conceptual modelling which is used in the later chapters. Chapter 

4 reviews major information retrieval mechanisms from the point of view of 

associations. Information retrieval by using associations among terms is 

particularly relevant to the CoBroSe approach. Information retrieval systems and 

their design and evaluation are also discussed. 

Chapter 5 develops the CoBroSe approach. The chapter analyses the drawbacks 

of searching and browsing and suggests ways to overcome the drawbacks. The 

result is the CoBroSe approach which combines searching and browsing. Chapter 
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6 studies document properties and formalizes the process of constructing the term 

trees for CoBroSe as developed in Chapter 5. 

The rest of the thesis discusses electronic library systems design and modelling. 

Chapter 7 analyses user requirements from existing user modelling and user 

studies and establishes a user-centred model for the electronic libraries. Chapter 8 

proposes an alternative solution to the inter-operability problem by linking the 

clients of database servers on the user's workstations. Because the clients all run 

in the same environment, the communications among them are easier. Chapter 9 

produces the design of the PDL, which has all the features studied in the previous 

chapters. Chapter 10 presents the prototype implementation of the PDL and the 

user survey. 

We conclude our research in Chapter 11 which evaluates our research and 

highlights future directions. 

1.6 Summary 
Digital technology has paved the way for the next generation library -- the 

electronic library which can be viewed from four aspects -- the information 

sources, access to and retrieval of the information sources, management, and 

usage. 

This research concerns the systems aspects of the electronic libraries. Three 

fundamental issues -- the information retrieval issue, the user issue, and the 

inter-operability issue are investigated. A design of the PDL is produced. The 

main contribution of the research is the establishment of the CoBroSe approach 

to information retrieval. The research has not only theoretically established the 

CoBroSe approach, but also built a system for testing it. Reactions to CoBroSe 

and PDL from a small user survey was very positive. 
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2. A Review of Electronic Library Projects 
and Systems 

Serious electronic library research did not start until the late 1980s when 

the networking technology was ready to deliver electronic documents. 

Some earlier projects, such as the MERCURY project, were initiated by 

libraries with the objective of storing and retrieving on-line, full text 

documents. Other projects, such as the various network information 

discovery tools, were started by the computer science departments with 

the objective of exploring networking technologies. In 1993, the US 

launched the NSF digital library initiatives and the UK published the 

Follett report. Electronic libraries, or digital libraries, then became an 

umbrella for a wide range of research activities involving publishers, 

librarians, and computer scientists. It is dcult to review all the 

research projects in one chapter. We will focus on several typical 

projects, major initiatives, and prototype electronic libraries. 

2.1 Electronic library research in libraries 

The idea of the electronic library has been with us well before the technology 

was ready to implement it. In the early 1970s, for example, Alan Kay of Xerox 

Corporation led a team whose brief was to consider electronic books. Although 

the technology at that time could not deliver a working prototype, the team did at 
least define the likely characteristics of such a device (Holmes 1990). 

The arrival of the Internet and various window systems in the later 1980s marked 
the beginning of large scale electronic library research and experiments. Many 

libraries started experiments aiming at building full text electronic collections for 

campus wide access. The most important characteristic of those projects is that 

the electronic form documents were captured from printed documents by using 
image processing techniques. We select and briefly discuss 6 of the many 
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projects in this period. The 6 projects are distributed all over the world 

representing the main streams of research. They include the MERCURY project, 
the CORE project, the RED SAGE project, the ELINOR project, the ELNET 

project, and the RMIT Telelibrary project. 

The MERCURY electronic library project (Arms 1992; Watkins 1992; Fleischer 

1992) at Carnegie Mellon University started in 1989. The objective of the 

project was to build an electronic library which would deliver a large percentage 

of the information used in a specific discipline - computer science, particularly 

artificial intelligence - to the desks of people doing research in that discipline. 

The information loaded into the computer system included journals from the 

Association for Computing Machinery, the Institute of Electrical and Electronic 

Engineers, and the American Association for Artificial Intelligence. As work 

progressed, the priorities were changed to create a general purpose system to be 

used as a campus-wide library information system, for collections in specific 

disciplines, and as part of a national electronic library. The MERCURY software 
is also being tested and adapted at two European universities, at Tilburg 

University in the Netherlands and at Cranfield University of Technology in 

England (Blagden & Ford 1994). 

MERCURY employs a client/server architecture and has built several user 
interfaces for different platforms, including a VT100 menu based interface and a 
UNIX/Motif graphical user interface. The server consists of several subsystems 

including a searching engine which is currently the Fulcrum Fultext, an 

authentication engine using the public domain Kerberos system, an accounting 

service in charge of the billing, and document capturing and delivery subsystems. 

The information retrieval protocol is ANSUISO Z39.50 (Z3950 1996) which runs 

on top of the TCP/IP protocol. 

The CORE (Chemistry On-line Retrieval Experiment) project (Lesk 1991; Egan 

et al 1991) at Cornell University was studying the possibility of creating a useful 

electronic library accessible to the 100 faculty and postgraduate chemistry 

researchers via the high-speed campus network. The project was a collaboration 
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of the American Chemical Society (ACS), Bellcore, Chemical Abstracts Service, 

Cornell University and OCLC, and University College London (UCL). The test 
file includes ten years of the ACS' 24 on-line journals. The text, equations and 
tables are taken from typesetting tapes, and converted by Bellcore to SGML 

texts, supplemented with the graphics from the scanned microfilm of the printed 
journals. 

The first objective of CORE was to assess the effectiveness and acceptability of 

electronic access to journal articles as compared with printed forms. The second 

objective was to identify the most desirable function of the user interface to an 

electronic journals system including a comparison of page image display with 
ASCII text display interface. One of the interesting results from CORE (Egan 

1991) was a user study of three systems with different user interfaces and data 

models. The first system is the traditional printed index and paper form journals. 

The second system is SuperBook, a hypertext browser with searching facilities. 

The third system is Pixlook, an ordinary free text system with image displaying 

facilities. Five tasks ranging from browsing, searching, citation, and essay task 

were given to 36 students to be carried out on the above three systems for 

searching 1068 articles (4100 journal pages). The 1068 articles are stored 

electronically as ASCII text with manually extracted graphics as bit mapped 
images. Two conclusions were reached: 1). the electronic systems had a large 

advantage over the printed systems for searching and essay tasks; 2). the hyper- 

text system emerges as the best for browsing with the printed book in the middle 

and Pixlook the last. 

The RED SAGE project was a three-year project at University of California, San 

Francisco (UCSF) co-operating with Springer-Verlag New York (Badger & 

Wallace, 1993). The project used an electronic journal system developed by 

AT&T Bell Laboratories, known as RightPages. The first phase of the project 

was underway by February 1993 with the scanning of two Springer journals, 

Journal of Nuclear Medicine and Neuroradiology, using grey-scale software to 

provide more detail for the half-tone images. Every page is scanned and then 

converted to ASCII text. By November 1993, all the radiology journals, starting 
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with the 1993 issues, and all of the molecular biology journals were loaded into 
the RightPages system and available on the UCSF network. Springer-Verlag 

intend to supply SGML tagged journal headers on a regular basis, but also will 
test alternatives, including the supply of two journals as Postscript files 

The RightPages (Story 1992, O'Gorman 1992) system obtains journal tables of 
contents and article pages in image forms. Three "representations" are created 
for each page: the bitmap image of the page, the text content (by OCR), and the 
location information for the text and logical fields. Based on the layout analysis 

of the location information, hyper-links can be set up. The user interface displays 

an array of periodical covers on the screen, similar to the display of periodicals in 

a library. The user follows a hierarchical route through the database, starting the 

process by pointing and clicking on a cover to view the issues. After selecting an 
issue, the table of contents is displayed. From the contents page, users can click 

on the article entry to view the full text of the article. Journal issues can also be 

browsed page by page and articles printed on demand on local laser printers. The 

system also alerts users to the appearance of new material in specified subject 

areas, and users can also create a personal interest profile of journal names and 
keywords, which are matched against the contents of incoming journals. 

The ELINOR (Electronic Library INformation Online Retrieval) electronic 

library project, initiated by De Montfort University and jointly funded by the 

British Library and IBM UK Scientific Centre, is a research project started in 

March 1992 (Collier 1993a, Collier 1993, Ramsden 1993, Ramsden et al 1993, 

Arnold 1994, Zhao 1994, Zhao & Ramsden 1995). The ultimate objective of the 

project is to build an electronic library (or digital library, or virtual library) 

system containing a large collection of the full contents of high use materials 

including books, journals, course materials, and multimedia learning packages, 

which can be directly accessed by students and staff via Windows-based PCs and 

workstations. 

A pilot electronic library system was implemented during the pilot phase of 
ELINOR, which ended in June 1994, to experiment with the various aspects of 
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the electronic libraries. The core of the pilot system is a commercial document 
image processing and free text retrieval system Excalibur EFS. A usage statistics 
collection and management system missing from EFS was then developed in- 

house. The pilot system has been in operation since October 1993. The pilot 
demonstrated the feasibility of collecting electronic documents for one 

undergraduate course, BA/BSc Business Information Systems (BIS), and the 
benefits of document image processing (DIP) techniques in a client server 

environment. The pilot system meets many of the criteria for a new and improved 

reader service: immediate access to scanned resources, shared access to 

documents, keyword searching and browsing, notes, multiple pages on screen 

and printing. The main features of the ELINOR system are listed in Appendix I 

for ease of reference. 

ELNET (King 1992) is a Japanese-language database of images and full text 

articles compiled from 37 newspapers and 143 magazines. By the end of 1992, 

there were over 2,500,000 articles on-line with some 2000 subscribers. The 

ELNET provides a retrieval and fax service which operates in two stages. In the 

first stage, bibliographic information about the articles may be searched on-line 

using a PC on the ELNET main database. Next, the text of the article stored on 
large optical discs can be ordered immediately during the search session, and 

automatically sent by fax afterwards, when the output from the search has been 

assessed for relevance. Two regular services are also provided. One is an EL 

morning service which extracts articles matching the keywords of the subscribes 

and automatically sent them to the subscribers between 7: 00AM and 10: 00AM. 

Another is the selective dissemination of information service. The users select the 
keywords for information on a continuing basis. 

ELNET has two user interfaces. One is a command based interface; the other is a 

menu driven user interface. The database is indexed using keywords instead of 
full text. Search terms are selected by hand and keyed into the system. The data 

model clearly falls into the black-box model with the ability of browsing the 

index. The charging mechanism is based on four factors. There is an initial 

charge of about $214 US Dollars, a minimum monthly charge of $500, a material 
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usage charge depending on the items requested and subjects, and the actual 

communication line charge. 

The libraries of the Royal Melbourne Institute of Technology, Australia operate 

electronic information services, known collectively as the RMIT Telelibrary, 

which is comprised of local collections of documents in electronic form and 

gateways to other electronic information sources (Schauder 1991,1993). The 

Unix-based TITAN-KODAK document image processing system was developed 

in 1991 as part of the ILIAD Project, a joint R&D project between RMIT 

Libraries, the Collaborative Information Technology Research Institute, Kodak 

Australia and Telecom Australia. The system demonstrates scanning, storage 

and retrieval of specialist research materials on toxicology, aerospace design and 
finance via local area networks. An Optix document imaging system was also 

used by RMIT Libraries and the RMIT Centre for Design operates on a 
Macintosh platform. Bureau scanning by the Australian Securities Commission 

Information Processing Centre using the large scale ASC DIP system serves as a 
back-up to the RMIT Telelibrary's local document scanning facilities. The 

scanned documents held in the image databases are either copyright to RMIT, in 

the public domain, or specifically licensed by agreement with the copyright 
holder. 

There are also many other interesting electronic library projects experimenting 

with different collections or different aspects of the electronic library systems. 
The ELISE(Electronic Library Image Service for Europe) project is spearheading 

research into shared access to colour images held in libraries in the European 

Union (ELISE 1996). The ELSA (Electronic Library SGML Applications) is to 
develop a prototype system for handling electronically published documents in 

SGML delivered via the wide area networks (ELSA 1996). The SuperJournal 

project, involving nine leading journal publishers (Penfold 1994), is a 
demonstrator project investigating electronic publishing throughout SuperJanet, a 
high-speed wide area network in the UK. The MusicalScores Multimedia 

Prototype project (Barker 1993) is evaluating digital imaging and multimedia 
technologies for the presentation of instructional and research materials. 
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2.2 Electronic library research in computer science 
departments 

Meanwhile, computer scientists were experimenting with networked information 

discovery tools. Unlike the library initiated projects, those experiments are 

primarily concerned with building tools for accessing networked information 

which is usually produced by computers directly rather than captured from 

printed form documents. Three very important tools, the WAIS, GOPHER, and 

WWW emerged in the later 80s. 

WAIS (Wide Area Information Service) was originally developed by Thinking 

Machines (Lincoln 1993). The current release of public domain WAIS is called 

FreeWAIS and is developed by CNIDR (Clearinghouse for Networked 

Information Discovery and Retrieval). There were over 500 servers in operation 

world wide in 1994 (Wais Faq 1994). WAIS client applications are able to 

retrieve text or multimedia documents stored on the WAIS servers. The WAIS 

client gets documents from the server by issuing searching queries. The servers, 

on receiving the searching requests, search a full text index for the documents 

and return a hit list of document titles(or the document itself) which satisfy the 

search queries. The client may then request the server to send a copy of any of 

the documents found. WAIS uses the Z39.50 query protocol to communicate 

between clients and servers. 
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GOPHER(GOPHER guide 1994; GOPHER home 1994) is a distributed 

information delivery system around which a world/campus-wide information 

system (CWIS) can readily be constructed. GOPHER was originally developed 

in 1991 by the University of Minnesota and has since grown into a full-fledged 

World Wide Information System used by a large number of sites in the world. 
GOPHER presents information to its users through hierarchical menus. Users 

select a menu item and go down to the next level of menu until the required 
document is reached. Keyword searching on menu items is also supported. 

WWW (World Wide Web) was initiated and developed by CERN (the European 

Laboratory for Particle Physics) (Berners-Lee 1993). To access the web, a user 

runs a WWW browser program (the WWW client). The browser accesses 
documents on the WWW servers through the HTTP (hypertext transfer protocol) 

protocol. The browsers can, in addition, access files through FTP, NNTP (the 

Internet news protocol), GOPHER and several other protocols. On top of these, if 

the server has search capabilities, the browsers will permit searches of documents 

on databases. The documents that the browsers display are hypertext documents 

in a format called HTML(HyperText Markup Language). WWW uses a scheme 

called the "Universal Resource Locator" (URL) to locate documents or graphics 

on the Internet. 

A large amount of on-line public domain materials is mounted on the Internet 

and can be accessed through Web, WAIS, or GOPHER. The Web is now by far 

the largest of the three applications. The Web has jumped from the 28th largest 

application on the Internet from April 1993 to number one in April 1995 

(NFSNET Statistics 1996). The Web is itself a virtual library distributed over 

many servers and linked by hyper links. The Association of Research Librarians 

has announced a list of more than 400 Web virtual libraries (ARL 1995). There 

are also many on-line news letters and journals on the Internet (ED 1994). The 

Scout Report, for example, is a weekly publication offered by InterNIC 

Information Services to the US research and education community and others via 

e-mail, gopher, and Web (Internic 1994). 
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Several commercial companies are now providing electronic library services 
through the Web. Infonautics Corporation, for example, has put on-line a 
database consisting of some 150 full-text newspapers, 800 full-text magazines, 

two international newswires, two thousand classic books, hundreds of maps, 28 

thousand photographs, as well as major works of literature and art. The 

subscription fee is 9 US dollars per month (INFONAUTICS 1996). 

2.3 Government initiatives 
In 1993, in the USA, NSF (National Science Foundation), ARPA(Advanced 

Research Projects Agency) and NASA (National Aeronautics and Space 

Administration) announced a $24.4 million joint initiative for research on digital 

libraries to fund advanced research and technology development by teams from 

universities, industries and other organizations. The initiative attracted the 

attentions of researchers from various fields and established the position of 

digital library research. The focus of the four year joint initiative is to 

dramatically advance the means to collect, store, and organize information in 

digital forms, and make it available for searching, retrieval and processing via 

communication networks--all in user-friendly ways. Each effort brings together 

researchers and users from the local university with those from other 

organizations including other academic institutions, libraries, museums, 

publishers, government laboratories, state agencies, secondary schools, and 

computer and communications companies. Six awards were made in 1994 to 

Carnegie Mellon University, the University of California at Berkeley, the 

University of Michigan, the University of Illinois, the University of California at 
Santa Barbara and Stanford University (NFS 1995). 

Source information targeted by the joint initiative takes many forms --text, 

numerical data, visual images and symbols, sounds and spoken words and video 

clips. It is stored and recorded on numerous types of media -- paper, film, and 
high capacity magnetic and optical storage. The content may include reference 

materials, scholarly journals, satellite mapping images, video archives, 
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environmental data and instructional materials of all types. The information 

sources may reside physically at hundreds of thousands of geographically remote 
locations. When stored in digital form, organized and connected through an 

electronic network, the information resources become the ingredients of a digital 

library, available to users from around the country and the world. 

The Higher Education Funding Councils in the UK initiated a £15 million 

electronic library programme called eLib (FIGIT 1995) in 1995. The programme 

will transform the use and storage of knowledge in higher education institute. 

The programme is to address problems recognized in the 1993 Follett report (JFC 

1993) of the Joint Funding Councils' Libraries Review Group chaired by 

Professor Sir B Follett. The projects, 31 in total, are focusing on the area of on 

demand publishing, electronic journals, document delivery, and training and 

awareness. 

The European Union's "research and development in the libraries sector of the 

Telematics Programme" (Telematics for Libraries 1996) aims to facilitate access 

to the wealth of knowledge held in libraries throughout the European Union, 

while reducing disparities between national systems and practice. There are 72 

projects under the programme covering the area of networking (OSI, WWW), 

cataloguing (OPACs), resource discovery, imaging, multimedia (CD-ROM), 

distance learning, standards and copyright. The ELISE and ELSA projects 

mentioned in the earlier section are both funded by this program. 

With the help of government and funding bodies, there has been a steady 

increase in the activities of electronic library research in the last few years. This 

can be seen by the increase in research conferences. In 1993, the first annual 

international conference on electronic libraries, ELVIRA, was held in the UK. 

Two more annual international electronic library conferences, the Digital Library 

Conference and the Advances in Digital Libraries Conference were held in 1994 

in the states. By 1996 there will be more than 6 major annual international 

conferences on electronic libraries including the one held in Japan and one by 

ACM (Digital Library 1994, Adam 1995),. 
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We discuss in the next few sections many of the on going government funded 

electronic library projects. Those projects are clearly more coordinated than the 

early projects. 

2.3.1 Projects under NSF-ARPA-NASA Initiative 

The NSF-ARPA-NASA Initiative awarded six universities (NFS 1995). The 

focus of the initiative is to dramatically advance the means to collect, store, and 

organize information in digital forms, and make it available for searching, 

retrieval and processing via communication networks--all in user-friendly ways. 
The projects are: 

Carnegie Mellon University: The Informedia interactive on-line digital video 
library system is to enable users to access, explore and retrieve science and 

mathematics materials from video archives. The Informedia system works by 

integrating speech, image and natural language understanding technologies. The 

library will initially contain 1,000 hours of video from the archives of public 

television station WQED/Pittsburgh, Electronic Field Trips on video from the 

Fairfax Co., Va., public school system and video course material produced by the 

BBC for the Open University in the UK. Issues involving human-computer 

interaction, pricing and charging for digital video use, and privacy and security 

will be addressed as part of the research program. Industrial partners and 

collaborators include Microsoft Corporation, Digital Equipment Corporation, 

Bell Atlantic Network Services, QED Communications, Open University, 

Winchester Thurston School and Fairfax Va. County Public Schools. 

University of California, Berkeley: This project will produce a prototype digital 

library with a focus on environmental information. The library will collect 

diverse information about the environment to be used for the preparation and 

evaluation of environmental data, impact reports and related materials. The 

research prototype is intended for eventual full-scale deployment in the State of 
California's CERES production systems. To create the prototype, researchers will 
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need to produce technologies which allow untrained users to contribute to and 
find relevant information in other world-wide digital library systems. Research 

areas include automated indexing, intelligent retrieval and search processes; data 

base technology to support digital library applications; new approaches to 

document analysis; and, data compression and communication tools for remote 
browsing. Partners and collaborators in the project include Xerox Corporation, 

Resources Agency of California, California State Library, Sonoma County 

Library, San Diego Association of Governments, The Plumas Corporation, 

Shasta County Office of Education, Hewlett Packard. 

University of Michigan: This project will conduct coordinated research and 

development to create, operate, use and evaluate a testbed of a large-scale, 

continually evolving multimedia digital library. The content focus of the library 

will be earth and space sciences. Potentially connecting thousands of users and 

information repositories, the library system will be designed to meet the needs 

for systemizing the vast amount of information on an array of topics available on 

the Internet. A critical component of the project is the testing and evaluation of 

the prototype system by a wide variety of users, including those from on-campus, 

local high schools and public libraries. Commercial sponsors including IBM, 

Elsevier Science, Apple Computer, Bellcore, UMI International, McGraw-Hill, 

Encyclopaedia Britannica Educational Corporation, and Kodak. 

University of California, Santa Barbara: Project Alexandria will develop a 

digital library providing easy access to large and diverse collections of maps, 

images and pictorial materials as well as a full range of new electronic library 

services. The project is centered at the University of California, Santa Barbara, 

with its major collections of maps and images and its strong research focus in the 

area of spatially-indexed information. It also involves the State University of 

New York at Buffalo (SUNY-Buffalo), the University of Maine and several 

industrial partners. The project will begin with collections of digitized maps, 
images and airphotos relating to Santa Barbara, Ventura and Los Angeles 

counties using software developed for geographical information systems. Over 
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four years, the project will grow to include other components at UCSB, SUNY- 

Buffalo, Library of Congress, the United States Geological Survey and the St. 

Louis Public Library, as well as other interested libraries. Each site will include, 

as necessary, facilities for geographical information interfaces, electronic 

catalogues, and information storage and acquisition. 

Stanford University: The Stanford Integrated Digital Library Project will 
develop the enabling technologies for a single, integrated "virtual" library that 

will provide uniform access to the large number of emerging networked 

information sources and collections--both on-line versions of pre-existing works 

and new works that will become available in the future. The Integrated Digital 

Library will create a shared environment that links everything from personal 

information collections, to collections found today in conventional libraries, to 

large data collections shared by scientists. The research thrusts of the project 

include: information sharing and communication models; client information 

interfaces; and information finding services. Participating organizations include: 

Dialog Information Services (DIS), HP Labs (HP), NASA/Ames Research 

Center (NASA/ARC), Association for Computing Machinery (ACM), 

Interconnect Technologies Corp (ITC), Enterprise Integration Technologies 

(EIT), Bellcore, Interval, O'Reilly, WAIS Inc. and Xerox Corporation. 

University of Illinois: This project is based on the new Grainger Engineering 

Library Information Center at the University of Illinois in Urbana-Champaign 

and will be centered around journals and magazines in the engineering and 

science literature. The testbed will include a customized version of NCSA 

Mosaic (TM), software developed at the National Center for Supercomputing 

Applications under NSF and ARPA sponsorship to help users navigate the World 

Wide Web. This test-bed will become a production facility of the University 

Library with thousands of documents and tens of thousands of users across the 

University of Illinois and other Big Ten universities. Research will encompass 

sociological evaluation of the test-bed, technological development of semantic 

retrieval, and prototype design of future scaleable information systems (the 

Interspace). Partners in the project include the National Center for 
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Supercomputing Applications (NCSA), University of Arizona, Corporation for 
National Research Initiatives (CNRI), Institute of Electrical and Electronic 

Engineers (IEEE), American Institute of Aeronautics and Astronautics (AIAA), 
American Physical Society, Institute of Physics, John Wiley & Sons, and U. S. 
News and World Report. Industrial partners include: United Technologies, 

Soflquad, BRS/Dataware and Spyglass. 

2.3.2 The FIGIT Electronic Libraries Programme (eLib) 
FIGIT eLib program (FIGIT 1995) consists of 31 projects focused on electronic 
document delivery, electronic journals, training and awareness, on-demand 

publishing, and access to network resources. As at the time of writing, most 

projects are about to start or just started. The electronic document delivery 

projects are to experiment with the delivery of different types of electronic 
documents within the higher education sector in the UK. The training and 

awareness projects are to build the necessary information networking skills both 

for libraries and end users. Electronic journals have the largest number of 

projects, I1 in total. These projects are experimenting with electronic journals in 

different application areas. The on-demand publishing projects are focused on 
delivering electronic documents to the students and at the same time protecting 

the copyright of the authors and publishers. Finally the access to network 

resources projects are building various information servers for accessing 

informations in different application areas. A brief discussion of all the phase 1 

projects are listed in appendix II. 

2.4 Summary 
Both libraries and computer science departments are pushing for electronic 

libraries from different directions. The "electronic library" is now an umbrella 

under which a wide range of research activities are taking place. We briefly 

overviewed three major research initiatives, the NSF-APRA-NASA initiative in 

the US, the FIGIT eLib program in the UK, and the European Union's 

TELEMATICS for Libraries. On going activities in this field are also 
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highlighted. We must stress that projects mentioned in this chapter are by no 
means inclusive. There is a large number of similar or related projects which this 

chapter did not cover. 

In the next chapter, we will review approaches and methods used in information 

systems design and modelling and look for methodologies for the design and 
implementation of electronic libraries. 
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3. A Review of Information System Design 
and Modelling 

We review in this chapter the various methodologies and approaches 

taken in information systems development with the view of applying some 

of them to the development of electronic libraries. This chapter focuses 

on the general design strategies and conceptual modelling of information 

systems. 

3.1 Information and information systems 
Information: We receive, think about, organise, and transfer information every 
day. But what is information? Hayes (1993) defines information to be that 

property of data which represents and measures effects of the processing of them. 

We can see two points in this definition. First, data is not information but is used 

to represent or record information. Second, information is the result of data 

processing which can be data transfer, data selection, data analysis, or data 

reduction. When we read news (data or message), we are receiving information 

contained in it; when we pass the news to a friend, we are transferring 

information. To measure information (i. e. , the effects of data) both the 

information sources and the recipients must be involved. Let us use the radio 

news (the information source) and people (the recipient) as an example. It is 

apparent that different news (information sources) have different effects on the 

same person. It is also apparent that the same news (same information source) 

can have very different effects on different persons. If a person can predict or had 

known the news, it contains little information for that person. Shannon's 

information measurement, although originated in communication theory, is 

generally applicable to information processing (Stoer 1988). 

Information is buried in data such as files, records, or documents in a computer 

system. In a information retrieval system, the primary data are documents. The 

users seek information by retrieving the documents which contain the pertinent 
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information the users need. Information retrieval is thus really document retrieval 

and document is traditionally regarded as the synonym for information in 

information retrieval (Rijsbergen 1979). 

System: The term system is very often used to refer to any self-contained 

collection of real world or abstract entities (Wright 1979). More formally, a 

system is a collection of subsystems and parts which act as a whole towards a 

common goal. The components of the system, subsystems and parts, interact 

between themselves and interact with the environment in which the system lives. 

Interactions between system components can be tightly coupled which leads to 

strong dependencies between components, or loosely coupled which usually 

means lower efficiency (Layzell 1984). 

Information system: Information systems have historically been approached 

from the angle of organisational management which assumes that all elements of 

importance in an organisation can be mapped on to a recording system, from 

which information can be extracted, and from which decisions can be made. An 

information system can also be viewed as a system which captures, stores, 

processes, manages, and delivers information of certain universe of discourse. 

The universe of discourse here refers to those parts of the real world which are of 

interest to a specific information system (Verrijn-Stuart 1987). Burt further 

broadly defines an information system as any combination of information sources 

together with any access and/or retrieval mechanisms provided for its 

manipulation or use. The purpose of any information system is to connect a 

human user to an information source relevant to the users current need, with 

expectation that the user will be able to retrieve and internalize that portion of the 

information required to achieve knowledge that will satisfy the need (Burt 1990). 

An electronic library, according to Burt, is an information system which stores 

information for sharing. This type of information system is data intensive with a 

huge amount of less structured data. The end users of the systems access the 

system in real-time but usually only with read permissions. They need to access 

the system quickly but are not allowed to change the shared data. Indexing and 
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searching is essential for this type of information systems. On the other hand, 

there are transaction intensive information systems such as a ticket reservation 

system or a banking system. This type of system is transaction-oriented (a 

transaction causes state changes), process intensive and has a higher requirement 

on security. Most relational database applications fall into this class. 

3.2 Information system development 

3.2.1 The process of information system development 

Developing an information system is the process of mapping the universe of 

discourse on to the computer implementation. We start with an observation of the 

real world, identify objects and their relations, identify events of interest. Next 

we classify, group, and represent the real world entities into conceptual entities 

by applying various modelling techniques. These activities are primarily 

concerned with the application itself and has little to do with the actual systems 

being delivered. Then we design the system based on the previous results. 

Finally we implement the design. We use a diagram similar to that used by 

Layzell (1989) to show the above process. The activities of development are 

grouped into four realms as is shown in Figure 2. 
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Figure 2 Information System Development 

Information system development has been one of the major concerns in software 

engineering which takes an engineering view of developing software. There are 
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two basic approaches to information system development in software 

engineering. One is the life cycle approach which divides design activities into 

several inter-related stages -- the requirement specification stage, the design 

stage, the implementation and testing stage, and the maintenance stage. The other 
is the prototyping approach which uses a rough, simple but working model of the 

actual system being designed as a starting point. The prototype is used both for 

getting end users' feedback on requirements and for the system designers to find 

design and implementation problems. The model is repeatedly refined until it 

meets the user requirements. 

3.2.2 Development methodologies 
There are a large number of development methods in the literature. For example, 
SSADM (Structured System Analysis and Design Method) is the de facto 

standard which emerged in the 80s with the help of government sponsorship in 

the UK for system development, and MERISE is the most widely used method in 

France and has also received government sponsorship (Flaynn 1993). 

Loucopoulos (Loucopoulos 1987) uses a six dimensional classification schem to 

classify those information systems development methodologies as is shown in 

Figure 3. Most of the development methods employ some form of modelling 

mechanism (termed modelling orientation in Figure 3) which is usually a 

graphical representation of application domain entities and concepts. 
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Philosophy Modelling Orientation 

Method Classification Scheme 

Coverage Deliverables 

Approach 

Assumptions 

Where: 
" Philosophy :A general statement about basic rationale. 
" Approach :A characterization of its working procedures. 
" Orientation : Modelling mechanisms used by a method to express facts 

gathered about a system. 
" Coverage The extent of the development life cycle. 
" Deliverables : The tangible output of a method. 
" Assumptions : Assumptions about the environment etc. 

Figure 3 Methodology Classification 

3.3 Information system modelling 

3.3.1 What is a model: 
A model, in its broadest sense, is any set of organised assumptions about a 

particular aspect of the world and the way it works (Wright 1979). A model of a 

system is an abstraction or simplification of the system for some particular 

purpose. It retains those components of the system which are essential and 
important and drops those which are irrelevant or unimportant. A model can also 

group similar components and parts. Mathematically, a model is a many to one 

mapping from the system as Figure 4. One system can have many models 

representing different view points and different emphasis. 

Models can be used to explore, communicate, test and predict the behaviour of 

systems. Models are especially useful in the following cases: 

. Testing a physical entity before building it. 

. Communication with customers even when the system is not built yet. 

. Visualization for better understanding by using various diagrams and 
figures. 
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Reduction of complexity by simplifying or dropping the unimportant 

parts of the real system. 

Environment 

SubSyst 

S1 

Mapping Pt 

S2 
SubSys2 

SYSTEM A System Model 

A model of a system is an abstraction(subsysl and parts2 grouped 
together) or simplificationlparts2 iggnored) of the system 

Figure 4 System Model 

3.3.2 Modelling techniques 

Many modelling techniques have been developed and used for information 

system modelling. Several of the most frequently used techniques are briefly 

introduced below: 

Control flow & Data flow 

Flow charts have traditionally been used in modelling the processing of data. 

They use rectangles to represent processing and diamonds to represent decision 

points. A flow chart presents processing in time sequence. The processing or 

procedure represented by a flow chart is thus more about design than analysis. 

A data flow diagram represents the logical relationships among data and its 

processing. Data flow diagrams and data dictionaries are powerful and popular 

process modelling techniques. Although the data flow method also models the 

processing of data, it is more natural and useful than flowcharts in that it really 

helps to understand the relationships between data and its processing. Data are 
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represented as arcs and processing is represented as node in a data flow diagram. 

Figure 5 shows the overall data flow diagram of a simple document inputting & 

indexing subsystem. 

Entity Relationship 

The ER (Entity Relationship) model (Chen 1976, Benyon 1990) is particularly 

useful in data modelling. Although the model itself is grounded in set theory and 

demonstrates a certain mathematical rigour, we are mainly interested in the ideas. 

Generally an ER model represents entities and their relations as nodes and arcs . 
Data are classified into types (or schemes) and each type is represented as an 

entity. The attributes of the data are also represented in the diagram. Figure 6 

shows a simple example of the ER model of the reader and documents. 

1MM1 E 
eader read document 

4name, .. > -'name, dname> name, > 

Figure 6 ER Model Example 

Layered modelling 
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Information systems can be thought of as consisting of several layers. The top 
layer is the cover which is also what the users see, i. e., the user interfaces. The 
bottom or lowest layer is the hardware platform on which every other layers of 
the system are based. Each immediate lower layers provide the functions and 
supports to implement the layers immediately up it. Two typical examples are the 
ISO OSI seven-layered architecture (Henshall 1990) and the Dexter hypertext 

three-layered model for hypermedia systems (Halasz 1994). 

Object-oriented modelling 

Object-Oriented modelling originates from the powerful object-oriented 

programming paradigm (Rumbaugh 1991). It models a situation in terms of a 

collection of interacting entities or objects, each of which provides a well-defined 

set of behaviours and attributes (Rubin 1992). Object-oriented modelling is 

natural to use, general and powerful enough to suit most situations, and well 
integrated with object-oriented implementation. Most modelling techniques in 

ER modelling can be directly used in object-oriented modelling. 

An object in object-oriented modelling is a concept, abstraction, or thing with 

crisp boundaries and meaning for the problem at hand. All objects have identity 

and are distinguishable. The term identity means that objects are distinguishable 

by their inherent existence and not by descriptive properties that they may have. 

Sometimes object means a single thing, other times it refers to a group of similar 
things. When it is used to refer to exactly one thing, we use the term object 
instance. When it refers to a group of things we use object class. An object class 
describes a group of objects with similar properties, common behaviour, common 

relationship to other objects, and common semantics. Objects serve two 

purposes: They promote understanding of the real world and provide a practical 
basis for computer implementation (Rumbaugh 1991). 

An attribute is a property or a variable held by the objects in a class. In 

relational database context, an attribute is a function which maps from an object 

class into a domain and is a discrete, property, quantity, or quality of an object 
(Firesmith 1993). In object-oriented analysis and some semantic data models, an 
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attribute is simply a variable and can be a complex data type. An attribute does 

not have identity. Examples of objects are persons with attributes name, sex, and 

age. A person is distinguishable from any other persons in the universe (identity) 

while its attribute "sex" is not, because all occurrences of "male" are 
indistinguishable. 

Object and object class defined above are also referred to as entity and entity set 
in relational database systems and conceptual modelling (Henry and Silberschatz 

1991). 

3.3.3 Good models 
Modelling, however, is closely related to the knowledge structures and the 

preferences of the person who derives the model. Bias is unavoidable. Two 

persons with the same modelling objective can reach quite different models of 

the same system. Even the same person can derive a different model for the same 

system at different stages of modelling. Models change with people and time. 

Is there a way to judge whether a model is good or not? Martin (1985) listed 

some guideline features a good model should have including: 

. be an aid to clear thinking 

. be capable of manipulation on a graphical screen 

. be readable by end-users 

. provide a good basis for communication 

. be able to be drawn on ordinary paper 

. be capable of subdivision 

. have a constant notation 

We can see that graphical representation and ease of understanding are the most 

important features of a good model. A good model can simplify the system and 

ease the communications between users and the developers. With complex 

systems such as the electronic library, many models will need to be set up at 
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different stages of development. Which model to set up and how to maintain 

consistency between models will have to be considered within the application 

context. 

3.3.4 Conceptual modelling 

The conceptual model represents abstractions, assumptions and constraints about 

an application and its environment, and represents the user's conceptualization of 
the application. Conceptual modelling is within the conceptual realm as is shown 
in Figure 2 and concentrates on the semantics of the application rather then the 

characteristics of the delivered system. This allows the developers to separate 
implementation details from application logic so that the application and its 

requirements can be fully understood and analysed. 

Conceptual modelling involves user modelling, data modelling, and process 

modelling. User modelling models the behaviour of users of a system. Data 

modelling models the information components and the inherent relationship 

among those components. Process modelling models the processing of data. 

3.3.4.1 User modelling 

The term user model has been used in several different ways. McTear (1993) 

noticed three common uses of the term "user modelling". For software designers, 

"user model" usually refers to the designer's model of the users of the system, 

either in fairly broad terms, such as their expectation of proficiency, or more 

specifically in terms of the models users may have of the system and the 

procedures involved when interacting with the system. In HCI, "user model" is 

usually concerned with the user's cognitive style and personality factors. The 

emphasis is on providing a dialogue adapted to the requirements of the user and 

to the particular task which the user is currently engaged in. In Artificial 

Intelligence, the main concern is developing adaptive systems which can 

automatically construct a model of a user as they interact with the system so that 

the characteristics of users, such as their goal and attitude, can be obtained. 
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3.3.4.2 Data modelling 
Data modelling(or conceptual data modelling) is concerned with the activity of 
understanding, analyzing and documenting data which is a major component of 
any organisation and information system. Classification of data into classes (or 
types) has been always the major data modelling method. The emergence of the 

relational data model in the earlier 70's and the use of the ER model (Chen 

1976), are the key milestones in the field of data modelling. 

The most popular and frequently used data modelling technique is the ER model 
mentioned in the earlier section. 

3.3.4.3 Process modelling 

Events and processes are everyday phenomena. They are dynamic and time 
dependent entities in that a process may have a different status at different times. 
Process modelling is to abstract and specify the major activities and 

characteristics of the real world or system processes. It is primarily used to 

produce specifications of what happens within the system during system 

requirement analysis. Flow chart and data flow diagrams are often used in 

process modelling. 

3.3.5 Functional modelling 
A functional model of a system is an abstract system that is functionally 

equivalent to the original system. Functional modelling happens in the design 

realm. ISO and CCITT have been using functional models to separate system 
functions from implementations. The ISO OSI (Open System Interconnection, 

ISO 7498) Reference Model (Henshall & Shaw 1990) is a conceptual framework 

for interconnecting computers of different makes. It is so important that books on 

computer networking never fail to mention it. In order to specify the external 
behaviours of an open system, each real open system is replaced with a 
functionally equivalent "abstract" open system. To the interconnected open 

systems, only the external behaviour of the "abstract" open system is desired. The 
internals or implementations of the open systems are left open which enables 
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virtually any open system to interconnect. CCITT X400 and X500(ISO 10021 

and ISO 9594) also use functional models to define abstract Message Handling 

and Directory systems. The X400 Message Handling System was modelled by 

functionally well defined "abstract" agents which handle messages. And the 
X500 Directory System uses an "abstract" directory with its external behaviour 

well defined. 

The functional model of an information system is an abstract representation of its 

implementation, usually presented in block diagrams, with blocks representing 

components and arcs representing relations. The Mercury electronic library has a 

six-engine architecture including a searching engine, authentication engine, 

delivery subsystem, request subsystem, inputting subsystem, and financing 

subsystem (Cranfield 1993). The electronic library model proposed by 

Tomlinson (1994) is just a rough functional model for his electronic library. 

3.3.6 Electronic library modelling 
An electronic library is a complex information system involving users, librarians, 

publishers, and computing people. Modelling approaches will be needed in order 

to develop an electronic library system. Figure 7 shows a modelling structure 

similar to that of Figure 2. 

In the conceptual realm, we have a user model which represents user 

requirements and behaviour, a data model which represents the information 

structure of the electronic library and a process model which models the 

processing of information. In the design realm, we need functional modelling. 

We need to identify and propose functional components and specify their 

functions. The specification is abstract and implementation independent. Finally, 

in the implementation realm, we allocate functions in the functional model into 

software modules. 
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Conceptual Realm 

User Model Data Model Process Model 

Design Realm Functional Model 

Implementation Realm 
Implementation 

Figure 7 Electronic Library Modelling 

3.4 Summary 
Development of information systems can be viewed as conceptually mapping 
from the real world realm into computer implementations. Conceptual modelling, 

which focuses on the application itself, is often used during the analysis and 
design stage. Various modelling methodologies exist and fit different 

applications and different situations. 

Some of the modelling approaches, such as the conceptual modelling, can be 

applied to the development of electronic libraries. Electronic libraries can be 

conceptualized, abstracted and simplified by modelling the users, the data, and 
the processes. 
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4. A Review of Information Retrieval 
Systems 

At the heart of the digital library is the information retrieval subsystem 

which allows information to be searched and browsed. People often call 
this part the searching engine. We review in this chapter the information 

retrieval (IR) issues in the digital library context, the mechanisms inside 

the IR systems and the criteria for evaluating them. We will also relates 
IR researches with the CoBroSe approach developed in this research. 

4.1 Information retrieval issues in the digital library 
context 

As discussed in the previous chapter, information systems can be classified into 

information processing systems and information sharing systems. The former are 
transaction oriented and are concerned with more structured data. Relational 

database applications mostly fall into this class. Information retrieval systems 
belong to the later and are concerned with the sharing of less structured 
information. Partial matching, instead of exact matching, is often used in 

information retrieval systems. 

The goal of an information retrieval system is for the users to obtain information 

from the knowledge sources which help them in problem management (Belkin 

and Croft 1992). Traditionally, an information retrieval system was mainly 

concerned with bibliographical data which typically contains citation information 

(Kantor 1994). Because the main task of the retrieval system is to find 

documents, Rijsbergen (1979) also regards it as a "document retrieval system" 

which has many special characteristics different from record retrieval systems, 

such as incomplete query specification and partial matching. 
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Traditional information retrieval can be subdivided into three main subject areas: 
content analysis, information structure, and evaluation (Rijsbergen 1979). 
Content analysis is concerned with describing the contents of the documents in a 
form suitable for computer processing; information structure is concerned with 
exploring relationships between documents to improve the efficiency and 

effectiveness of retrieval strategies; and evaluation is concerned with the 

measurement of the efficiency and effectiveness of retrieval. 

The central task of content analysis is to determine the so-called "index terms", 

or simply "terms". Index terms are words or phrases which have the ability to 
discriminate contents for retrieval purposes. Very frequently-used words such as 
"this" and "in", commonly known as stop words, are used virtually in all 
documents and have no discriminating power. Very seldom used words may not 
be significant words and have no discrimination power either. It is the words with 

a certain occurrence frequency that have the discriminating power. 

Information structure concerns the logical and physical organization of terms 

and documents. The purpose of structuring information is to efficiently support 

retrieval which maps a user query expressed as terms into documents. Various 

inverted files can be used for rapidly accessing the concepts and documents. 

Evaluation of an information retrieval system is based on the measurement of 

efficiency and effectiveness. Efficiency is usually measured in terms of the 

computer resources used such as CPU time or storage. Effectiveness is usually 

measured in terms of precision and recall. Precision is the ratio of the number of 

relevant documents retrieved to the total number of documents retrieved. Recall 

is the ratio of the number of relevant documents retrieved to the total number of 

relevant documents (both retrieved and not retrieved). 

With the arrival of digital libraries and the Internet/Intranet technology, there is 

an enormous increasing need for better techniques to access on-line information. 

The emergence of the digital libraries is both an opportunity and a challenge for 

IR. Digital libraries provide unique opportunities as testbeds for evaluating and 

stimulating IR research, but priorities that digital libraries require are not 
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necessarily the same as those of traditional IR research. In a recent paper 
summarizing the experience of the National Science Foundation (NSF) Center 
for Intelligent Information Retrieval (CIIR) in the area of industrial and 
government research priorities, Croft (1995) lists ten important IR issues from 
the point of view of providing real information services such as the digital 
libraries. They are discussed in the DL context below: 

1). Integrated Solutions 

A text retrieval system is a tool that can be used to solve part of an organization's 
information management problems. It is not often, however, the complete 
solution. Typically, a complete solution requires other text-based tools such as 
routing and extraction, tools for handling multimedia and scanned documents 

such as OCR, a database management system for structured data, and workflow 
or other groupware systems for managing documents and their use in the 

organization. Currently, these systems must be integrated using customized 

software, and even then the integration is often very superficial. Several earlier 
digital library projects, such as MERCURY (1992) and ELINOR (Ramsden et al 
1993), also ranked "integration" as the first priority for the digital libraries. 

2). Distributed IR 

Computer networks allow a vast amount of foreign information (not locally 

organised) to be shared. But they also bring problems not met in traditional 

information retrieval. In a networked environment, information including both 

data and index, tends to be distributed over many physical locations. This causes 

several problems not seen in traditional information retrieval. A major problem is 

the instability of distributed servers. Servers may go down, a network may be 

unreachable, or the data on a remote server may be removed. A typical sign of 
this is "URL unreachable" when a user hits on a Web search hitlist. Ellman 

(1996) identified four problems related to distributed searching on the Internet -- 
index omniscience, information burial, unstable queries, and non-uniform 
information density. Index omniscience identifies the impossibility of building a 

complete global index. Information burial describes the situation where it is 
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impossible to retrieve all information on the Internet. Unstable query refers to the 

situation in which users with different background have different perceptions and 
conventions in posing queries. Finally, non-uniform information density 

identifies the situation where some sites contain a lot of information while some 
others contain very little 

Another general problem is locating the best databases to search in a distributed 

environment that may contain hundreds or even thousands of databases, and 

merging the results that come back from the distributed search. The results must 
be merged in order to produce the overall ranking of retrieved items, instead of a 

collection of individual rankings. The difficulty of doing this effectively comes 
from the fact that the individual rankings may be incompatible in the sense that 

the numbers used to produce these rankings may not be directly comparable (they 

may even come from different IR systems). 

The current approach towards distributed information retrieval on the Web is a 

mixture. From the users' point of view, Web information can be accessed in three 

ways -- following a hyper-link, doing a search, or using a classification scheme 

such as YAHOO (1996). Both existing searching engines and specially designed 

robot-based engines can be used for Web searching. Virtually all existing 

searching engines, such as WAIS (Lincoln 1993) and EFS used in ELINOR, can 

be used as Web searching engines through CGI gateways (Hoohoo 1996). 

Various robot-based engines, such as the WEBCRAWLER (1996) which walks 

through the Web links and tries to index the whole Web, have also been built. 

InfoSeek (1996) and Excite (1996) are two of the most popular Web searching 

sites which index millions of Web documents. 

However, the Web uses the HTTP protocol which is stateless and was not 

designed for information retrieval purpose. The Z39.550 protocol is a standard 

protocol specially designed for information retrieval. It specifies the various 

procedures for retrieving information on a remote host such as setting up a 

connection to a text database, posing queries, and getting the search results. 

Because the protocol considers the special requirement of information retrieval, it 

49 



reduces the network traffic and is more efficient than using the HTTP protocol. 
The current version of Z39.50 is version 3 (Z3950 1996). 

3). Efficient, Flexible Indexing and Retrieval. 

Many different aspects of a system can have an impact on efficiency, and metrics 
such as query response time and indexing speed are major concerns of virtually 
every company involved with text-based systems. In the past, efficiency was a 
secondary issue in much of the IR literature. This has changed with the increased 

accessibility of large, full-text databases and new algorithms designed to increase 
indexing and query speed are published regularly. Web-based systems, such as 
Infoseek, have particularly strict efficiency requirements since they must deal 

with thousands of queries per day. The other aspect of indexing that is 

considered very important is the capability of handling a wide variety of 
document formats. This includes both standards such as SGML, HTML, Acrobat, 

and WordPerfect to name a few, as well as the myriad formats used in text-based 

applications such as medicine, law, commerce, etc. 

4). "Magic" -- query expansion 

One of the major causes of failures in IR systems is vocabulary mismatch. This 

means that the information need is often described using different words than are 
found in relevant documents. According to Croft (1995), techniques that address 
this problem by automatic expansion of the query are often regarded as a form of 
"magic" by users and are viewed as highly desirable. Vocabulary expansion can 

result from transforming the document and query representations, as with Latent 

Semantic Indexing, or it can be done as a form of automatic thesaurus built by 

corpus analysis. Further research in this area will make these techniques more 

reliable and efficient. The CoBroSe approach developed in this research is an 

attempt to make this process more intuitive and interactive. We will discuss this 

in more detail later in this chapter. 

5). Interfaces and Browsing. 
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Effective interfaces for text-based information systems are a high priority for 

users of these systems. The interface is a major part of how a system is evaluated, 
and as the retrieval and routing algorithms become more complex to improve 

recall and precision, more stress is placed on the design of interfaces that make 
the system easy to use and understandable. Interfaces must support a range of 
functions including query formulation, presentation of retrieved information, 

feedback, and browsing. The challenge is present this sophisticated functionality 

in a conceptually simple way. A considerable effort of this research is put on 
improving the CoBroSe interface. 

6). Routing and Filtering 

Information routing, filtering and clipping are all synonyms used to describe the 

process of identifying relevant documents in streams of information such as 

news feeds. Instead of comparing a single query to large numbers of archived 
documents, as is the case for IR, large number of archived profiles are compared 

to individual documents. Documents that match are sent to the users associated 

with the profile. A profile is a representation of a long-term information need and 
is usually more complex than a session-based query. 

7). Effective Retrieval 

The development of effective retrieval techniques has been the core of IR 

research for more than 30 years. Finding text that satisfies a user's information 

need is not simple and suitable ranking techniques are needed. Recall and 

precision are the most frequently mentioned measures for effectiveness. In an 

electronic library environment, effective retrieval is certainly very important, but 

end users must also be considered. A system that performs well on most queries 

but makes it difficult for users to recover from bad mistakes is likely to be 

considered unacceptable. These occasional mistakes have very little impact on 

the average recall/precision measures used in standard IR tests, but considerable 

impact on end users. 
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8)" Multimedia Retrieval 

Multimedia data are represented in the system and presented to the users in a way 
different from pure texts. Traditional information retrieval, which is based purely 
on manipulation of text, is not the ideal solution for retrieving image, sound, or 
graphics. It would be much more useful and easier to find a piece of sound by 

speaking directly to the computer instead of keying in a text describing the 

sound. Multimedia data requires sequencing and synchronization. An animation 
for example, consists of a sequence of events which must be properly timed. This 

means that a document is not just one file or object, but a set of organised 

objects. Storage is going to be a problem too. Image data consume a great deal of 
disk space. Compression and space sharing is important. 

Multimedia indexing and retrieval refers to techniques being developed to access 
image, video and sound databases without text descriptions. The perceived value 

of multimedia information systems is very high and, consequently, industry has a 

considerable interest in the development of these techniques. General solutions to 

multimedia indexing are very difficult and, where they currently exist, tend to be 

of limited utility. An example of this is indexing images by their color 
distribution. This technique can be effectively used in some applications, such as 

retrieving pictures of fabric in specified color shades, but in many other 

applications simply cannot be used. Some progress has been made in multimedia 
indexing for specific applications (for example, retrieval of photographs of 

faces), and in processing language-related multimedia. Examples of language- 

related multimedia include text in images, scanned document images, and 

speech. 

9). Information Extraction 

Information extraction techniques are designed to identify database entities, 

attributes and relationships in full text. For example, for people interested in new 

joint ventures, an information extraction system could identify the names of the 

companies involved, the new company, the products, and the location, all from 

articles coming over a news feed. 
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10). Relevance Feedback 

Most of the relevance feedback experiments reported in the IR literature were 
based on small test collections of abstract-length documents. The central 

problems in relevance feedback are selecting "features" (words, phrases) from 

relevant documents and calculating weights for these features in the context of a 
new query. These problems are substantially more difficult in environments with 
large databases of full-text documents. In addition, people searching databases in 

real applications often use relevance feedback in different ways than anticipated 
by IR researchers. Feedback techniques were developed to improve an initial 

query and assumed that a few relevant documents (all those in the top ten, for 

example) would be provided. 

In addition to Croft's ten important issues, design and evaluation are also very 
important for digital libraries. Since digital libraries are to provide user oriented 
information services, design and evaluation of digital libraries need to be more 

comprehensive than that of traditional IR systems. 

11). Evaluation 

Recall and precision, which have been used exclusively in many IR evaluation 

such as TREC (Harman 1994), are certainly very important measures from the 

point of view of information retrieval research. But as a system to be used by the 

end users to carry out information seeking tasks, several other important 

measures must also be considered. Ease of use, ease of management, graphical 

presentation, good system architecture, and the ability to communicate with 

foreign systems are more important to many users than recall and precision. For 

example, the criteria used in the selection for the ELINOR electronic library 

system ranked integration with imaging functions, GUI, and client/server 

architecture as top priority (Ramsden et al 1993). We list some of the more 

important evaluation criteria for information retrieval systems (ED 1994) below 

in addition to recall and precision: 

GUI: easy to use graphical user interface. 
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Client/server architecture: This architecture offers many advantages (Zhao 1993) 
including multiple access, better performance, and greater robustness. 

Interoperability: Enable the system to run on different hardware platforms and 
networks, enable database on different platform to be migrated. 

Scaleability: the ability to add data, computing resources, and users in a modular 
fashion so that what starts small-scale can end up corporate wide without 
fundamental design change. 

Object linking: the ability to handle images, sound, video and other form of 
documents. 

Fuzzy and natural language searching: allows for partial matching and allows 
using natural language phrases as terms. 

12). Information retrieval system design and modeling 

We reviewed various information system design and modeling approaches in the 
previous chapter. Most of them were proposed and developed for structured 
information for information processing systems and some of them are not 
directly applicable to information retrieval systems. Although the high level 

conceptual modeling approaches, such as the ER-model and object-oriented 

modeling, are still applicable, the lower level modeling approaches, such as 
Codd's relational model which is used for most database systems today, may not 
be applicable to information retrieval systems because of the less structured 
information and the variant length of text. 

Information retrieval systems have their own inherent characteristics -- relatively 
fixed data type, less structured data, and partial matching. The single most 
important type of data for information retrieval systems is "document" which is 

complex and less structured. Documents consist of a variable number of 

components and may have links to other documents. For example, a document 

"letter" would have component "to: " and "from: " while a document "article" 

would have different components. Many documents contain references to other 
documents. 
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In terms of implementation, indexing is the crucial part of any information 

retrieval system. Logically, with or without an index, an information retrieval 
system is still the same because an index only speeds up the looking up of the 
database. In practice, without indexing, an information retrieval system is not 
usable for larger databases because of the speed. A complex sequential search on 
several Giga-bytes of texts can take days without an index on a modern 
computer. 

The most widely used indexing methods are the B-tree and hashing. The 

advantage of a B-tree, or balanced tree, index is that its performance is relatively 
stable. The advantage of hashing is its speed. One difficult issue in hashing is 
defining the hashing functions. Several new mechanisms for hashing have been 

proposed in recent years. For example, Hsiao (1988) and Schweitz (1994) 

Proposed the adaptive hashing approach, and Koushik (1993) used dynamic 
hashing. 

4.2 Information retrieval -- the mechanisms 
Information retrieval is concerned with structuring information to achieve 

effective searching. Structuring can happen in the term domain by using 

associations among terms, or in the document domain by using associations 

among documents, or in the term and document domain by using matching 
functions. Structuring can also happen at a high level by organizing concepts. 

We discussed the major information retrieval issues in the digital library 

environment in the previous section. In this section, we look at the mechanisms 
inside the IR systems and the various techniques used in information retrieval. 

IR models 

Different authors tend to classify information retrieval systems in different ways 
from slightly different views. Belkin and Croft (1992) classifies information 

retrieval systems into three major models according to the matching functions 

the Boolean model, the vector-space model, and the probabilistic model. 

Dominch (1994) classifies information systems into three different models 
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according to the way in which information is represented -- the vector-space 

model, the information logic model in which information is represented as 

sentences, and the neural network model in which information is represented as 

connected neurons. Chiaramella (1992) views information retrieval systems in a 

much more comprehensive way (Wong 1994). Chiramella's model consists of 
the following three components: 

"A model for the documents concerning both the semantics of contents and the 

contextual attributes of documents. 

"A model for the query which includes the same two components as with 

documents but in the context of query language. 

"A matching function that defines the way a query is matched against 

documents. 

The retrieval model of Chiaramella not only considers the matching function but 

also concerns the model of document and query. With more and more documents 

being produced in multimedia and hypermedia form, document models such as 

the Dexter hypertext model (Halasz & Schwartz 1994, Hardman 1994), SGML 

documents (Newcomb et al 1991) and compound documents, are becoming 

more important to information retrieval. We will discuss document models in 

some detail in Chapter 6. 
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Matching functions 

The matching function is an association between the term set and the document 

set. It determines how close a document is similar to a set of query terms. It maps 
a user's query represented as terms into a list of documents (Kentor 1994). Four 

very different matching models are commonly found, the Boolean model, the 

vector-space model, the probabilistic model, and the neural network model. 

Salton's (1975) vector-space model represents each document as a vector with 
every significant word being one component. The similarity of two documents is 

measured by the "distance" between the two vectors representing the two 
documents. The larger the distance the more dissimilar the two documents. A 

query is also represented as a vector. During retrieval, documents with the 

smallest distances from the query are retrieved. The vector model is theoretically 

clean and neat. The SMART system (Buckley, Salton and et al 1995) employs 
the vector model. 

The probabilistic model first proposed by Robertson and Spark-Jones (1976) is 

based on Bayesian theory of conditional probability. In this model, each term is 

given a weight and the score of a document is the sum of the weight of the 

matching terms contained in the document. The weight of a term is defined as: 

w= log ((r+0.5)/(R-r+0.5) / ((n-r+0.5)/(N-n-R+r+0.5)) ) 

where N is the number of indexed terms 

n is the number of documents containing the term 

R is the number of know relevant document 

r is the number of relevant document containing the term 

Croft and Harper (1979) extended it to general situations where some or all of the 

relevance and non-relevance information is not available. We briefly describe 

Croft and Harper's model below: 

Let X=< x1, x2, x3, ... xt > be a document represented as 0/1 vectors. 
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x; =0 or 1 means the absence or presence of the i'th term 

Given a document X, if P(relevant I X) >P (non-relevant I X), we should 
consider X as being more likely relevant. Suppose the distribution of terms is 
independent, Croft and Harper derived the following formula: 

g(X)=Ex; log(P, (1-qj)/(9; (1-P, )) )+Elog((1-P; )/(1-qi)) (1) 

where P; = P(x; =1I relevant) and 

q; = P(x; =1 I non-relevant) 

This formula is the decision rule or weighting function. Clearly, the larger g(X) , 
the more relevant the document. The second term in (1) is a constant if Pi is 
known. The first term of (1) depends on terms contained in the document. 

Systems based on the probabilistic model includes the INQUERY system 
(Broglio, Callan, Croft and et al) and Okapi (Robertson, Walker, Jones and et al 
1994). 

Neural networks are also reported as being used in information retrieval. 
Excalibur EFS, a free text retrieval system from Excalibur, uses neural networks 
in its searching engine (Dowe 1991). 

Organizing documents 

Classification, which is to put similar documents into the same classes so that 

they can be accessed as a group, is widely used in the traditional library. 

Classification of documents is taking advantage of the associations among 
documents. Two types of classification scheme can be used -- syntax 

classification and semantics classification. In syntax classification, we group 

objects of similar syntax together. For example, all books can be grouped into 

one class while magazines should be grouped into a different class since books 

have similar representations. In semantics classification, we group objects 

according to their meaning. For example, all documents describing the subject 
11 war" can be grouped together into a class regardless of whether they are books 

or journals. 
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Syntax classification is also called data typing in computer science. The abstract 
data typing concept introduced in the earlier 80s was later enriched into the 

object-oriented paradigm (Rumbaugh et al 1991). An object class "book", for 

example, can be used to represent all kind of books. The relational data model 
uses schema and tables. A schema in a relational model is virtually a class. Any 
instance of a schema is a table. Figure 8 shows the two commonly used 

classification approaches. 

Typing --- Schema Based 

--- Object-Oriented 

Semantics Classification 

--- Clustering 

--- Subject Classification 

Figure 8 Syntax and Semantics Classification 

Semantic classification, which groups documents according to their semantics, is 

more often used for information retrieval. Subject classification, for example, has 

been use for years for information retrieval purposes in traditional libraries and is 

increasingly used in electronic libraries such as ELINOR and in "gateways" to 

collections of resources, such as the BUBL subject tree, and the eLib projects 

ADAM (Art, Design, Architecture, and Media information gateway), EEVL 

(Edinburgh Engineering Virtual Library) and SOSIG (SOcial Science 

Information Gateway). Their web sites are listed in the reference under the 

projects names. 

Clustering, which groups similar documents together, also belongs to semantic 

classification of documents. Clustering (Rijsbergen 1979) is based on the 

assumption that documents are "related" and related documents should be put 

together so that they can be retrieved together. The idea is similar to the 
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classification scheme used in a traditional library catalogue and it results in a 
clustering hierarchy. 

A similarity function is needed to determine how "related" are the documents. On 
deciding whether two documents should be placed into the same cluster, the 

similarity function is performed on the two documents. If the distance between 
the two documents is less than a certain threshold, the two documents are placed 
in the same cluster. One document is selected as the represent for each cluster 
and is called the cluster centre. Initially there is only one document and one 
cluster which contains the document. For every subsequent document d, the 
distance dist(d, Ci) between d and the representatives of every existing cluster Ci 

are calculated. Document d is placed into the cluster with the smallest dist(d, Ci) 
if dist(d, Ci) is less than the predetermined threshold otherwise a new cluster with 
only one document is generated. 

Willett (1980) used inverted files for constructing clusters and revealed that 
"terms which often assigned together in a inverted file, represents a cluster" 

which means that relations among documents are often also reflected in terms. 

The disadvantage of clustering is its inflexibility. Deerwester (1990) criticizes 

clustering as being "too restrictive since they allow no multiple or crossed 

classifications and have essentially only as many parameters as objects". 

Natural Language Processing 

In term-based representation, a document, as well as query, is transformed into a 

collection of weighted terms. Since each term can be thought to add a new 
dimension to the representation, it is important to select the terms and weights 

carefully. Unfortunately, it is very difficult, if not possible, to get an optimal term 

weighting. The probabilistic models are often based on term independence which 
is not true in normal situation because terms are related. A better method is to 

identify groups of words that create meaningful concepts in the database domain 

(Strzakowski, Carballo, and Marinescu 1995). For example, "background style" 

is a meaningful phrase in GUI design while neither "background" nor "style" is 

important by itself. 
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In the natural language approach, document texts are analysed using natural 
language grammar rules. Based on the properties of the language, phrases which 
have discriminative power can be recognized and used as the indexing terms. 
Noun phrases in English, for example, are likely to be more important than 

prepositions and adverbs in terms of the discriminating power. During retrieval, 
the same process of language analyzing as used in indexing is first applied to the 

query. The phrases contained in the query are then matched in the index. The 

natural language processing approach, compared with other approaches, takes 

more advantage of the language. The CLARIT system (Evans and Leffers 1994) 
from CLARIT corporation is an example information retrieval system using the 

natural language approach. 

4.3 Query expansion 
A typical user query consists of just a few terms germane to the topic. It is often 

necessary to add synonyms, variant spellings etc. of the original set of terms to 

achieve an effective search. This process of expanding the original query terms is 

called query expansion (Peat & Willett 1991). Query expansion is a two stage 

process -- initial query formation and query reformation. At the initial query 
formation stage, the user first constructs a search query and submits it to the 

system. The query may be an inadequate or incomplete representation of the 

user's information need either because the query itself does not reflect the user's 

real intention or because the query does not represent the required documents in 

the database. At the query reformation stage, the initial query is adjusted to 

improve the search result according the output from the initial query. New terms 

may be added, existing terms may be deleted, or the query terms may be 

restructured to further expand, reduce, or adjust the previous search result. Query 

expansion is a method for improving retrieval performance and applicable to any 

situation irrespective of the retrieval technique used. 

Efthimiadis (1996) uses a two dimensional measurement to classify the various 

query expansion approaches. One dimension is the source that will provide the 

terms for the expansion. Terms can come from the collection itself or come from 

61 



a knowledge base. The second dimension is the method that will be used to 
select terms to be used for the expansion. The selection method can be manual, 
automatic, or interactive. We are very interested in the interactive query 
expansion method because the CoBroSe approach supports interactive query 
expansion. 

The source of the expansion can be based on searching result which relates to the 
relevance feedback process. Documents retrieved in an earlier iteration of the 

search that have been identified as relevant becomes the source for the query 
terms. The source of expansion can also be based on certain knowledge structure 
that is independent of the search process. Such knowledge structure can either 
depends on the collection or be independent of it. Collection dependent 

knowledge structures are obtained from the corpus base by characterizing the 

collections, by using algorithms, or by constructing thesaurus. Suffix stripping 

and string similarity (Frakes 1984), term clustering (Spark-Jones 1971), 

association thesaurus (Qiu and Frei 1993) and pseudo classification (Jakson 

1970) all belong to this category. Collection independent knowledge structures 

are based on thesauri which can be domain-specific such as INSPEC, global such 
as WordNet, or dictionaries such as the Collins. 

The method of the expansion can be manual, automatic, or interactive. During 

query expansion, we are faced with the complete set of index terms. Decisions 

must be made as to which terms are to be chosen for query expansion. Manual 

query expansion leaves this decision entirely to the user. The user, based on 

previous search results, decide which terms to be used for further query 

expansion. Search tactics and the understanding of the searching system are 

crucial to the success of the searching result in a manual query expansion system. 

In automatic query expansion, the system is responsible for expanding the initial 

and /or subsequent queries based on some method. The process of automatically 

reforming a query in query expansion is called relevance feedback. It aims to 

improve the retrieved set by removing unwanted documents and adding more 

wanted documents without the users consciously contracting new queries by 

using relevance non-relevance information from the user. Examples of this are 
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the SMART (Salton; Rocchio; Buckley, Salton and et al 1995) and OKAPI 
(Robertson; Walker; Beaulieu et al) systems. In the SMART system, both queries 
and documents are represented as weighted vectors. Query expansion is achieved 
by adding (or substracting) to the query vector all retrieved relevant (or non- 
relevant) document vectors by a given cutoff point with each iteration of search. 
OKAPI uses a dictionary table of substitution terms that allows common 
synonyms to be searched automatically. For example, if "Britain" is entered, 
OKAPI will includes "GB, UK, Great Britain, United Kingdom" and so forth. 

The number of terms added for query expansion varies in IR experiments. Lu 

and Keefer (1995) reports an interesting statistic in which the average length of a 
query is about 7 words in a live situation while the average query length used in 
TREC-2 is 170. In the TREC-3 (Harman 1995) experiments, the City University 

expanded the topics by an average of 20 terms while the Cornell massively 
expanded the topics (500 terms + 10 phrases). 

Term clustering was used intensively in the earlier query expansion experiments. 
Index terms are clustered together by using deferent techniques based on certain 
similarity criteria. When a user query is submitted, the terms in the query are then 

expanded by adding the clustered terms. Spark Jones (1971) studied clustering 
intensively and found that term clustering works best with small clusters. 

Smeaton and Rijsbergen (1983) did a controversial experiment on expanding 

queries by using extra terms which are statistically related. Three types of extra 

search terms were used, the MST which is similar to a thesaurus but derived 

from statistical associations between terms, the Nearest Neighbours (NN) which 

represents terms statistically mostly related, and terms from relevant documents 

found by users. Although the experiment did not yield a significant or even 

noticeable improvement in retrieval effectiveness, it attracted wide attention. 
Peat and Willett (1991) explain the reason for the poor performance as: "query 

terms tend to have high frequency, so do the co-occurence terms (MST and NN), 

but high frequency terms have poor discriminating power. " 
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Deerwester's Latent Semantic Indexing (1990) takes a large matrix of the term- 
document association data and constructs a "semantic" space wherein terms and 
documents that are closely associated are placed near each other. Dumais (1994) 

reports its uses in TREC-2. The theory is based on the assumption that there are 
"none apparent" semantics among terms and documents in the term-document 

matrix. 

A comprehensive overview and discussion on various query expansion 

approaches can be found in Ehthimiadis (1996). For this research, we are 
interested in dynamic interactive query expansion using term-term association 
which is used in the CoBroSe approach developed in this research. The following 

expansion approaches are specifically related to this research. Their relations to 
the CoBroSe approach are further discussed in the next section. 

In interactive query expansion, both the system and the user are responsible for 

deciding the terms for query expansion. The system is responsible for presenting 
the users with a list of possible expansion terms and the user is responsible for 

making the actual selections. The source of the candidate terms can come from 

the document collection itself, or from an independent knowledge source. 

4.4 Interactive query expansion 
Oddy (19 77) reports one of the earlier interactive query expansion. Oddy treats 

the document collection as a thesaurus and lets the user browse through it. The 

user starts with a simple natural language expression of interest, and the system 

responds by presenting a document representative and asking for the users' 
judgments. The user can make then make positive or negative judgment either on 

the document as a whole, and/or on any indexed terms or authors presented in the 

document representative. The system takes the user inputs, modify the query, 

then iterates the search. 

An important work on interactive query expansion is the XOkapi in the 

ENQUIRE Okapi project at city university carried out by Beaulieu and her co- 

workers (Beaulieu, Do, Payne and Jones; Hancock-Beaulieu and Fieldhouse). 
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The project examined users' query formulation and search strategies in a highly 
interactive GUI environment. A configurable user interface was implemented 

with X-windows and the MOTIF widgets. Interactive query expansion was 
implemented by showing users the terms extracted from relevant documents, and 
allowing then to decide which ones should be added to the query expansion. 
Incremental query expansion based on relevance feedback is a unique feature 
introduced in the ENQUIRE project. This innovation was a result of the 

evaluation of other approaches to query expansion functionality and presentation 
implemented in previous Okapi projects. Overall the combined facility for both 

automatic and interactive query expansion provided by ENQUIRE system was 
much more effective. However, there are also flaws at present, for instance if the 
initial query only contains only one term it is virtually impossible for any others 
to be added to it to achieve a higher weight. 

4.5 CoBroSe and information retrieval 
Waterworth and Chignell (1991) use a three dimensional measure to describe 
information exploration behaviour. The first dimension concerns structural 

responsibility, ie. who is responsible for searching and who is responsible for 

structuring information. The second dimension of information seeking behaviour 

is target orientation which arose from the distinction between browsing and 

querying. The distinction between browsing and querying is not determined by 

the actions of the user, or by the configuration of the system, but by the cognitive 

state of user. The third dimension is based on the method of interaction used in 

the interface to the information system. Descriptive interface have generally been 

associated with querying behaviour and referential interfaces (point and click) 
have generally been associated with hypertext browsing. 

An important point made by Waterworth and Chignell is that the space of 

possible information exploration systems has not been fully explored. Most 

existing systems tend to fall into either descriptive (text retrieval) or referential 
(hypertext). Efihimiadis (1996) reached the same conclusion: "Studies on query 
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expansion have mainly concentrated on the issues surrounding automatic query 
expansion. Little is still known about interactive query expansion... ". With 

graphical user interfaces becoming widely used, there is no reason not to explore 
more interactive, more visual, and more intuitive ways for information retrieval. 
This is exactly the thinking behind CoBroSe. I 

The basic idea of CoBroSe is to visually present the database and the associations 

among search terms to the users. Search terms and their associations (or 

relations) are graphically presented as trees so that the users can browse and 

select them. Instead of composing a search query and waiting for the hit-list, the 

users seek information interactively by exploring the term trees. Each node in the 

tree represents a term and is associated with a set of documents matching the 

term. Once a search term is selected, the system does the search and updates the 

associated documents. The term trees can be constructed automatically from the 
database and index. 

CoBroSe relates to many of the previous researches in information retrieval, 

especially those in query expansion and multi-view filtering. However, CoBroSe 

also differs significantly to any one of them. CoBroSe is about exposing the 

relationship among search terms and presenting them to the users as trees. The 

central part of CoBroSe is the construction of the IR-IS-A tree. Various 

information retrieval techniques can be used to define the IR-IS-A relationship 

and to construct the IR-IS-A trees. 

4.5.1 CoBroSe and interactive query expansion 
The tree representation of terms relates to previous researches on interactive 

query expansion. Like interactive query expansions reviewed in the previous 

section, CoBroSe also displays expanded terms for the users to choose. Beaulieu 

(Beaulieu, Do, Payne and Jones; Hancock-Beaulieu, Fieldhouse) for example, 

uses graphical user interface to list the expanded terms for users to choose. 

CoBroSe uses an IR-IS-A relationship among term sets for selecting and 

organizing terms into trees. An IR-IS-A relationship is an abstract-specific 

relationship defined over term sets. Unlike interactive query expansion, 
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CoBroSe is perceived more as a browsing approach by the end users although 
search does happen behind the scene. The process of finding information is the 

process of browsing through a dynamically constructed IR-IS-A term tree. Users 

even does not aware of the searching which happens behind the scene for each 
term expansion. 

The central part of CoBroSe is the construction of the IR-IS-A tree. During the 

construction of the tree, searching methods are involved. In the prototype 
CoBroSe system presented in Chapter 10, Boolean searching is used but the 
CoBroSe approach itself does not restrict the employment of different searching 

methods. Various searching methods can be used with CoBroSe to define new 
IR-IS-A relationships. 

4.5.2 CoBroSe and independent thesaurus 
CoBroSe also relates to retrieval approaches using collection independent 

thesaurus. In constructing such a thesaurus, various relationships among terms, 

especially the "IS-A" general-specific relationship are used. Voorhees (1993) 

describes an automatic indexing procedure that uses "IS-A" relations contained 

within the WordNet (Miller 1990) and the set of nouns contained in a text to 

select sense for each polysemous noun in the text. Strirmand and Black (1996) 

report a retrieval approach which generates lexical chains from documents using 

the WordNet. Hyponymy (IS-A relation) among the synonym sets can be used 
for organizing the synonym sets into hierarchies. Pedersen (1993) proposed a 
browser for bibliographic information retrieval based on the application of 

Lattice Theory. 

However, CoBroSe uses collection dependent knowledge source. Furthermore, 

the IR-IS-A trees are constructed dynamically from the document collection 

instead of statistically from the dictionary meaning. 

4.5.3 CoBroSe and multi-view filtering 
CoBroSe is closely related to the multi-view filtering browsing technique in 

which a user views the database in several different ways through multi- 
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windowed views. Each view represents a set of documents satisfying a certain 
condition, or filter, and all the filters are applied to obtain the result document 
set. Pollitt (1988,1993,1994) presents two database interfaces, the MenUSE and 
the HIBROWSE, both with multi-view filtering capabilities for information 

retrieval. Both interfaces offer attribute values to the user for selection and both 
use a well-defined thesaurus to construct IS-A hierarchies for browsing some of 
the attributes. MenUSE windows are accessed in sequence while multi-windows 
can be show at will in HIBROWSE. 

The difficulty and focus of using the multi-view filtering approach is the 
construction of the domain specific IS-A hierarchy. A user defined IS-A 
hierarchy such as the subject hierarchy used in an on-line catalogue, takes time to 
construct and is difficult to apply to attributes other than subject. A thesaurus 

approach to IS-A hierarchy also takes time to construct and difficult to fit terms 
not in the hierarchy of thesaurus into the IS-A hierarchy. 

CoBroSe differs to the multi-view filtering approach in two respects. Firstly, the 
IS-A hierarchy is constructed from the document collection itself without 
needing a specially constructed thesaurus. Secondly, the IS-A hierarchy is 

constructed dynamically when the users browse the IR-IS-A tree. 

4.6 Summary 
Digital libraries provide unique opportunities as testbeds for evaluating and 

stimulating the IR research, but priorities that digital libraries require are not 

necessarily the same as those of traditional IR research. System issues, such as 
integration and distributed database, are also being regarded as very important IR 

issues. 

We reviewed in this chapter the major IR researches that relate to the CoBroSe 

approach to be developed in the next chapter. Interactive query expansion and 

multi-view filtering are especially relevant. 
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5. CoBroSe: Combining Browsing and 
Searching 

We develop, in this chapter, an interactive information seeking approach 

called CoBroSe to overcome the "search uncertainty "problem related to 

searching and to provide more interactive user interfaces for future 

electronic library systems. This chapter focuses on the basic mechanisms 

of CoBroSe, compares it with existing approaches, and analyses its pros 

and cons. Normalization of CoBroSe is discussed in next chapter. 

5.1 What is CoBroSe? 
Searching and browsing are the two primary methods for locating pertinent 
information in the information base. Several user studies have found that most 
people would use both during their information seeking although users with 
different background tend to use one method more often than the other (Lesk 

1991, Chen 1991). With searching, the user's primary task is to compose a query. 
Because the database to a search user is a black box, the user may have to try and 
guess several times with different queries in order to get the pertinent 
information. With browsing, a user "walks through" the database following some 

clues. Because users are only exposed to one point of the database at any moment 
during browsing, repeated browsing will be needed to find information located in 

different places in the database. 

An alternative way for information seeking is to treat the database and index as a 

glass-box through which the users can see the associations among terms and the 

associations among terms and documents. A search query in this case becomes 

more descriptive because the users can see the associated documents with each of 

the terms in the query. The CoBroSe approach for information seeking proposed 
in this chapter is based on the above observation. The basic idea is to visualize 

the term-term associations and term-document associations in the database so 

that the users can see and make use of them. 
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Figure 9 shows how CoBroSe works. The left window is divided into two parts. 
The top pane represents a "document-description". A document-description 

consists of attributes and their values and is similar to a relational query. The 
bottom pane shows all the documents matching the document-description. 
Instead of typing in query terms, the users click on one of the attribute buttons 

and open a browsing window, which shows both term-term associations and 
term-document associations, and select terms into the document-description. The 

right window in Figure 9 shows a "keyword" browsing window. As shown in the 
example, terms are arranged as a tree. A special term-term relationship, called the 
"IR-IS-A" relationship, is used for constructing the tree and is discussed in detail 
later. The term tree is also called IR-IS-A tree. 

CoBroSe works by gradually refining the document-description through selecting 
terms from the IR-IS-A trees. A document-description can be thought of as an 
abstraction of a set of documents all of which match the description. Initially, the 
document-description is in its most abstract form with all fields being empty and 
represents all the documents in the database. The users then repeatedly refine and 
enrich the document-description by browsing and selecting terms into it from the 

various IR-IS-A trees. As the document-description is refined, the concept it 

represents becomes more specific and narrow and it represents fewer documents. 

Figure 9 shows when the term "application" is selected from the keyword IR-IS- 

A tree. The refinement process stops when the users are satisfied with the 

document-description and the resulting document lists. Several different IR-IS-A 

tree can be opened at the same time so that terms belonging to different attributes 

can be selected into the document-description. Chapter 11 discuss in detail how 

to use CoBroSe in a prototype implementation of the Personal Digital Library 

system. 
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CoBroSe is an interactive information seeking approach involving more user 

interactions than searching. Instead of composing a search query by typing terms 

and then waiting for the system to return the search hit-list, CoBroSe works by 

browsing the term trees. Since term-term and term-document associations are 

shown in the IR-IS-A tree, users know more of the semantics of the terms they 

select in CoBroSe than in searching. From the user's point of view, interacting 

with the IR-IS-A tree not only saves them typing, but more importantly, helps 

them to clarify and explore the semantics of terms. This avoid typing in terms 

which are not in the database, or typing in terms which do not actually mean 

what the searchers want as often happens in searching. 
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5.2 Related work 
The CoBroSe approach to information seeking is based on term-term associations 
and multi-view filtering and is related to previous research by several 
investigators. We looked at CoBroSe in the context of information retrieval in the 
previous chapter. We now highlight the most relevent research here again. 

5.2.1 Term-Term Associations 
We can identify three types of frequently used term-term associations: user 
assigned associations in which the users decide whether two terms are associated 
or not, semantics associations in which term associations are determined by their 
dictionary meanings, and statistical association in which whether two terms are 
associated is determined by how often they appear together in the documents. 

User assigned associations 

This type of term-term associations can be found in many applications such as 
the hierarchical bookmark of Netscape and the subject index of the on-line 

catalogue systems. When an information object enters those systems, the users 
decide where to put it in the existing hierarchy. Information objects are 

represented by their labels (or terms). Two terms are associated if there is a link 

between the objects they represent. The ELINOR document hierarchy as shown 
in Figure 38 of Appendix-I is a typical example of using term-term associations 
for browsing information. 

The advantage of using user-assigned association is its flexibility -- a user can 

organize information into a hierarchy most suitable for him. The disadvantage is 

that users will have to manually do all the filling of information objects. Also 

standard filling convention must be used in order to share the information 

hierarchy. 

Semantic associations 

This type of associations takes advantage of the dictionary meaning of terms. 

One use of this type of association is semantic abstraction in semantic data 
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models (Burt 1990). Semantic abstractions are ways of specifying relationships 
among linguistic concepts. Four abstractions -- generalization, aggregation, 
classification, and association -- are commonly used. Generalization is known as 
an "IS-A" relationship, which occurs when entities are grouped in a hierarchical 

relationship, in which objects at a lower level are seen as subtypes of the higher 
level. Aggregation is known as an "IS-PART-OF" relationship, which occurs 
when objects are grouped in a component relationship. Classification is known as 
an ""IS-INSTANCE-OF" relationship which occurs when objects are grouped 
because they are specific examples of a more general object type. Association is 
known as an "IS-MEMBER-OF" relationship which occurs when objects are 

grouped by virtue of satisfying some criterion or criteria. 

Thesauri are often used to characterize term (or word) senses through their 

association with others. One of the well known, large-scale, general-purpose 
thesaurus is the Princeton WordNet (Miller 1990) containing more than 90,000 

synonym sets. 

An important use of the semantics association in information retrieval is to use 

synonym set to eliminate the problem of polysym, a single word form having 

more than one meaning. Strirmand and Black (1996) report a retrieval approach 

which generates lexical chains from documents using the WordNet. Hyponymy 

(IS-A relation) among the synonym sets can be used for organizing the synonym 

sets into hierarchies. Voorhees (1993) uses both synonym and the IS-A relation 

to select a sense for polysym nouns for automatic indexing. 

Semantic association largely depends on the thesaurus, or knowledge base. 

Davies (1996) found that it is difficult to get better searching performance 

without a subject and database specific thesaurus for the Web profile systems. 

Statistical associations 

Statistical association of terms is purely based on how often and where about 

terms appear in the document texts. Two terms frequently appearing together 

imply a strong term association and terms that seldom co-occur imply weak 

associations. To measure the strength of the association, functions similar to the 
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similarity functions used for document clustering can be defined. Once such a 
"similarity" function is defined, terms can also be clustered as with documents. 
The Latent Semantic Indexing (1990) approach and the studies on query 
expansions as we reviewed in Chapter 4, all takes advantage of statistical 
associations. 

Statistical associations can be generated automatically by computers. CoBroSe 

also uses the statistical sense associations but the association is among sets of 
terms not among individual terms 

5.2.2 Interactive query expansion 
Interactive query expansion envolves both the system and the user. The system is 

responsible for presenting the users with a list of possible expansion terms and 
the user is responsible for making the actual selections. The ENQUIRE Okapi 

project at city university (Beaulieu, Do, Payne and Jones; Hancock-Beaulieu and 
Fieldhouse) examined users' query formulation and search strategies in a highly 

interactive GUI environment. A configurable user interface was implemented 

with X-windows and the MOTIF widgets. Interactive query expansion was 
implemented by showing users the terms extracted from relevant documents, and 

allowing then to decide which ones should be added to the query expansion. 
Incremental query expansion based on relevance feedback is a unique feature 

introduced in the ENQUIRE project. This innovation was a result of the 

evaluation of other approaches to query expansion functionality and presentation 
implemented in previous Okapi projects. Overall the combined facility for both 

automatic and interactive query expansion provided by ENQUIRE system was 

much more effective. However, there are also flaws at present, for instance if the 
initial query only contains only one term it is virtually impossible for any others 

to be added to it to achieve a higher weight. 

5.2.3 Multiview filtering 
Multiview filtering is a browsing technique in which a user views the database in 

several different ways through multi-windowed views. Each view represents a set 

of documents satisfying a certain condition, or filter, and all the filters are applied 
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to obtain the result document set. Multiview filtering is a natural extension to 
relational database interface where search on several attributes is usually needed. 
Filtering here is different from filtering incoming streams of data, such as e- 
mails, as discussed in Belkin and Croft (1992). 

Pollitt (1988,1993,1994) presents two database interfaces, the MenUSE and the 
HIBROWSE, both with multiview filtering capabilities for information retrieval. 
Both interfaces offer attribute values to the user for selection and both use a well- 
defined thesaurus to construct IS-A hierarchies for browsing some of the 

attributes. MenUSE windows are accessed in sequence while multi-windows can 
be show at will in HIBROWSE. Because several attribute values in the database 

are presented to the users in the multi-views at the same time, it "clearly assists 

the user in appreciating the actual contents of the database and removes the 

problem of search specification using values that are not present. " (Pollitt 94). 

The difficulty and focus of using the multiview filtering approach is the 

construction of the domain specific IS-A hierarchy. A user defined IS-A 

hierarchy such as the subject hierarchy used in an on-line catalogue, takes time to 

construct and is difficult to apply to attributes other than subject. A thesaurus 

approach to IS-A hierarchy also takes time to construct and difficult to fit terms 

not in the hierarchy of thesaurus into the IS-A hierarchy. The CoBroSe approach 
to the IS-A hierarchy is based on statistical associations. The IS-A hierarchy is 

generated on the fly and can be applied to a variety of attributes. 

5.3 The pros and cons of searching and browsing 

It is worth looking at the pros and cons of searching and browsing from the view 

of users before we develop the interactive CoBroSe approach. 

5.3.1 Searching 
Searching is a basic functionality of every information retrieval system. The 

advantage of searching is that users can treat the system as a black box. The users 

do not have to know anything about how information is organized or classified in 
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the database and can still get information. Searching is fast because it is usually 
done through an index without actually consulting the documents. 

1-ullnuiate System Does 
Query Search 

Hitlist 

Figure 10 Searching Process 

Searching is a repeated process. If a user inputs a query "windows" hoping to get 
information related to windows design in GUI, he is likely to get many 
documents describing windows of buildings unless the IR system has an 

appropriate restricted subject area coverage. To get the pertinent information, 

several searches are often needed. The user inputs a query and does a search. 
The result of the search either contains too many documents, too few documents, 

contains a lot of unrelated documents, or is just what the user wants. In the 

former cases, the query will need to be modified and the process repeated again. 
The process is show in Figure 10. 

The first problem related to searching is the search uncertainty with search terms 

Search terms in the user's mind may not be in the system or may have different 

meanings in the system. Users will need to try and guess in choosing search 

terms. Chen (1991) describes search uncertainty as: 

"Search uncertainty arises because the users have latitude in choosing terms 

to express a query and search strategies they employ in acquiring 

information. Search terms cause two problems. First, an exact match between 

the users' terms and the index terms is unlikely. This is referred to as the term 

matching problem. Second, the search terms used may not in fact truthfully 

represent what the searcher is really looking for. This is referred to as the 

problem of query articulation. " 
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The second problem with searching is the uncertainty with the resulting hit-list. 
Users can decide which document in the hit-list is pertinent but, unless the users 
know the retrieval algorithms, they would not be convinced that the search result 
contains all pertinent documents even if the result does contain every document 

the users want. The reason is that the system and database are treated as a black 
box and the users can not see the contents of the database. 

The third problem with searching is that the query and the search results are not 
at the same level. A query is in the conceptual domain and usually only contains 
a few terms or phrases while the result of a search is a document hit-list which is 

the base for assessment of the search and the query. Users would expect the terms 

contained in the query to be keywords in the resulting documents so that the 
documents are pertinent to their search. However, such is not always the case 

with free text search. A matching word in a document does not always carry the 

amount of information the users would expect. The context where the terms 

appear is important. 

5.3.2 Browsing 
Browsing has been recognized as the most often used ways for information 

seeking by several user studies including Chen (1991), Lesk (1991), Rada (1992), 

and Mercury. We quote a paragraph from Chen here: 

"it is alarming that the least effective and efficient strategies, namely, the 

SCREEN-BROWSING and the TRIAL-AND-ERROR strategies, were used 

overwhelmingly by the subject searchers... over 80% of the subjects used these 

two strategies. " 

It is perhaps not so alarming if we look at the power of browsing. Browsing 

allows the users to "walk through" the database. Unlike searching in which the 

users can only input a query and wait for the system to do the rest, browsing 

involves more user actions. The users can see the contents of the database and 

have the freedom of interacting with it. 
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Browsing is similar to using a conventional library more than searching. Users, 
for example, can use context information such location to remember where a 
Particular document is. After browsing a particular portion of a database several 
times, the user may become familiar with this portion of the database. 

Subsequent information seeking may become much easier because the users have 
been there before. 

The simplest way of browsing is go through the database sequentially similarly 
to browsing along a bookshelf. This can be too time consuming with large 

databases. A better way of browsing is to follow some structure. Browsing by 
following a subject index, for example, would be much more productive. Several 

structured paths can be set up for browsing so that the same document collection 

can be browsed in many different ways from different points of view. 

Browsing depends on the structure of the database. This has two implications. 

Firstly, the system must organize the data so that efficient browsing is supported. 
This is similar to organizing books on the book-shelvs of traditional libraries. 

Secondly, user knowledge of the database structure can have dramatic effect on 
browsing. As with information seeking in a traditional library, the more 
knowledge the user has of the structure of the database, the more efficiently the 

information may be found. 

Browsing is always focused on one aspect of the database. It is thus difficult to 

locate information scattered in different places in the database. If a user looks for 

"WWW and TV " he will probably need to browse twice, once for WWW and 

the other for TV. 

5.4 The IR-IS-A relationship and the IR-IS-A tree 
We introduce, in this section, the IR-IS-A relationship and the IR-IS-A trees 

which are the foundation of the CoBroSe approach. 

The IR-IS-A relationship is defined on document attributes. A document attribute 

represents a property of the documents concerned. Each attribute takes one or 

more values from an attributes domain. Those values are what we call "terms" in 
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information retrieval. "Keyword", for example, is an attribute taking one or more 
values from the domain of keyword strings. Relationships, or association, can be 
defined on an attribute domain or between attribute domains according to the 
needs and the semantics of the attributes. 

The generalization abstraction IS-A is the most important relationship for 

structuring document attributes. IS-A relationship occurs between two sets of 
some document attribute values or terms. Suppose KI and K2 are two sets of 
keywords with K1={"information"} and K2={"information", "system"), then K1 
is an abstraction of K2 and K2 is a specialization of KI if we think of K2 as 
being representing a concept which is both about "information" and "system". 
Intuitively, a set of terms is more abstract if the terms are contained in more 
documents and more specific if the terms are contained in fewer documents. 

Formally, let D(K) represents the set of documents all containing terms in the 
term set K, we say K2 IR-IS-A K1 if D(K2) c D(K1). We call this abstraction 
IR-IS-A abstraction, meaning K1 is an abstraction of K2, or K2 is a 

specialization of K1 in the sense of information retrieval. We will formally 

discuss the IR-IS-A relationship in detail in the next chapter. 

It is important to note that the IR-IS-A relationship is an association in statistical 

sense which depends on the co-occurrence of terms in documents not the 

dictionary meanings of terms as we mentioned earlier. It is likely that 

{"information"} IR-IS-A {"nothing"} if both "information" and "nothing" are 
interesting terms of a document attribute and all the documents containing 
"information" also contain "nothing". It is also important to note that the IR-IS-A 

relationship is among sets of terms not among individual terms. 

The IR-IS-A relationship can be shown hierarchically as a tree with the abstract 

term set being a father and the specific term sets being the sons. The advantage of 

using a tree to express the IR-IS-A relationship is that users can graphically 

navigate through the tree to explore the meanings of terms and to select them into 

"document-descriptions". Figure 11 is an example IR-IS-A tree. Each node in the 

tree represents a set of terms and is labelled as "term: number". The term set a 
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node represents contains all the terms in the path of the node and the "number" in 

the label is the number of documents containing the term set. For example, the 

node "Oracle: 50" in Figure 11 represents the term set {"database", "relational", 

"oracle"} which is contained in 50 documents in the database. Every link in the 

tree is an IR-IS-A relationship between two term sets. 

The users interact with the IR-IS-A tree in CoBroSe by selecting, expanding, and 

collapsing it. The users start from the top level nodes, in this example, the node 

with term "database: 200" by double clicking on it. This expands the tree to the 

next level and also makes the node selected (highlighted). The term set the 

selected node represents will be used in the "document-description". The users 

can also collapse a branch of the tree by double clicking on it. A single click on a 

node makes the node selected. 

In the example tree, a user first selects the term "database" which is contained in 

200 documents. The CoBroSe algorithm expands the "database" node to its next 
level. The user then narrows his selection by clicking on "relational" to make the 

selection more specific. The highlighted nodes are now "database" and 

"relational" and there are 150 documents containing the term set {"database", 

"relational ). Finally the user selects "Oracle" and there are 50 documents 

containing all the three highlighted terms. Users can view documents associated 

with the selected terms in a separate document list window. 

databases "200 

application: 100 design: 150 ". """"". relational: 150 4GL: 70 

Entity-relationship: 40 Oracle: 50 theory: 60 

Figure 11 An example IR-IS -A Tree 
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The IR-IS-A relationship holds naturally on virtually all document attributes 
which are expressed as multiple term. The "title" attribute, for example, can be 
treated as separate words and an IR-IS-A tree similar to the above example can 
be constructed. A special case of the IR-IS-A relationship is when every term set 
contains only a single term. The "subject" attribute, where each subject is 

expressed by a single term, is an example. 

It is interesting to note that different selection sequence on the IR-IS-A tree will 
still produce the same result as long as the final nodes represent the same term 

sets. For example, selecting "relational", then "Oracle" then "database" will 
produce the same result document set. There are more discussions on the 

properties of the IR-IS-A relationship in the next chapter. 

5.5 Document-description 
A document-description is a statement about certain properties of documents. 

Each document-description describes (or represents) a list of documents all of 

which match the description. A document-description takes a similar form as a 
relational query by specifying the attributes of the documents such as title, 

author, and keyword. A simple document-description may be "keyword = 
`information retrieval' " and "publication time = 1995". This simple document- 

description represents all the documents in the database containing keywords 

"information retrieval" and published in 1995. 

A document-description can be viewed as an abstraction of a set of documents. 

The degree of abstraction of a document-description depends on the degree of 
information supplied to it. The more information is specified in the document- 

description, the fewer the documents it represents. An empty document- 

description in which all fields are empty is in the most abstract form representing 

all the documents in the database. As information is gradually supplied to the 

document-description, it becomes less abstract and represents fewer documents. 

When all the information about a particular document is supplied to the 

document-description, the document-description only represents that particular 
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document. An on-line catalogue record, for example, is a document-description 

representing only one document. 

At the beginning of information seeking, the users are faced with an empty 

document-description representing all the documents in the database. The users 

then refine the document-description by supplying more information to it. Figure 

12 shows the refinement of an example document-description. The second stage 

document-description, as shown in the figure, is an enrichment of the initial stage 

with some field specified representing all the computer articles published after 

1989 in the database. The third stage document-description is a refinement of the 

second. Subject is now refined to "software" and keyword is refined to "search & 

browse". The resulting document set contains all articles with key words 

"search" and "browse" published after 1989 under the subject classification 

"software". As more information is supplied to the document-description, it 

becomes more specific and the document list it represents become smaller. 

Initial Document Description 

''eitle 
'Amhor 
'Subject 
'Keyword 
'Contents 
'()oc Type: 
"Publisncr 

Initial Document Set: 

All document listed 

2nd Stage Document Ilcccripliol1 and stage I)ocuittcnl Description 

*'Title "fide 

*Author *Aulhot 

*Subject Computer *Subjccl : Sottwure 

Keyword *Keyword Search ßtow,.: 
--- ---ý 'Contents 'Contents 

. 
*L)ac Ty'pc: Article 'Dot: ype: : Article 

't ublisher 
*Publisher 

. 
*Year 1990 " Now 'Year 1990 " Now 

2nd Stage Document Set: Final Document Set 

Documents satisfying 
description 

Documents satisfying 
description 

Figure 12 Refinement of an example document-description 

One way to supply further information to a document-description is by typing in 

terms into the fields of the document-description. This is like composing a search 

query in which uncertainty occurs -- the users are neither sure on the existence of 

the terms in the database, nor about the associated documents of the terms. 

Document-description, in this case, becomes a query instead of a description 

because the users are not sure about what it represents. 
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The CoBroSe approach supplies information to the document-description by 

browsing various IR-IS-A trees and selecting terms from browsing as discussed 

in the previous section. During browsing, the users can see the relationship 

among terms and the associated documents for each term. A document- 

description differs from a query in that users are aware of what a document- 

description describes while they are not sure what a query represents. 

5.6 CoBroSe: combining searching and browsing 
The process of CoBroSe is the repeated process of refining document- 

descriptions by browsing various IR-IS-A trees as shown in Figure 13. The 

initial document-description is empty and the initial document list is all the 

documents in the database. Users, based on some vague ideas and incomplete 

information on what they are looking for, browse one or several IR-IS-A trees 

defined on different document attributes. For example, a user may only know 

something about the subject and a few keywords when he starts information 

seeking. By browsing the subject tree, the user can expand his subject into 

several sub-subject and select the sub-subjects he really wants. Similarly, by 

browsing the keyword tree, he can enrich and select more specific and pertinent 

keywords. Every selection will enrich the document-description and make it 

more specific. The new document-description can then be repeatedly refined until 

it represents the document set the user wants. 

83 



CoBroSe is different from searching. The first difference is that searching treats 
the database as a black box while CoBroSe treats the database as a glass-box. Let 

us use an analogy to clarify this. Suppose a customer is looking for a house to 
buy and suppose there are 100 houses on sale by an agent. One option for the 
customer is to write a letter to the housing agent saying what he wants, for 

example, the style, size, price etc. and the agent selects one for him. With this 

option, the information on the houses is a black box to the customers and the 

agent does all the selection. The other option is for the customer to browse the 

properties of the houses by looking at the real style and size of the houses and 
then select the right style, size, and price. With this option, the information on the 
houses is a glass box to the customer and the customer knows exactly what the 

style, size, and price mean. The first option corresponds to searching and the 

second option corresponds to CoBroSe. With the first option, the agent acts as 
the "system" which hides the "database" and does the searching on behalf of the 

customer. With the second option, the whole "database" is a glass-box to the 

customer allowing him to browse and interact with the data. 

The second difference is that searching is based on a query while CoBroSe is 
based on a document-description. A query is something the users do not know 

while a description is something the users know pretty well. A query is 

perceived as a question while a document-description is perceived as a 

specification. Searching treats the system as a closed black box from which the 

users do not have any idea of what his query represents in terms of related 
documents before a search, while CoBroSe treats the system as an open glass box 

from which the users can see what the document-description represents. 

In fact, CoBroSe is a combination of browsing and searching. Browsing is used 
for refining the document-descriptions. It appears to the users that they only use 
browsing and searching never happens. But searching does happen behind the 

scene. In fact, every browsing also involves searching. Once a user selects a new 

term, the term is searched in the database and a document list corresponding to 

the term is retrieved. The retrieved document list is "and"ed into the existing 

document list corresponding to the existing terms. CoBroSe only involves single 
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term searching as described above. The document list of a complicated 
document-description are gradually built up through many interactive, single 
term searches. 

Compared with searching, CoBroSe is a more interactive and evolutionary 
process. From the user's point of view, interacting with the IR-IS-A tree not only 
saves them typing, but more importantly, helps them to clarify and explore the 
semantics of terms. 

Figure 14 shows a possible user interface for CoBroSe. The document- 
description window, which contains document attributes icons and a document 
list window, is shown on the top-left corner. Once a user clicks on the "title" icon 
in the document-description window, the title-view window, which shows the 
IR-IS-A tree for the title attribute and shows the document list containing the 

selected terms in the tree, is open and the top level nodes of the tree are 
displayed. The user can then expand, select, or collapse the tree to explore terms. 
Once a selection is made, the document list in the title-view is automatically 

updated. The user can also click on a document in the list to show the actual 
document. 

Several IR-IS-A tree windows can be open at the same time allowing multiview 
filtering. The example interface shows two views, the title view and the keyword 

view, opened at the same time. The document list in the document-description 

window lists the document filtered by both views. 
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IR-IS-A tree can be applied directly and nicely to some document attributes such 

as the keyword and title attributes. IR-IS-A tree can also be applied to some other 
document attributes, such as the free-text and author attribute, with some 

modifications. We discuss in this section how to organize IR-IS-A trees on 

various commonly used document attributes. The keyword attribute is used as a 

typical example to show the basic principle. 

5.7.1 The keyword IR-IS-A tree 
As mentioned above, one difficulty in forming a keyword search query is the 

uncertainty associated with searching terms. Users have to guess the right 

keywords to use. If the user chooses keywords representing a wide concept such 

as "computer" or "information system", he is likely to get hundred of documents 

in the hit-list. If the user chooses a keyword representing a narrow concept such 

as "font design", he may not get anything back. The root of the problem lies in 
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the fact that users do not have any knowledge about the keywords stored in the 
system and the associations among the keywords 

Keywords and the IR-IS-A relationships among them can be presented to the 
users as an IR-IS-A tree as shown in the example in Figure 11. A keyword tree 
firstly can be used as a visual guidance for the users to choose, instead of guess, 
the right keywords in forming a document-description. Suppose the users type in 
(or choose) the first level keyword "database", a keyword tree with the chosen 
keyword as root similar to Figure 11 is then dynamically constructed by the 

system. The users can then choose more key words by moving down the tree. 
Such a visual guide will guarantee the keywords chosen are meaningful in the 
database and simplify the process of specifying keywords. 

More importantly, the IR-IS-A relationship represented in the tree helps the users 
to explore and identity the keywords he really wants. Because each link in the 

tree represents an IR-IS-A abstraction, the users can use the tree to narrow down 

a concept effectively. In the example keyword tree of Figure 11, once the user 

selects the root term "database", several IR-IS-A related terms are shown as the 

children of "database". Keywords which are not related to "database" are not 
listed. Selecting any one of the children is guaranteed to reduce the resultant 
document set. This is effectively an, automatic "filtering" process -- irrelevant 

information is filtered out and only relevant information remains. 

The default semantics of the keyword attribute in a document-description is "all 

documents containing the keywords". The initial keyword attributes in a 

document-description is KO={} which represents all documents in the database. 

When the user selects or types in K1={"database"}, the document-description is 

refined but the document set it represent is restricted to documents containing the 

keyword "database". When the user selects K2={"database", "relational'}, the 

document-description is further refined and the documents it represents is further 

restricted to documents containing both keywords. 

To construct an IR-IS-A tree for the keyword attribute automatically, we must 

establish procedures for finding the sons of a given keyword set. To be precise, 
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suppose we already have a keyword set K, we must find all the keyword set K.; 

such that: 

1. K; is a descendent of K, that is K; IR-IS-A K 

2. K; is the next level descendent of K, that is IKil - IKE =1 

3. A way to order K; s according to their relevance to K 

4. Option: no IR-IS-A relationship holds among K; 

Conditions 1 and 2 simply say that K; is the next level keyword set for K. 
Condition 3 raises a big question -- how can we measure the "relevance" between 

two term sets? Recall that the statistical associations between two terms can be 

measured by a similarity function. Because each K; is exactly one term more that 
K, we can use those terms that are in K; but not in K, that is k; = Ki - K, to decide 

the relevance. Lets use an example to clarify this. Suppose K= {"database"}, 

K1= ("database", "design"), K2 = {"database", "relational"}, K3 = {"database", 

"information"} and the term-document association table is shown in Table I. The 

simplest measure of relevance is by counting the number of 1's in each row. The 
larger the number the more relevant-the term is. In the example table, the row for 

the term "relational" has three ones representing three co-occurrence with 
"database". If such a simple relevance measure is used, the order for the Kj's 

should be K2, KI, K3 (or K2, K3, KI). 

Condition 4 is optional. If condition 4 holds, the IR-IS-A tree is "proper" in the 

sense that only direct sons, not grandsons, are attached to a father node. In the 

above example, if condition 4 is to be true then "information" should not be 

listed as a direct son of "database" because it is a son of "relational", that is, K3 

IR-IS-A K2. Condition 4 determines the shape of the IR-IS-A tree. If it holds, the 

tree is deeper but narrower as shown in Figure 15 (b), otherwise the tree is wider 
but shallower as shown in Figure 15 (a). 
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Keywords \ Document I 
docl 

I 
doc2 

I 
doc3 

I 
doc4 

database 
1 II 11 

design 
1 

Jo 

01 

relational 
II10 

information 
1010 

Table I Example term-document association 

database database 

relational design information relational design 

inf rmation 

(a) (b) 

Figure 15 Proper and non proper IR-IS-A trees 

The keyword attribute is very suitable to be represented as an IR-IS-A tree. 
Because keywords are important words, all the nodes in the IR-IS-A tree carry 
information for retrieval purposes. Because the total size of the keywords are 
usually much smaller than the total size of the actual texts of the documents, the 
performance of browsing the IR-IS-A trees should not be a problem. 
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5.7.2 The title IR-IS-A tree 
Similar to keywords, words appearing in document titles usually carry more 

weight than those appearing in body text for information retrieval. If we treat a 
title as a list of words, we can construct an IR-IS-A tree similar to the keyword 

tree. Stop words in the title should be removed. 

During the refinement of the document-descriptions, users can browse the title 

tree to enrich the "title" attribute of the description. Figure 16 shows an example 

title tree. If a user selects (or type in) a title word "database", the system then 

shows a tree similar to Figure 16 hinting more title words for the users to select. 

If the users then select "design", he would get a list of titles containing the words 
"database" and "design" similar to what is listed in the box Figure 16. 

Compared with searching on titles in which users have to guess title terms, an IR- 

IS-A title tree visually presents the title words hierarchically to the users. The IR- 

IS-A relationship in the tree is an effective filter. Once a user selects "database", 

all title terms Co-occurring with "database" in document titles will be listed in 

the next level. The next level term "design" for example, corresponding to four 

documents. 

databýse200 

..... relational: 170 4GL: 120 applicatio 
fn: 

) design: 4 ... 
. 

(. Database Design Theory 
2. Relational Database Design 
3. Free-text Database Design Oracle: 20 theory: 50 
4. Designning a Business Database 

Figure 16 An example title tree 

5.7.3 The content IR-IS-A tree 
Content search or free-text search refers to search on the body text of the 

documents. If we treat the body text of the documents as a long list of words, we 
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can construct an IR-IS-A tree for body text similar to constructing an IR-IS-A 
tree for keywords. 

However, there are important differences between the body text attribute and the 
keyword attribute. First, we do not need to consider the frequency of appearance 
for a keyword. A keyword is either attached, or not attached to a document. But a 
free text word can appear in the body text of document several times. Words 

appearing too often, such as the stop words, and words appearing very seldom, 
have little discriminating power for retrieval and should not be used in the IR-IS- 
A tree. Second, the number of free text words can be very large. Without using 
some "similarity" or "approximation", the IR-IS-A tree can become too large to 
browse and the system response can be slow. 

Table 2 is similar to Table 1 of the previous section but the terms now are free 

text words not keywords. The numbers in the table represent the frequency of 
occurrence of the terms in the documents. We note first that the IR-IS-A 

relationship defined in the previous sections may be too weak and need 

modifying. In the example table Table 2, there is an IR-IS-A relationship 
between every pair of single term set which can reduce the filtering power of the 
IR-IS-A tree. Ideally there should not be an IR-IS-A relation between 

{"relational'} and {"information"} because their frequency of occurrence is very 
different. A better similarity function taking term frequency into consideration, 
instead of the simple "coexistence", should be used to define the IR-IS-A 

relationship for body texts. Many of the similarity functions we reviewed in the 

previous chapter can be potentially used here. 
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terms \ Document docI doc2 doc3 doc4 

database 30 45 

design 22 45 

relational 22 44 10 

information 
5 15 18 

Table 2 An example term-document table 

5.7.4 The subject tree 
The subject index plays a very important part in conventional libraries. Because 
documents of similar contents are classified under the same or similar subjects 
and similar subjects are under a common subject, once a user finds one pertinent 
document he also finds a set of related ones. 

A subject tree is a way of graphically representing a subject classification. 
Figure 17 is an example subject tree. Every node in the tree represents a subject. 
If node Ni is a parent node of N2, then NI represents a broader subject and N2 is 
a sub-subject of Ni. The line between NI and N2 represents the "general- 

specific" relationship. 

Constructing a subject IR-IS-A tree is different from constructing a keyword IR- 
IS-A tree because subject classification is in the dictionary sense while the IR-IS- 
A relation is based on statistics of term appearances. We can construct a subject 
tree by replacing a subject term with a set of subject terms. To construct the 

subject tree in Figure 17, we need to treat the term "software" as {Computer, 
Software} and treat "LAN" as {Computer, Software, Networking, LAN}. If a 
document is to be classified as belonging to "LAN", then its subject term set is 
{Computer, Software, Networking, LAN} not just {LAN}. 
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abm 
j Databas \ Software Engineering 

LAM Protocol Innmet 

Figure 17An example subject tree 

5.8 Other considerations 
5.8.1 Boolean operations 
A document-description consists of several document attribute descriptions. The 
default interpretation of the document-description is "and", which means the 
resultant document set is the documents satisfying all attribute descriptions. 
Sometimes, however, users may need to "or" some of the attribute descriptions. 
To accommodate this requirement, each attribute description is prefixed with an 
operator. The default operator is the "and" operator, but can be toggled into "or". 
Three more operators are also needed sometimes. They are "not" operator and 
bracket operators "(" and ")". The five operators will enable any Boolean 

conditions to be specified. 

5.8.2 Which attributes to use 
In the above examples, we have been using a document-description consisting of 
8 attributes. This should be able to be changed depending on the nature of the 
documents and the preference of users. Following the adaptive user modelling 

concept developed in chapter 7, the CoBroSe approach will provide the 

mechanism for changing the attributes in the document specification but leave 

the actual customization to the users. 

The database owners should be able to decide which document attribute to use 

and define them. All defined document attributes should be able to be selected 
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into the document-description by the users. The users should be able to insert, 
delete, or modify the attributes in the document-description for the presentation 
of their own. 

5.8.3 String matching 
Document attribute specifications are usually represented as strings inside the 

computer. Those strings are to be matched with terms in the index and 
documents. Since one term can be represented in several different syntactic 
forms, there is a problem in matching them. For example, the term "application" 

and the term "applications" may both appear as keywords, shall we treat them as 
the same term or separate? 

There have been many studies on different matching approaches such as n-grams, 
truncation, and fuzzy matching (Oakes 1992). An inexact matching policy, such 

as the "stem" policy which when two words have the same stems but with 
different suffix, are treated as being equivalent, should be adopted for our 

Purposes. Let W={w1, w2, .... w� } denote a word set where w; 's are words. Let 

Suffix ={s, ed, ing, tion, sion, ... } denote the set of common suffixes. If w; p3 

=wk where pj is a suffix, the stem matching treats w; and Wk as being equivalent. 

Again the system should just provide the mechanism and leave the actual 
decision to users. The users may break this rule by differentiating two equivalent 

words or they may make equivalent two words that do not have the same stems 

by using a thesaurus. Prefix treatment and the degree of similarity of two words 

should be left as options. 

5.8.4 Visualization 
Visualization makes the process of information seeking more intuitive. By using 

graphical presentations and icons, the users are relieved the burden of reading 

and manipulating text commands and can concentrate on their main seeking 

tasks. 
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Firstly the document-description should be visualized by using familiar icons 
(IconStandard 1996). The document attributes "author", "title", "keywords", 
"contents", and "date" can be visualized by using icons similar to the following: 

0M% 

Fiýl M 
Secondly, all trees can be presented graphically as we have discussed. 

Thirdly, several views of the database should be provided. The example user 
interface in Figure 14, for example, can open as many views as attribute 

numbers. 

5.9 The pros and cons of CoBroSe 
CoBroSe is an interactive approach involving both searching and browsing. 

Compared with searching, CoBroSe has the following advantages: 

" Typing and guessing keywords etc. is replaced with browsing and selecting. 

This not only acts as a hint for speeding up the enrichment of the document 

specification, but also reduces the chance of frustration of term matching -- 
typing in some searching terms but find nothing in the hit-list. Term 

articulation is also reduced because users can see the document set a term 

represents before selecting it. 

" The IR-IS-A relationship among terms and can be used as an effective 

information filter. Unrelated terms, or terms already implied by the selected 

terms are not further listed for selection. Every selection is guaranteed to 

reduces the hit-list and is guaranteed to reduce the child term too. 

" During searching, the users refine their queries by assessment of the resulting 

document list. Because query and the resultant document set are not at the 

same level, assessment can be difficult. During CoBroSe, the users refine the 

document-descriptions based on previous document-descriptions which are at 

the same level. Because the users obtain the previous and current document- 
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description through browsing, they know pretty well the semantics of the 
document-descriptions and can base their assessment on the document- 
descriptions. 

Compared with pure browsing, CoBroSe offers the following advantages: 

" CoBroSe provides a coherent mechanism for browsing multiple IR-IS-A trees 
at the same time. Users are no longer restricted to one point of the database 
during browsing. A user can browse multiple trees at the same time. This 

gives the users a wider and more comprehensive view of the database. For 

example, a user can open a "title" tree and a "keywords" tree and browse 

through both. The relationship among the multiple trees, which can be either 
"and" or "or", is well defined in the document-description. 

CoBroSe is proposed to be easier for the users but not for database administrators 
and system implementors. CoBroSe involves more structuring of information in 
the database which leads to the following drawbacks: 

CoBroSe relies on the properly chosen terms of various attributes. The 
keyword IR-IS-A tree, for example, is constructed dynamically from the 
keywords of the documents. If the keywords are not properly chosen, the IR- 
IS-A tree will be confusing and misleading. 

" System implementation can be complex. A CoBroSe system is more than just 

a relational database management system or a free text system, analysing and 
using term-term association is crucial. 

5.10 Summary 
The CoBroSe approach proposed in this chapter is an alternative way to 

searching for information. The approach is based on the gradual refinement of 
document-descriptions by browsing the various IR-IS-A trees. By exposing the 
database and index to the users through the various IR-IS-A trees, CoBroSe 

allows users to see and explore the "term-term" associations and the "term- 

document" associations. 
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The CoBroSe approach eliminates the problem of search uncertainty related to 

searching. It is a more interactive approach employing visual presentations of 
IR-IS-A trees and multiview filtering. 

In the next chapter, we use set theory to explain CoBroSe. We will formally 

define and discuss the semantics, representation and construction of the IR-IS-A 

tree in some detail. 
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6. A Data Model for CoBroSe 

When data are captured, they are stored in documents. During 

information seeking, data are presented to the users through documents. 

A data model in our context, is thus concerned with the conceptual 

representation and organisation of documents. We are particularly 

interested in document models which efficiently support the CoBroSe 

approach.. 

We start this chapter by looking at the various properties of documents. 

The document properties are then abstracted into an abstract document 

class by using the object-oriented approach. Mechanisms for identifying 

document logical structures are then proposed. We then focus on the 

formalization of the IR-IS-A abstraction which is the base for CoBroSe. 

The purpose is to establish the theoretic ground for CoBroSe and derive 

procedures for building the various abstraction trees. 

6.1 The document and its properties 
What is a document? Swanson and Culnan (1978) defines it as follows: 

'A document is an ordered set of recorded visual images constructed so as to 

communicate as a whole. Examples of documents are: this article, a book, a 

motion picture film, a bank check, an engineering drawing, and a musical 

score". 

Even such a general definition has excluded non-visual data such as pure sound 
data and it is still not clear what a document is. In order to fully understand 

"document", we will, instead of giving a definition, look at its various properties. 

Based on the observation, we then build the model of documents. 

6.1.1 Document properties 
A document has the following properties: 

98 



Identity property: a document is uniquely identifiable. The location, title or 
some other information about the document such as the author or year can form a 
unique identifier (ID) that can be used to represent the document. For example, 
when a document is a file, the file name forms the ID. Once we know the ID of a 
document, we can recall and manipulate it. 

Presentation property: a document has a look and feel and must be presentable 
to its users, either in visual forms, sound, or touches. Most documents are still in 

Printed form and presented to the users as visual effects. 

Representation property (Medium): a document must be recorded on some 
medium in a certain format. Electronic form representations include texts, 

images, graphics, video, or sound. 

Composition property (logical components): a document consists of several 
logical components. A logical component can be an element or references to 

another document. An element is identifiable and locatable within the document, 

representable in the system and presentable to the users. 

The components of a document can be structured sequentially, hierarchically, or 
networked. The advantage of sequential organisation is its simplicity. The 

disadvantage is that at any point only the immediate successor of the current 

component can be accessed. The contents of a printed book, for example, are 

organised sequentially. Hierarchical representation of components is a step 
forward from sequential. It allows several components to be accessed from one 

point. The GOPHER menu is a hierarchical document. Each menu presents 

several menu items any one of which can be selected. Networked organisation is 

the most sophisticated. Hypertext documents follow the networked compositional 

model. The advantage of the networked model is the flexibility of accessing the 

components. In an hypertext document, for example, components of a document 

can be accessed dynamically by following hyper-links. 

Description property: the properties, or at least some of the more important 

properties, of the documents are describeable through a certain language, such as 

SGML or a program. The description can be part of the document itself as is the 
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case with SGML or ODA, or can be outside the document as is the case with 
most DIP (document image processing) systems. The advantage of separating 
description from the actual document is its simplicity. In many DIP systems, 
documents descriptions, such as which page follows which one, is hard-coded in 
the DIP program. The document is only meaningful in such a context and can not 
be simply moved to a different system. The object-oriented philosophy is to store 
descriptions with the actual data. Most compound document architectures, such 
as the RTF from Microsoft, follows this principle. 

The above document properties are inherent properties and their relationships can 
be modelled by Figure 18. As shown in the diagram, it is the "presenter" that 

presents the document to the users. 

USERS 

Presentation 

Presenter 

Description Composition 

Representation 

Figure 18 Document properties 

In addition to the properties listed above, we can find more document properties 

from the point of view of the environment from which documents are produced 

or used. 

Reference property: it is useful to distinguish between documents and 

references to a documents. A document contains the actual information. A 

reference to the document is a unique identifier from which the document can be 
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located. A reference can be a full file path name representing a UNIX file, a Web 
URL consisting of a host IP address and file path, or a document ID within the 

context of this research. 

It is important to note that although one physical copy of a document can only be 

put at one physical location, many references to the same document can be stored 
in different places. A subject index contains references to a set of documents. An 

author index again contains references to the same set of documents. 

Some documents may contain only references to other documents. Such 

documents are used as pointers to foreign databases. We will discuss this in detail 

in next chapter. 

Heterogeneous property: a variety types of documents including texts, images, 

and multimedia document will be used in an electronic library environment. It is 

not right to assume that documents are in certain given formats such as text, 

RTF, or TIFF. The document architecture should be left open. 

Variant length property: within a document, nothing is of fixed length. Neither 

the author, title, nor the real contents of a document should be of fixed length. 

Data models which assumes that documents can be represented in fixed length 

records, are not suitable for storing documents. 

Context sensitive property: the same word or symbol can have different weight 

and meanings in different context. Words occurring in the title are apparently 

more discriminative than words appearing in the contents. 

Abstraction property: a document can be viewed at different level of details for 

different purposes. Sometimes a user may only want to read the abstract of a 

document, at other times he may need the full document. An on-line catalogue 

record is an abstract description of a document containing the skeleton of a 

document such as the title, author, and keywords etc. Some on-line catalogues 

also contain the abstractions of documents which are at a more detailed level than 

just record. 
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6.1.2 The abstract document 
Based on the above observation, we define an abstract document called 
AbsDocument to capture the properties. Clearly an AbsDocument must have an 
ID. Operations on AbsDocument are defined as: 

1. Define: Defines the document components. This defines an AbsDocument type 
or template. For example, the users may define an AbsDocument "Book" with 
the components "author", "title", "contents" and so on. 

2. Create: Create an AbsDocument with a unique ID. Creation is based on the 
document template defined above. 

3. Build: This operation defines the procedures for building an document. 

Because documents are of an heterogeneous nature, the building procedure varies 
depending on the representational and compositional properties of the documents 

defined in the document template. 

4. Display: Shows a document on the screen. Again, the procedures for 

displaying a document differs with different document representation. 

5. Destroy: destroy an AbsDocument 

6.2 Identifying logical components by using marks 

6.2.1 The marking concept 
Documents are heterogeneous as discussed in the previous section. There is no 

single document format or structure that can be used to represent all the 

documents a user is likely to encounter. When a document, whichever format or 

structure it may have, first enters an electronic library, its logical components 

must be identified. The CoBroSe approach discussed in the previous chapter is 

based on structuring the logical components of documents. In this section, we 

propose a mechanism, called mark for such purposes. 

People attach marks to objects to add new information to the objects in daily life. 

Marks can be used for identifying objects. Marks can also be used for identifying 

Properties of objects. Bold fonts and bright colours are marks for important 
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information in printed materials. The idea is to recognize the interesting 

components of an object and mark them for retrieval purpose. 

Two types of marks can be used for marking documents. The first type, called 
Type-I marks, is marks like "author", "title" which mark an attribute of the 
documents. This kind of marks is used for recognizing the logical components 

and structures of the documents. The second type, called Type-II marks, are 

marks like "my note", "importance to me" which do not exist in the document 

itself. These are user defined marks which can have specific appearances and 

meanings to difference users. 

A mark is a type or class not a specific value. A mark has a name, a presentation, 

and a domain from which the values are drawn. For example, A type-I mark for 

the title attributes may have the name "title", look like 
Mand 

has the domain 

of all strings. By highlighting a piece of text (the title) of a document and 

clicking on the "title" mark, the piece of text is marked as the title of the 

document. A type-II mark for document privacy may have the name "private", 

look like Imo, and have the domain of {true, false). If a user selects "true" value 
for the mark and attaches it to a document, the document then becomes private. 

A mark is not an attribute of the document but is used for recognising document 

attributes (or components). In data modelling an attribute is a value representing 

a property of an object. An object is defined and represented by its attributes. 

This is very suitable where object attributes are clearly identified such as in the 

case of SGML documents. In document processing, especially in a personal 

information environment, such is usually not the case. A PC user is likely to face 

various types documents in different formats. It is impossible for a computer to 

tell what is the author or title from a text file. Marking is thus needed for 

recognising the logical components of the documents. 

The marking concept is very similar to that used in SGML but is used for 

different purposes. Marks are used for visual retrieving purposes in this research 

while SGML uses marks for representing and describing the logical structures of 
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the documents. All SGML marks can be used as marks in our context but visual 
marks, such as the images above, are not SGML marks. 

6.2.2 The abstract mark 
As with the abstract document, the marking concept can be abstracted as an 
AbsMark. We will use a stright foward C++ like meta-representation to represent 
the AbsMark concept. 

AbsMark ={ 

icon; 

class attribute { 

name; 

dataType; 

treeType; 

{ 

Operations: 

H The appearance of the mark; 

// The attribute which the mark represents 

// Attribute Name 

H data type of the attribute 

H Which type of abstraction tree to construct 

Create a mark: create an instance of this mark 

Selected: this mark is selected to be the current mark 

Destroy a mark 

} 

6.3 Data models for document management 
Three basic document models, the free-text model, the document image 

Processing model, and the hypermedia model are often employed by existing 

electronic libraries. In the free text model, a document is a piece of text which 

can be identified, indexed, and presented. WAIS (Lincoln 1993) falls into this 

category. In the DIP model, a document is a sequence of pages with each page 

represented as a bit-mapped image file. Text can also be attached to some or all 
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image pages for indexing and searching purposes. MERCURY (Mercury 1992), 
ELINOR (Appendix I) and several other electronic library systems fit into this 
document model. The third document model is the hypermedia model. The 
Dexter hypertext model (Gronbaek 1993) is the most widely accepted reference 
model. All WWW virtual libraries fit into this model (Berners-Lee 1993). New 
document models, such as the HyTime (Newcomb 1991) document model, are 
also being developed. 

The relational data model dominates today's data processing world. 
Unfortunately, the model is not so suitable for document management. First, the 
relational model does not offer a sufficiently rich conceptual model for problems 
that do not map on to tables in a straightforward fashion, as many have noticed 
(Pecham 1988). This is the case with documents. The rich semantics of 
documents, such as the various IS-A trees we constructed in the previous chapter, 
is simply not possible to be expressed in a relational model. Secondly, tables in 

relational models have fixed number of fields and each field is of fixed length. 
Documents, however, are less structured. Not all the documents will have the 

same logical structures and few documents properties can be expressed in fixed 
length strings. 

What about the various semantic models as discussed in the literature (Pecham 

1988, Hull 1987, Burt 1990, Venkatraman 1995)? Semantic data modelling is 

concerned with representing the various abstractions such as IS-A and IS- 

INSTANCE-OF between types of objects. The focus is recognising object types 

and the static semantic relations which exists among the object types. In our case, 
document is the only object type. Abstraction exists among different subsets of 
documents and is dynamic. 

The CoBroSe approach as discussed in the previous chapter is based on the 

structuring of domain specific concepts. Abstraction is the only mechanism for 

structuring the domain specific information. 
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6.4 Formalization of CoBroSe 
Central to the CoBroSe approach are the various domain specific IR-IS-A trees 
such as the subject trees, title trees, keyword trees, and content trees. It is 
important that we investigate the IR-IS-A relationship a bit further and use 
mathematical terms to express it. 

In semantic data modelling (Pecham 1988, Hull 1987, Burt 1990, Venkatraman 
1995) and object-oriented analysis (Rumbaugh 1991), IS-A relationship is 

usually defined between two concepts representing types of objects. Recognizing 

the types, or classes of objects and their relationship is the main concern. For 

example, Salesman and Person are two types of objects and Salesman IS-A 
Person. If we look at the intension of those concepts, we can find that set theory 
is actually behind it. Both Person and Salesman represent sets of objects and 
Salesman IS-A Person because any member of Salesman is also a Person. 

Definition 1:. Let A and B be two sets. We say A IS-A B iff for any a in A, a is 

also in B, that is Va e A, aeB 

This definition essentially tells us that A IS-A B is equevlent to A is a subset of 
B, or"AIS-AB=ACB". 

Now return to our focus -- constructing the IR-IS-A tree. We firstly note that 

each node in the various trees is a set of terms. A term is a word or phrase 

representing a concept. A keyword is a term, a subject is a term, so is a title 

word. Secondly, every term corresponds to (or is contained in) a set of 
documents in the document database. For instance, a keyword term 

corresponding to all the documents containing this keyword; a subject term 

corresponding to all the documents under such a subject. This correspondence 

can be thought of as a mapping which maps each term to a set of documents. 

Definition 2: Let T={ tj, t2, t3, ... tt 
} be all the terms of a document attribute 

and D={d1, d2, ... dd} be all the documents. We define a mapping doc from the 

power set of T Power(T) to the power set of documents Power(D) as: 

1. doc({}) =D 
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2. doc({t}) is all the documents corresponding to the term t 

3. doc({tl, t2, .., tt}) = doc({t1}) n doc ({t2}) n .. n doc({tn}). where n 
is the intersection operation 

The mapping "doc" defined in definition 2 maps the an empty term set to all the 
documents. The more terms a set contains, the smaller the document set it maps 
to. 

Definition 3: Let Ti and T2 be two term sets. We say Ti IR-IS-A T2 if 

doc(T 1) IS-A doc(T2). 

Definition three captures the essence of the IS-A relationship in the information 

retrieval context. As we mentioned before, IS-A in semantic modelling and OOA 
is more concerned with object types or classes and the semiotics of the objects 
within a type is characterized by the type itself. In information retrieval, however, 

the meaning of terms depends on the document containing the terms not the term 
themselves. For example, the term "information" and "sky" may well correspond 
to the same document sets in a particular database such as the one shown in 
Table 3. There is clearly no IS-A relationship between {"information"} and 
{"sky"}, but from the point of view of information retrieval, the two term sets 
should be equivalent because they retrieves the same set of documents. 

We must point out that JR-IS-A relation as defined above depends on the 

semantics of the doc function. Similar to the matching functions in information 

retrieval, this mapping function can be changed to suit different attributes of the 
documents. 

Several points must be made about the IR-IS-A relationship. First, unlike IS-A 

which is a partial order, the IR-IS-A relation is not a partial order. That is, if Ti 

IR-IS-A T2 and T2 IR-IS-A TI, Ti does not necessarily equal T2. The 

{"information"} and {"sky"} example above highlight this. Second, IR-IS-A 

may exist between unrelated term sets. For example, the statement { "sky", 

"information") IR-IS-A ("computer") maybe true if all documents containing 

the terms "sky" and "information" also contains the term "computer". 
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Terms Documents d1 d2 d3 d4 

information 1101 

sky 1101 

computer 1111 

Table 3A trivial document database and terms 

Theorem 1: Let TI and T2 be two term sets. If TI IS-A T2, then T2 IR-IS-A Ti. 

Proof: Because Ti IS-A T2, from definition! we have TI c T2. We can write 

T2=T1 v T' for some term set T'. So doc(T2) = doc(TI u T') = doc(T1) n doe 

(T') c doc(TI). According to definition3, we get T2 IR-IS-A Ti. 

Theroem 1 and definition 1 together state that we can construct an IR-IS-A tree 

purely according to set inclusions c because AcB means A IS-A B which in 

turn means B IR-IS-A A. For term set T= {tl, t2, t3}, the IS-A and IR-IS-A 

relations are shown in Figure 19. It is easy to show that both structures are 

lattices (Kolman 1987). 

{tl, t2, t3} {} 

{tl, {t2, t3} {t {t2} {t3} 

ti, t 

ti) {t2} {t3} 

tt 

IJ2} {tl, 0} {t2,0 } 

{} {tl, t2, t3} 

Figure 19 a>. IS-A Lattice b>. IR-IS-A Lattice 
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From the above discussions we know theoretically that a lattice of Figure 19b 
represents an IR-IS-A relationship on the term sets (not necessarily complete) 
and this IR-IS-A relationship can be easily obtained by set intersections. 

Now how can we get the various trees from the lattice in Figure 19b? We note 
first that the various abstraction trees are dynamically constructed. The user 
browses a tree from the root and the system shows the second level nodes. The 
user then select one node form the second level and the system shows the third 
level nodes for the selected nodes. It is apparent that the trees we were discussing 
are part of the lattice in Figure 19b. 

6.5 The IR-IS-A trees 
In the previous section we established the theoretical foundations of the IR-IS-A 
trees. In practice, the tree must contain more information thanjust the IR-IS-A 

relationship. In addition to showing each node as a pure term set, we would like 
to show the documents related with each tree nodes too. The documents related 
to each node can help the users to decide which branch to browse. We would like 
the trees to be similar to the tree shown in Figure 20. The internal nodes of the 
tree, represented as ovals, are term sets as discussed in the previous section and 
the leaves, represented as squares, are documents related to their father term set 
nodes. An arc between the internal nodes is a IR-IS-A relation and is obtained by 

using set intersection operations as discussed in the previous section. An arc 
between an internal node and a leaf node means "consists of'. Some internal 

nodes can have both leaves and internal nodes as their children and some internal 

nodes may not have any child. 

Each internal node in the tree represents a term set and corresponds to a set of 
documents. The whole document set a node corresponds is all the leaves of the 

subtree in which the node is the root. A node in the high level of the tree 

represents a more common concept and corresponds to a larger document set, 
and a node in the lower level represents a more concrete concept and corresponds 
to a smaller document set. The root corresponds to all the documents in the 
database and an internal node without leaves corresponds to no document. 
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" Document Set 

  Document 

Figure 20 Tree representing the "contained" relation 

6.6 Summary 
Documents have many properties which call for special treatment. Any 

information retrieval methodology and data models must take into account those 

properties, especially the composition, abstraction, and heterogeneous 

properties. 

We listed and discussed various document properties. An abstract object which 

captures all the major document properties is then identified and discussed. An 

abstract object called AbsMark is then proposed for recognizing document 

logical components. We then formalized the "IR-IS-A" relation and established 

the theoretic foundation for CoBroSe. 

In the next chapter, we are going to discuss the users issue of the electronic 

libraries and find out how the users' needs can be met. 
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7. An Adaptive User-centred Model for the 
Electronic Libraries 

How do the users conceive an electronic library? What they want from 

it? Different users with different background at different times in different 

environment may have different answers. This chapter recognise this 

changing features of user requirements. Based on literatures and 

common sense assumptions an abstract list of requirements is drawn. An 

adaptive user-centred system model which takes into account of the 

changes of user requirement is then proposed and discussed. 

7.1 User modelling 
Finding a reference manually in a familiar and well-organised library is easy. 
Finding a reference manually in a new but well-organised library can be difficult. 
But finding a reference manually in a new and badly organised library can be a 
nightmare. By and large, two facts determine how easily we can find a document: 

how information is organised in the library and how close it is to the library 

models in our mind. Knowing the models in the users' mind is clearly very 
important for developing electronic libraries which suit the users. 

User modelling is concerned with gathering information about the users of a 

computer system and using the information to provide services or information 

adapted to the specific requirements of individual users. In information science, 

modelling users is also termed "user study" which focuses on some aspects such 

as the "information-seeking behaviour" or "information needs" of the users. 

However, Dervin and Nilan in a review of research into information needs and 

uses found that most studies remain constrained by the systems definition of 

needs with the menu of responses coming from the system view of the world and 

not the user (Dervin 1986). McTear also noticed the semantic difference of the 

49 user modelling" in different context. In HCI, user modelling is more concerned 

With the cognitive style and personality factors. In AI, user modelling is mainly 

ill 



concerned with developing systems that can automatically construct a model of 
users as they interact with the system. With software designers, user model 
usually means their assumption about the users of the systems such as their 
knowledge level about the system (McTear 1993). 

The acquisition of the user models of a system is a difficult task. One reason is 
that there is usually a variety of users of a system each with different objectives, 
backgrounds and preferences. The second reason is that user models tend to 

change with many factors such as the knowledge of users. Many researchers are 
sceptical of the worth of user modelling because of its difficulties. They believe 

that cost benefit ratio for user modelling is much too high for the time being 

(Chin 1993). 

However the greatest problem of user modelling in the author's view is its 

system dependency. User modelling models the behaviours of users using 

existing systems rather than the systems to be developed. This leads to three 

serious problems. The first problem is that such user models generally only 

reflect a particular system implementation not system functions in general. For 

instance, a user model based on one particular free-text system only reflects the 

users' behaviour and preference in using that particular system not free-text 

systems in general. Free-text system implementations can be very different both 

in system functions and in user interfaces. Users using a free-text search system 

with built-in relevance feedback will behave differently when using systems 

without relevance feedback search. The second problem is that user models 

change with systems. Before a stable user model can be obtained the system may 
have been upgraded, which happens quite frequently with information systems 

today. The third problem is that it is impossible to model users when a system is 

still under development during which period a user model is urgently needed. 

This is a dilemma. We would not have a good electronic library system without a 

good user model, and we would not have a good user model without a good 

electronic library system. 
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Despite of the difficulties and scepticism, many researchers are still active in user 
modelling and user studies (Chin 1993; Benyon 1993). Most researchers focus on 

some aspects of the users. For example, Kuhlthau's user model (Kuhlthau 

1991; Kuhlthau 1995 ) of information seeking is based on philosophical theory 

and is a five stage process. Ellis investigated the users' information seeking 
behaviours in terms of procedures the users may take (Ellis 1989). There are also 

many system dependent user studies. The CORE project (Egan 1991) conducted 

a user study on chemistry students using three systems. Wu (1994) did a user 

study on the ELINOR electronic library. Chen (1991) did a interesting study on 

the searching strategies of users. Rada studied the users' reactions to searching 

and browsing in hypertext (Rada 1992). 

7.2 The user model and the electronic library 

In this research, we are more interested in the system designer's model of users 

than the AI or HCI sense user model which aims purely at modelling users' 

behaviour or working styles on a given system. We face modelling the behaviour 

of the electronic library which does not exist as yet. We are thus more interested 

in the "system designer's model of users" with the objective of building the 

electronic library system. We are concerned with the overall requirements and 

behaviour of users as a whole not the behaviour or styles of individual users. 

The user model in our context is thus more about user requirements with some 

emphasis on building more adaptive electronic libraries which can cope with the 

changes of user requirement and behaviours. We start our user model by 

examining the result of user studies of others. Then we propose more common 

sense assumptions on user requirements including the services, functions, 

conventions, and constraints the users want an electronic library to have. 

The objective of user modelling in our context is to build an electronic library 

model which matches it. The relationships between users and the electronic 

library is shown in Figure 21. We treat users as part of the electronic library. The 

users interact with the electronic library through the user interface. Our objective 

of modelling users is to determine the user interface. 
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7.3 The general information seeking behaviours of users 
Users' information seeking behaviour is almost always frustrated in some degree 

by the division between the meanings embedded in information systems and the 
high personal meaning of the information seeker's problem (Wilson 1994). This 

reflects the fact that information is not data or document itself but depends on the 

receivers as well. Kuhlthau calls this "frustration" uncertainty. 

Ellis (1989,1993) focuses on the procedural aspects of information seeking 

behaviour of the retrieval system interaction, especially on how researchers 

interact with information sources. Forty-seven social scientists were interviewed 

by asking them to describe their work and activities which might have 

information components. Users' information searching pattern are then broken 

down into their basic behavioural characteristics. Six general characteristics were 

recognized: 

1. Starting: to start a information search, citations or references with seemingly 

the same subjects are consulted. 

2. Chaining: follow up reference cited or find more citations from material know. 

3. Browsing: Looking through contents pages and abstracts. 

4. Differentiating: Using differences between sources as filters on the nature and 

quality of the material examined. 
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5. Monitoring: Maintain awareness of the field through the monitoring of 
Particular sources. 

6. Extracting: Systematically working though a source to locate material of 
interest. 

Kuhlthau's model (1991,1995) of information searching is based on 
philosophical theory and is a five stage process. The model incorporated three 
real human experiences: the affective (feeling), the cognitive (thoughts) and 
physical (actions) within each stages. Table 4 is a summary of the model. 

Task Initiation Selection 

Feeling Uncertainty optimism 

Thought Vague 

Actions Seeking relevant 

Exploration Formulation Collection 

confusion clarity sense of 

frustration confidence 

doubts 

Presentation 

exploring I Information 

focused 

pertinent 
Information 

Table 4 Kuhlthau's model of information searching 

" Initiation: when a person first become aware of lack of knowledge or 

understanding, feeling of uncertainty is common. 

Satisfaction o 
disappointed 

" Selection: to identify and select the general area or topic to be investigated or 
the approach to be pursued. A brief sense of optimism often come after a 

selection has been made. 

" Exploration: confusion/frustration increase as what to look for and how to use 

the information searching instruments. 

" Formulation: Focus starts to come. 

" Collection: gather information pertinent to the focused problem. 

" Presentation: complete the search and resolve the problem. 
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Although Ellis and Kuhlthau's models are very general, we can see at least that 
the information seekers will need the support from an information system in 

order to initiate it, explore or follow clues (chains) in the database, and to select / 
collect pertinent information from it. 

7.4 User needs in the electronic library context. 
Several user studies, most of them taking the form of interviewing, have been 

carried out on different information systems. The Mercury project (Mercury 

1991) conducted a series of "market research" studies by using statistics obtained 
from others, by interviewing, by the focus-group interviewing, and by 

questionnaires. General questions concerning the electronic library systems 
include system functionality, performance, platforms, user interfaces, searching 

methods etc. Seven focus-group interviews (or group discussions) were 

conducted and the result of their preliminary research is listed bellow: 

'Electronic library functionality: All participants wanted as much functionality 

as possible and printing of documents was of paramount importance. The feature 

to forward articles to other people is also desired by all. 

'*Performance: 30 seconds wait for first page and several seconds for subsequent 

pages. 

*User Interface: All think it important and should use graphics where possible. 

"Platforms: PC access 

*Searching: Limiting search by range expected by all. Sophisticated search 

wanted more by information specialist. 

The CORE project (Egan 1991) conducted a very useful user study on chemistry 

students for searching 1068 articles (4100 journal pages). Five tasks ranging from 

browsing, searching, citation, and essay task were given to 36 students to be 

carried out on three different systems. The first system is the traditional printed 

index and paper form journals. The second system is SuperBook, a hypertext 

browser with searching facilities. The third system is Pixlook, an ordinary free- 
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text system with image displaying facilities. The 1068 articles are stored 
electronically as ASCII text with manually extracted graphics as bit mapped 
images. The conclusion were 1. Electronic systems had a large advantage over 
the printed systems for searching and essay tasks. 2. Hyper text system is the best 
for browsing with printed book in the middle. 

The ELINOR electronic library, as discussed in Appendix I, had done a similar 
user study with similar objectives as CORE (Wu 1994). The general result is that 
searching/fetching an electronic book is quicker and more accurate while 
browsing through a printed book is more comfortable and quicker than browsing 

through the electronic image pages. The reactions to the system in general are 
good. 

Chen did a user study on searching strategies on 34 subjects (Chen 1991). He 
found that browsing were used more often than searching by the users. 

The four user studies suggest the following: 

" The electronic library should provide as much functionality as possible 

9 The electronic library should use graphical user interface where possible 

0 Browsing is crucial for electronic libraries 

7.5 More facts and assumptions on users 
As with any system requirement analysis, the more factors that are considered, 

the more accurate the analysis tends to be. We make more observations on users 

and their requirement on the system. We list facts as well as assumption on users 

all under the heading assumptions: 

Assumptions about services: 

1. Most users are just concerned with a portion of the electronic library database 

not the whole. The system should guide them to the part they are interested in. 

2. Many users have their own way of classifying documents. Some prefer 

alphabetical ordering, others prefer classification by subject, still others may 
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use both subject and author classification. The electronic library should be able to 
be tailored by the users. 

3. Many users would like their own document collections. Documents in the 

personal collections of a user are either read or recommended by someone 
before and are liked by the user. It should be very easy for the user to find any of 
the documents in his own collections by his own classification method. 

4. Many users want their working environment to be integrated. They want e- 
mail, word processing, fax and phone all to be integrated with the electronic 
library. 

5. They want hypertext and quick response. 

6. A new book notice service will be welcomed. Once a new book arrives 

relevant readers should be notified. 

Assumptions about management requirements: 

1. Security control is necessary. Unauthorised persons are not allowed to access 

some collections. Some collections will have only a limited number of 

concurrent users. 

2. Tracking and billing must be supported to make the electronic library 

commercially usable. 

3. Inter-site searching and browsing is important. They should be able to know 

whether they are accessing local or remote information. 

Assumptions about user's style: 

1. Users would want their privacy to be protected. 

2. They want to be able to customise their own windows' look and feel. 

7.6 The adaptive user-centred model 
If change of user model is natural and often, how are we going to cope with it? 

Let us firstly have a look at what makes the changes. One type of change is the 
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user requirements change which happens whenever there are new functional 

requirements or when the users are not satisfied with the existing system. For 

example, users may want their own collection management facilities. The second 
type of change is because the system changes itself, possibly with enhanced 
functionality and performance, and the users will have to follow it. In that case, 
the new user model is likely to be different from that with the old system. 

To cope with change of user model, there are accordingly two ways: change the 

system or be adaptive to change. Changing the system can be very painful with a 
huge system like an electronic library. It not only gives trouble to the system 

developers, but more importantly gives troubles to its end users. It is essential 

that the user interface part is kept stable whatever other changes are made to the 

system. The author believes that being adaptive to change is the best philosophy 

and should always be considered as the first choice. 

We adopt a user-centred model for the electronic libraries as shown in Figure 22. 

At the centre are the users. We build around the users a layer that is adaptive to 

changes of user requirement including adaptive viewing, adaptive style, personal 

collection and adaptive functions. We next provide support for the four adaptive 

components by the next layer which includes a standard graphical user interface, 

electronic library facilities, and electronic library tools. At the very out layer is 

the electronic library system itself providing basic functions for all the inner 

layers. The electronic library tools, such as simple API, are for the readers to 

build their own functions, once such needs arise. The electronic library facilities 

provide more general functions, such as user style customising functions, so that 

each user can tailor his own views. The standard graphical user interface is the 

user interface the electronic library provides for everyone without any changes. 
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Graphical User 

Adaptive Adaptive 
viewing Style 

Personal Adaptive 
Collection Functions 

Tools 

9 EL SvI 

Figure 22 The user-centred electronic library model 

7.6.1 Adaptive functionality 

The electronic library systems should provide tools for accessing the general 
functions of the system for the end users to extend the electronic library's 

functionality. No electronic library can provide all the functions that all users will 

need. By providing tools such as API, the functions of electronic library can be 

enhanced by the end users. For example, users can use the API to integrate their 

e-mail service into the electronic library. 

Providing tools for accessing basic electronic library system functions makes the 

system more open and an open system is more likely to survive. 

7.6.2 Adaptive viewing 

Viewing of the electronic library concerns the scope, structure, and contents of 

the part of the electronic library that can be seen by a user. Most readers are only 

concerned with portions of the electronic library that are closely related to their 

subjects of interest. A person interested in networking would not want to see the 

portion of electronic library that stores chemistry data. This is the scope of view. 

The structure of the view is concerned with the ways in which the electronic 
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library is viewed. Sometimes people want a hierarchical subject-based view, at 
other times people want an alphabetical order of the authors, but a black box 

view is nearly always needed in which the readers just issue searching 

commands. The contents of the view are the documents being seen by the users. 
Two readers with the same scope of view may have different contents. The 

content of the view is also influenced by the access right. Some materials may be 
intentionally hidden from being seen by some people for management reasons 

and those people would not be able to see the contents of the document. Title and 
descriptions of un-subscribed new books, for example, can be seen by the readers 
but the contents are not viewable. 

The electronic library provides facilities for the users to set up their individual 

views of the electronic library as shown Figure 22 

7.6.3 Adaptive collection (or personal collection) 

Personal collection has two meanings in our context. Logically it means the 

collection of materials a person holds. The person can organise the collection in 

whatever ways he likes. He can make marks on the material, organise the 

materials according to time of publication, time when read, or other ways. 

Physically, the collection is just references to the electronic libraries. Each 

collection is just a set of references to the actual electronic library so that 

materials are not duplicated and the integrity of electronic library is maintained. 

Personal collections can be very useful. A reader can make notes while reading 

and arrange the notes with the books in his personal "reading" library. New 

books recommended by friends or publishers can be arranged in another "new 

books" collection. 

As long as facilities are provided for the readers to make their personal library, 

the function is adaptive by default. The readers will adapt their reading 

environment and make changes to it. 
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7.6.4 Adaptive style 
Most readers have their own personal styles when using an electronic library. 
They want to use a font most suitable for their eyes and a layout of display which 
they prefer most. Some readers may also want to use their own favourite icons 

instead of the system provided ones. 

7.7 Summary 
Several user studies have shown that an electronic library system should have 

rich functions, good user interfaces, and should provide good support for 

browsing. Researches have also shown that user models are dynamic and 

changing. To cope with the changes, an adaptive user-centred electronic library 

model is proposed. By providing adaptive functions, adaptive views, adaptive 

collections and adaptive styles, an electronic library system will be able to cope 

with the user model changes in a certain degree. Such an adaptive principle is 

used in the personal digital library design discussed in the next chapter. 
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8. Inter-operability: the Client/Client Solution 

Inter-operability was recognized as one of the top obstacles for digital 

libraries by several leading computer scientists including Aho in a panel 
discussion on ADL95 (Adam 1995). It would be a waste of resources if 

one digital library can not access the others because they are not inter- 

operable. We look in this chapter the problem of inter-operability and 

some solutions to it. A client/client solution, which bridges the clients on 

the user's workstation, is proposed. A simple client/client protocol for a 

personal digital library system is presented. 

8.1 The inter-operability problem 
Most information retrieval systems today are client/server systems in which users 

and their workstations act as clients and the searching engine acts as the server. 
The client accesses the information stored on the server by sending requests to 

the server which processes the requests and sends the result back to the client. 
The client/server architecture has several advantages over file sharing. First, 

client/server architecture is a very natural way of dividing responsibilities. The 

clients do not care where and how the actual information is stored. The 

information may be stored locally or far away, distributed or central. These are 

the responsibility of the servers. The clients just issue requests asking the server 

to get the required information and focus on presenting the information to the 

users. Secondly, the client and server are collaborating to achieve a common 

goal. The servers are aware of the application and can handle errors and other 

application specific information at application level. Third, the client/server 

architecture reduces network traffic and improves system performance. Because 

only requests and results are sent over the network not the full database as in the 

case of sharing, network traffic can be reduced considerably. Also, because 

functionality is distributed over both the client and server, system response can 

be quick. An experiment with the ELINOR electronic library shows that 
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accessing a document on a 486 PC client is faster than accessing it directly on the 
RS6000 server. 

Inter-operability of two information retrieval systems refers to the problem 

encountered when accessing one system from another. One type of access is 

using the client C. of system A to access the server Sb of system B. The other 
type of access is accessing the server Sb from server S. When the two systems 

are incompatible, accessing causes problems at various levels. At the application 
level, the two systems organize data in different ways and using different 

conventions. Even if the two systems use the same system software, interpreting 

the semantics of data can still be a problem. At the system level, the two systems 

are different in design and implementation. The data models and functional 

models of the two systems may be completely different which makes it 

impossible to transfer data between the two systems without conversion. The 

differences in data model and functional model also call for different information 

retrieval protocols which prohibit one system being directly accessed by another. 

Weisgerber (1993) listed many inter-operability problems which happen at both 

application and system level. At application level, there are problems such as 
duplicated coverage of databases, inconsistent citation information (for example, 

the different conventions in the arrangement of author names ). At the system 
level, there are problems such as different command language for searching and 
browsing, and inconsistent file organization which prohibit copying of databases. 

Inter-operability at application level is best left to the users to resolve, although it 

is possible to build tools to do conversions, because different applications have 

different characteristics. For example, two WWW servers may organize 

information in different hierarchies and appear to users differently. But there is 

little point to use tools to convert between the two databases just because the two 

are different in presentation. Inter-operability at system level can either be left to 

the users or tools may be used to do conversions. Every Windows user uses many 

different kind of systems most of which are not inter-operable. WWW and WAIS 

for example, are not inter-operable. If there is a converter which interprets WAIS 
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data into WWW presentation, users knowing nothing about WAIS would be able 
to access WALS from WWW. In practice, it is impossible to have one system 
which is inter-operable with all other information systems in a degree that no 
other system client is needed. There are simply too many information systems in 
existence and new systems are emerging all the time. 

8.2 Inter-operability: the protocol solution 
Information retrieval protocols are rules and procedures that govern the 

communications of two partners, the client and the server. Unlike the lower level 

communication protocols which are for general communication purposes, the 
information retrieval protocols are specially designed for searching and retrieving 
information and are at the application layer of the ISO OSI seven layered 

architecture (Appelt & Tetteh-Lartey 1993). Information retrieval protocol 
should not be confused with the TCP/IP protocol on which most information 

retrieval protocols rely on today. The IR protocols usually define services for 

establishing a session, submitting a query, returning the result of a search, and 

closing down a session. 

Let A and B be two information systems. Ca, the client of the system A 

communicates with its server S8 using protocol Pa, and Cb, the client of the 

system B communicates with its server Sb using protocol Pb. The protocol 

solution works by enhancing either the client or server of one system to make it 

understand the other. There are correspondingly two ways to do it. As shown in 

Figure 23, system A can be enhanced either by using multi-protocol to make 

client A "talk" to server B, or by using a gateway at the server end to make 

server A "talk" to server B. 
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The two approaches are further discussed below: 

8.2.1 Using multiple protocols 
If we enhance the client C. of system A to handle both protocol Pa and Pb, then 

Ca can be used for both accessing system A and B. The users of Ca controls when 
to use Pa or Pb. When Pb is used, C. communicates with server B and translates 

the data into the format of system A for presentation. This requires the two 

systems to be similar in data model otherwise there will be a lot of conversions 
for presenting the data of system B. This solution requires changes to the clients 

of the systems. If the protocol of system B changes, the client of system A C. 

will need to be changed too. This is difficult since A and B are separate software 

and the protocol change information may not be available to A. 

8.2.2 Using gateways 
If the two systems are too different, it is usually easier to convert the data of one 

system into another by using gateways at the application level. To allow system 

A to access system B data, a gateway to system B is built. The gateway maps 

data and/or services provided on system B to system A data Db at the server end 

of system A and presents it to the users in system A format. System B is 

transparent to the users and is accessed by the users through accessing the data 

Db in system A. This approach is widely used in building the various WWW 
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gateways. This approach assumes A and B are on the same host so that a certain 
API to B can be used by the gateway. If B is not on the same host of A, building 
such a gateway could be as difficult as re-implementing the protocol of B. If 
system B changes, the gateway will also need to be updated. 

8.3 The client-client solution 
The protocol solutions to inter-operability are based on mapping one system into 

another either at the client or the server end. Because protocols are of low level, 
implement alone of such a solution is usually complicated and subject to changes 
of the protocols and systems. The client/client solution proposed in this chapter is 
based on the observation that most users are using various client software that 

communicates with their corresponding servers. To make system A to talk to 

system B, a possible solution is to make the client of A Ca talk to the client of B 
Cb instead of using the protocol solutions. The advantage of such a solution is 

that it uses existing communication protocols without re-inventing the wheels. 

To explain the idea, lets assume that the electronic library client ELC, a 
Netscape browser, an ELINOR client, and a CD-ROM client software are all 
installed on a workstation as shown in Figure 24. Users use the electronic library 

client ELC to access various information including the electronic library data, 

WWW HTML documents, and references to ELINOR and CD-ROMs. Once a 
HTML text is met, the ELC client instead of trying to establish a communication 

channel to a WWW server, communicates with the local Netscape browser. The 

Netscape browser then takes over all the rest. Similarly once a reference to CD- 

ROM is met, the ELC starts and passes data to the CD-ROM client. The CD- 

ROM client then takes over. This is very similar to launching a "helper" 

application as we will discuss later. 
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The apparent advantage of such an approach is its simplicity. The electronic 
library client ELC needs to know nothing about the protocols of Netscape, 

ELINOR, or CD-ROM. It merely starts and passes the data to the corresponding 

clients and wait for the client to do the rest. Because all the clients are on the 

same workstation and communications between client can happen at very high 

level, this approach is easy to implement and easy to maintain. Changes to 

protocols and systems should not affect the mechanism. The client/client 

approach is universally applicable to all kinds of clients as long as the format of 
the client data is known. There is no requirement that the information servers are 

on the same hosts as with the gateway approach. The disadvantage of such an 

approach is that users will need to know how to operate different client software. 

This approach is an extension to the application launching idea which has been 

used extensively in Windows environment. Netscape, for example, will launch 

the MPEG player program once it meet a document of MIME type 

"video/mpeg". The MPEG player program in this example is the "helper" 

application which helps Netscape to do things Netscape can not do itself. The 

client/client approach however, is more than just a help application. It involves 

more communications between the client and the helper. 
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8.4 Client/client communications 
To understand the interactions in the client/client approach, let us look at a 
simplified situation where the electronic library client ELC only interacts with 
one client, Client X. Figure 25 shows the relationship. We observe the following 

points: 

" There may be many different types of client X. Each client X communicates 

with its server X through a certain protocol. 

" The electronic library client ELC and all the clients are on the same 

workstations. Communication between ELC and the other clients are inter- 

process communications under the same operating system not through 

networks. 

" Users can both interact with ELC and other clients. 

" The communication between ELC and client X will involves the following 

steps: 

Initialization: prepare for the communication 

Connect: connect to the foreign client. If successful, a communication 

channel is established. 

Passing data: passing data to and/or from the foreign client. 

Closing the connection: either communication finished, or abnormal 

situation occurred. 

Inter-process communication under the same operating system is much simpler 

than communications between heterogeneous systems connected by a network. 
Most operating systems, such as UNIX or WINDOWS, provide various inter- 

proces communication mechanisms. Because the two processes have the same 

physical resource spaces, sharing can also be used for communications in 

addition to the message passing mechanism. Clipboard, for example, can be used 
for passing data in the X-Windows or WINDOWS environment. The 
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WINDOWS's DDE and OLE further allows one WINDOWS program to access 
the internals of others. 

Another point to make is the directions of the communication channels. The 

users can both observe and interact with ELC or any other clients. The 

communication channels are bi-directional between a user and any client. The 

ELC can access the other clients but usually not expecting any data back from 

them. The communication is thus one directional. This reflects the fact that after 
the ELC starts and passes data to client X, the users start directly communicating 

with client X. 

Work Station 

Figure 25 Client/Client Communication 

8.5 A simple client/client protocol 
Although client/client communications are at a much higher level, protocols 

defining the rules and conventions of the communication are still needed. As 

with any protocol, the complexity of the protocol depends on the complexity of 

the communication which in turn depends on the complexity of the jobs being 

performed by the communicating partners. In this section, we define a simple 

client/client protocol for the personal digital library system discussed in the next 

chapter. 

130 



A personal digital library (PDL) is an information system storing both local 
documents and foreign documents. Local documents are in internal format and 
can be locally manipulated. Foreign documents can only be processed by the 

corresponding client. The personal digital library stores and manipulates only the 

references to foreign documents not the actual documents. A WWW URL or a 

search term for a specific IR system, for example, is a reference to foreign 

documents. The purpose of the client/client protocol is to allow the personal 
digital library to communicate with various information systems. The protocol 

should be simple to implement and adaptive to changes. 

There are two types of data passing from a PDL to the other clients. The first 

type of data, called locator, is reference or location information which can place 

a client to a given state. A WWW URI-, for example, is a locator because it 

brings a WWW browser to the resources pointed to by the URL. A host address 

and a path of the form /fileroom/drawer/folder/doc is a locator because it will 

place the ELINOR client in the given place. 

The other type of data, called seed, is a search term which when processed 

represents a set of documents. A GOPHER search term "digital library research" 

for example, can be treated as a seed and stored in the PDL together with a note. 

Once the user double clicks on the seed, it initiates and passes the seeds to 

GOPHER and GOPHER will get back the search result. Because a successful 

search term may need several trials searches to get, storing the terms is certainly 

worthwhile. 

When a user clicks on a locator/seed, the following protocol starts: 
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User Action Stage PDL Client Client X 

Click locator/seed initialization Prepare & format data Unknown state 

Activate Activate client X 

Abort session if failed 

Failed or 

Activated 

Passing Data Send data to client X Accept data and process 

Wait for success Wait for OK/Fail Return OK/Fail 

Interact with both Normal Normal Normal if OK 

Initialization: the PDL client prepares for the data to be passed. Client X is in a 

unknown state, either already running or not. 

Activate: activate client X. If client X is not running start it, otherwise get the 
handle of client X in order to send data to it. If activate fails for some reason 

such as lack of memory, the session is stopped. 

Passing data: passing the prepared data from PDL client to client X. 

Wait for success: the PDL client now waits for the result of client X. Client X 

may not be able to handle the data and return a failed status. Once the wait is 

over, whatever the result may be, the session is finished. 

If everything is successful, the users can now interact with both systems. The 

PDL client remains where it was. Client X is now in the state the locator/seed 

specified. The users can do search/browse/seek in both PDL or client X and may 

close any of them. 

Now what are the requirements for the PDL clients and the other clients? Clearly, 

the PDL must be able to store and process data of type locator and seed. The 

PDL must also be able to activate, or launch as called in other context, another 

client. The other client must be able to accept data of type locator and seed and 
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be able to process them. Locator and seed are system dependent and take 
different forms on different systems. 

8.6 Summary 
The inter-operability of two systems happens at different degrees and different 

levels. The protocol approaches bridges two systems by enhancing one system 

either at the client end or at the server end to make it understand the other 

systems. The disadvantage of the protocol approach is its complexity and its 

being subject to system changes. 

The Client/Client approach works by bridging the clients on the same 

workstation. Users can access system B from system A by making the client of 

system A talk to the client of system B. Because the clients are under the same 

operating system environment and the communications happen at a much high 

level, this approach is simple and more adaptive to changes. A simple 

client/client protocol for the personal digital library is also presented. 
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9. The Personal Digital Library 

We have theoretically studied the CoBroSe approach to information 

retrieval and the adaptive user centred model in the previous chapters. 
This chapter presents a practical system, the personal digital library 

(PDL), which incorporates those theories. The PDL is proposed to be an 
integrated information environment for individual information seekers. 
We discuss the reasoning and the design of the PDL in this chapter. 

9.1 What is the personal digital library 
Information seeking is a personalized activity. People tend to organize 
information in their own styles and seek information in their own ways. It has 
long been known that human indexers and searchers do not agree in their 

assignment of index terms, retrieval of relevant documents, or even in judgement 

of relevance (Cantor 1994). The user-centred electronic library model, as 
discussed in the previous chapter, accommodates many of those personalized 

aspects. What we need is an integrated personal information system with a user- 

centred model capable of accommodating the "personalized" things. 

We propose a system called the personal digital library (PDL) to meet such 

personalized information needs. The PDL is intended to be an integrated 

information environment for all individuals with the following characteristics: 

" Adaptive contents: the contents of the PDL can be local documents 

stored on the users' workstations, or references (or pointers) to other 

electronic library databases. The references are either locators which 

locate documents on other electronic library servers, or seed which can be 

used for searching documents on other electronic library servers. Because 

each user has his own database, the contents change with users. 
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CoBroSe: support the interactive CoBroSe approach. The users will be 

able to seek information interactively by browsing IR-IS-A trees which 
expose the term-term associations graphically. Such an uniform multi- 
view browsing approach combines browsing and searching seamless and 
eliminates the problem of search uncertainty. 

" Adaptive style: the look and feel is customizable by individual user. 
Users should be able to decide how their PDL looks and to arrange the 
layout of their PDL at will. This allows users to use the conventions and 
metaphors most familiar to them to organize their information. 

" Integration: an integrated information environment capable of working 

with existing as well as future information tools and data formats. 

The PDL will be based on the PC technology and works under Windows. It will 
allow users to retrieve information stored in the personal collection in their most 
familiar ways. It will also allow documents with very different architectures 

such as HTML, WORD, or POSTSCRIPT to be integrated in the same 

environment. 

Is the PDL characterized above yet another personal information system? Yes, 
but it differs from others. There are three fundamental differences between the 
PDL proposed here and traditional information systems. First, traditional 

information systems are to be used by many users and have to be general enough 
to satisfy the majority of potential users while a PDL is for one user only and can 
be customized to suit the that user best. Second, the PDL supports the CoBroSe 

approach. CoBroSe, which is a combination of browsing and searching, differs 

from existing retrieval mechanisms. Thirdly, traditional information systems are 
to be used only for storing and retrieving information while the PDL is, in 

addition, to be used to work with a whole range of information processing 

activities. For example, when a user retrieves a WWW URL in a PDL, a click 

will load the actual contents from the remote sites. In this sense the PDL can be 

thought of as an integrated information environment. 
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9.2 Building databases for the PDL 
A PDL is a personal information system used for managing all kinds of 
information a person encounters. Like all information systems, there are two 

stages in building a PDL database. The first stage is the planning (or 

customizing) stage. In this stage, a user decides which information is to be stored 

and defines document attributes for the document descriptions. Default 

parameters will apply if a user ignores this stage. The next stage is information 

inputting stage. Once the user finds anything useful or interesting, the 

information is fed into the PDL. This involves marking up the information and 
inserting it into the database. 

Suppose a research student at De Montfort University wants to use the PDL to 

manage all kinds of research references which can be an article about a particular 

subject in text format, a WWW URL, an electronic book stored in the ELINOR 

server, a pointer to a FTP file in a remote site, or just a note about a printed book. 

The first step the user needs to do is to decide which attributes should appear in 

the document description and which IR-IS-A trees should be constructed. 

Suppose the user decides to use a document description containing attributes 

"title", "author", "keyword", and "subject" and decides to use the title, keyword, 

and subject IR-IS-A tree, he first defines four marks for the four attributes as 

shown in Figure 26: 

Name Title 
Type : String 
Semantic Tree Auto 
Icon 

1. -ý 

Name Author 
Type : String 
Semantic Tree : None 
Icon 16 

Name Subject Name : Keyword 

Type String Type String 

Semantic Tree : Manul Semantic Tree Auto 

Icon Icon 

Figure 26 Defining Marks 

Each mark definition associates an attribute name with a data type (string in 

those cases), an icon for graphically representing the attribute, and the IR-IS-A 

tree type. If the type of IR-IS-A tree is "auto", the system will generate the tree 

136 



automatically according to the rules discussed in Chapter 8. If the type is 

"Manual", the users are to construct it manually similar to organizing bookmarks 

in Netscape 2.0. If the type is "None", no IR-IS-A tree will be constructed. Once 

defined, the marks will appear in the mark list. 

Next, attributes are selected into document description. The user can change the 
default settings on the document description. A "DocType" attribute is always 

attached to a document description specifying the type of the document to 

retrieval. Document type can be internal, locator, or seed. The default value for 

"DocType" is all meaning to retrieval all type. The "*" sign above each icon 

means "and" for this attribute value during retrieval. The defined document 

description will be used during CoBroSe. 

After the definition of all the marks and document descriptions, the user can now 

start the information inputting stage. The users' task in this stage is to mark up 

the documents using the defined marks. With plain text documents, the users use 

the standard markup editor for the PDL to do the markup. To mark up a piece of 

text as an attribute, the user highlights the text, and clicks on the corresponding 

mark of the attribute. Once marked, the icon for the mark will appear with the 

marked text. With other document formats, the best way is to embed the 

standard markup editor to the corresponding document editors. For example, the 

markup is bundled with WORD and Netscape. Without the bundling, users will 

need to use clipboard to pass documents to the markup editor. 

9.3 CoBroSe in the PDL 

Once a database is set up, CoBroSe is straightforward. The users will always start 

from a document description he has defined. Figure 28 shows how CoBroSe is 
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done. The top part of the screen is a document description. The "main document 

list" window lists all the documents the description describes. Initially, all the 
documents in the database are listed when the description is empty. 

Title: Author: 

U 
Doc T' 

LJi 

Digital 
Help & 
Statistics Computer 

Computer 
/ 

Library t lardware 

Doc List Sotiwarc 

11" doc name]: short list of contents 
12. doc name2: shor t list of contents 
13...... 
14...... 
15...... 
16...... 

Help & 
Statistics 

Doc List 

Main Document List 

Figure 28 CoBroSe in the PDL 

The users can either enter the values for an attribute in the document description 

or, more conveniently, browse the IR-IS-A trees to select values. For example, 

when the user clicks at the "title" icon in the document description, a new 

window containing the "title" IR-IS-A tree and a "Doc List" will be displayed. 

This "Doc List" lists all the documents the user is browsing with the "title" 

attributes. When the user browses the path "digital" and "library", the term 

"digital" and "library" is selected into the "title" field, and the "Doc List" shows 

all the document with "digital" and "library" in their titles. 

Similarly, when the user clicks on the "subject" icon in the document description, 

a new window containing the IR-IS-A tree for the subject and a "Doc List" will 

be displayed. The users can walk down the subject hierarchy and the "Doc List" 

will list all the documents with the subject area represented by the path of the 
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subject tree. When the user is in the path "Computer" --> "Hardware", the "Doc 
List" contains all the document under the subject computer-hardware. 

The main document list now contains all the documents under the subject area 
"computer-hardware" with "digital" and "library" in their titles. 

The problem of search uncertainty with terms and uncertainty with result set, and 
the problem of query and result set being not in the same level are all gone with 
CoBroSe. Because terms are obtained by browsing the IR-IS-A trees and the 

users can see the "Doc List", users have pretty good idea on what the terms 

represent. We can also see the difference between a document description and a 
query -- the users are more certain about what a document description represents 
than does a query. 

9.4 The architecture of the PDL 
The PDL as discussed in the previous sections is a complicated system requiring 

systematic analysis. The top level functional model is shown in Figure 29. As 

shown in the diagram, there are three major functional components -- the 

database definition subsystem, the CoBroSe subsystem, and the database 

manipulation subsystem. There are also three major types of data on which all the 
functional components works. The "Mark Pool" holds all the defined marks, the 
"DD Pool" contains all the document description, and the "IR-IS-A Trees" are 
the data structures that represent the trees. The DB definition subsystem 

generates mark and document description definitions. The DB manipulation 

subsystem manipulates data according to the marks and document descriptions 

defined and updates the IR-IS-A trees, and the CoBroSe subsystem retrievals 

data based on the document descriptions and the IR-IS-A trees. 
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Figure 29 Functional model of the PDL 

If we look at the system from a different point of view with an object-oriented 

mind, we find the system consists of various interacting objects as shown in 

Figure 30 following Rumbaugh's (1991) convention. The diagram is also 

referred to as a conceptual model, or conceptual data model by various authors. 
Note the difference between this model and the data model in Chapter 6. This is 

the data model for the PDL system while the model in Chapter 6 is a data model 

for the CoBroSe paradigm. 

Most objects, or data types, mentioned previously are in the diagram. We can 

also see the interactions among objects from the diagram. The diagram represents 

the fact that: a document description list (DD List), or document description 

pool, consists of many document descriptions. A mark list (Mark List) consists 

of many marks. Each document description consists of at least one mark. Each 

mark is composed of a document attribute (Doc Attribute) and an icon. A 

document attribute is associated with a term list which is all the possible values 

the attribute can take. A IR-IS-A tree consists of many term sets each of which 

consists of many terms. There is a map from a term to documents. 
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lap 

1+ 
: 1+ DD List(DD Pool) : List of document descriptions 

]: many 
Mark List(Mark Pool): List of all marks 

ý_ 
Term List : List of all data value for the attribute 

Aggregation Container : Contains terms 
T-I) map Term--> Documents map 
AbsDocument : Abstract Document 

Figure 30. The Conceptual Model of the PDL 

We are not going to do any further detailed analysis of the PDL systems in the 

dissertation although further analysis is absolutely necessary for the development 

of the PDL system. The functional model and the conceptual model in Figure 29 

and Figure 30 are enough for understanding how the digital library works. 

9.5 Summary 
The PDL incorporates the major ideas developed in the previous chapters. 

Instead of designed as a client of a particular system, it is designed as an adaptive 

system capable of working with various information systems. The most special 

characteristics is its support for CoBroSe. Due to the scope of the research and 

the amount of work, we can only implement a prototype of the PDL designed in 

this chapter. We will present the prototype implementation and a small user 

survey based on the prototype in the next chapter. 
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10. The Prototype Personal Digital Library 
System and the User Survey 

A prototype Personal Digital Library was built for the Windows95 

platform and a small scale user survey was carried out based on the 

prototype. This chapter presents the prototype implementation of the PDL 

and the user survey. We focus on how the prototype functions and the 

general patterns of user reactions rather than the implementation details. 

10.1 The prototype PDL system 

The prototype system implements the core part of the design of the PDL 

presented in the previous chapters. The objectives for building the prototype are: 

" Test the feasibility of CoBroSe and PDL proposed in the previous 

chapters. 

" Show the basic idea of CoBroSe. 

" Expose both theoretical and practical problems related to CoBroSe and 

PDL. 

The prototype consists of two parts, the database engine and the user interface 

and contains some 8000 lines of Visual C++ code. The function of the database 

engine is to manage the various data and inverted files and to support CoBroSe. 

The engine also provides a simple DOS command based interface for building a 
database. The user interface presents the database and the inverted files to the 

users as IR-IS-A trees. 

10.2 Using the prototype 

CoBroSe is based on the refinement of "document-descriptions" as discussed in 

Chapter 5. In the prototype system, a document-description is represented as a 

142 



set of attributes and their values. Figure 31 shows the main document window of 

the prototype, the upper pane of which serves as the document-description. Four 

document attributes are built-in in the prototype; they are the author, the title, the 

keyword, and the publishing year attributes. 

dit view Help 

zog 

IBM IBM Web Sites http: //www. ibm. com/ -" 

1 
Compaq Compaq Web site http. //www. compaq... 

Microsoft Micrsoft Website htip: //www. micioso... 

TEST Test data file for PDL32 c: \pd132\db\data. txt 

Microsoft CAsyncSocket object cApd132\db\sock. doc 

Microsoft Internet c: \pol32\db\interne... 

(APACHE Apache HTTP Server c: \pol32\db\apach... 

NCSA The Common Gateway Interface c: \pol32\db\cgi. htm 

IBM DB2 WWW Connection Appl. D... c: \pol32\db\db2ww... 

De Montfort The Interoperability problem c: Apol32\dblinterop... 

Research Co... Computer and Network Securities c: \pol32\db\networ... 

Research Co... Creating a Secure Firewall c: Apd132ldb\parta. txt J 

ady 

Figure 31 The main document window 

The user firstly uses the "file" menu to open a database. Once a database is open, 

its documents are listed in the document listing area. Before CoBroSe starts, all 

the attribute fields are empty. This is shown in Figure 31 in which a database 

named "demo. ddb" has been opened. There are 202 documents in the 

"demo. ddb" database. The main window is divided into the upper pane and the 

lower pane. The upper pane is the document-description which consists of the 
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four attributes and their values. The four icons are buttons and can be clicked to 

open browsing windows. The lower pane is the document list area. The icon at 

the beginning of each line in the document list area shows the document types 

(text, HTML, Word, or others). 

Figure 32 shows the "keyword" browsing window which is opened by clicking 

on the "keyword" icon in the main window. The left pane is the IR-IS-A tree 

which represents the IR-IS-A relationship. Initially, no terms are selected and all 

the documents are shown in the right document list pane. A double click on a 

term will make the term selected (turn to red) into the document-description and 

make the result document list smaller. Figure 33 shows when the term 

"networking" is selected. Now the resulting document list contains 39 documents 

compared with the full document list of 202. 

Keywords 

486 system 
accounting 
adapter 
agreement 
application 
at&t 
banking 
board 
bridge 

budget 
business 
buy 

card 
carrier 
cd-rom 
cgi 
circuit 
client 
color 
communication 

IBM 

compaq 

TEST 

Microsoft 

Microsoft 

NCSA 

De Montfort 

Research Co... 

Research Co... 

Microsoft 

ESP Software 

Rothteder Jeff... 

Schares Gail 

Figure 32 The browsing window 
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Apache HTTP Server 

The Common Gateway Interface 
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Computer and Network Securities 

Creating a Secure Firewall 

Visual C++ for Macintosh require... 

display problems 
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The MFC class CHttpConnection 
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c: \pd132\db\apache. txt 
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c: \pdI32\dbinetwork. txt 

c: \pd132\db\parta. txt 

c: \pd(321db\mfc. txt 

c: \pdI32\db\readthis. txt 
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c: \pdI32\db\mfcinet txt 
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. 
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Once a term is selected, a list of IR-IS-A related terms is displayed as its 

children. As shown in Figure 33, the IR-IS-A related terms to "networking" are 
"agreement", "banking", "at & t" etc. Users can then further refine the 

document-description by selecting terms from the IR-IS-A related term list. In 

Figure 34, the term "e-mail" is further selected. This has confined the document 

list to only two documents which are about both "networking" and "e-mail". The 

IR-IS-A related terms are an effective way of filtering information. First, IR-IS- 

A terms are usually much smaller then the whole terms. This makes the selecting 

process easier. Second, selecting an IR-IS-A term is guaranteed to reduce the 

result document set. 

L" netware 

networking --> 39 

agreement 

application 

at&t 
banking 
bridge 

IMF' business 
a carrier 

circuit 

communication 

computer company 

computer graphics 

contract 
database system 
device 
e-mail 

ethernet 
IMP tax 
MP fiber-optic 
IMP ibm 
" industry 
EF information 

integration 

internet 

Greer 

Carlo 

Dern 

Dern I 

Schuk 
ýAockv 

Rocky 

Schult 

Foley J 

Roeck 

Bonafh 

Kdlette 

Doyle I 

Figure 33 Selecting terms 
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Multiple attribute windows can be open at the same time to make more effective 

refinement (or filtering). Figure 35 shows three browsing windows -- the 
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keyword, the publishing year, and the author windows, are open at the same time. 

The selected term in the keyword window is "networking" with 39 related 

documents; the selected term in the publishing year window is "1989" with 140 

documents; and the selected term in the author window is "a*", which means all 

authors with the starting letter "a". The resulting document set which satisfies all 

the conditions in the three browsing windows, is listed in the main window with 

only three documents. 

. 
tj netware author title U0 

networking 'M Rockwell Mar.. Bell Atlantic combines three divisi... c: 1pol321db\zf207-.. 

ff agreement 'TDiDio Laura. &M, TOPS unwraps new InBox E-mail... c: 1pol321db\zf207-... 

application 

atzt 
CIP banking 

bridge 

circuit 
computer graphics 

> contract 
a database system 

-91 computer compan! 
integration 

software 
user 

ethernet 
i fax 

fiber-optic 
ibm 
industry 
information 
internet 
an 

iN 

Figure 34 Refining 

At any time during browsing, the user can look at the actual documents by 

clicking on the documents in the document list. The click will launch the 

Windows associated application for the document. For example, if the document 

URL specifies "http: //... ", the default web browser is launched; if the URL is 
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"path. doc", Word is launched. Figure 36 shows a text document being viewed 

through Notepad by double clicking on the document. 
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Figure 35 Multiview filtering 

The prototype PDL system is a very important part of this research. First, it is a 

working system supporting CoBroSe. It proves that CoBroSe is not just a theory 

and enables us to see CoBroSe in operation. Second, it is very easy to show the 

CoBroSe idea and its advantages by using the prototype. Advantages such as 

visual presentation of database and no search uncertainty are apparent once the 

users use the prototype. Third, it allows us to get feedback from users on 

CoBroSe and the PDL. 
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Figure 36 Viewing documents 

10.3 The user survey 

A small scale user survey with 15 users and a test database of 202 documents 

was carried out. The objective is to test the feasibility of CoBroSe concept and 

the users' reactions to CoBroSe, especially whether users can easily understand 

and use CoBroSe. The following are some of questions we would like to know 

from the survey: 

Is CoBroSe easy to learn and to use? 

How easy is it for a user to understand the CoBroSe concept and process? 

Does it take a few minutes or a few hours to learn in order to use it? 

Does the user understand what is going on in the different browsing windows? 

How easy is it to find information by using CoBroSe? 
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How useful is CoBrSe? 

Is the CoBroSe concept useful for information finding? 

Are users interested in using CoBroSe for their information retrieval? 

The survey environment 

The user survey was carried out primarily at IBM Hursley park. Equipment used 
was a Windows 95 PC with Pentium 120 processor and 16M of memory. The 
test database consists of 202 documents extracted from TREC2 document set. 
The document contents are mainly news paper articles on computers and IT. 
Twelve of the 15 participants are from IBM hursley park. Some of the 

Participants are computer experts. Three participants are students of the 
department of Civil Engineering from Southampton University. 

Survey Method 

The survey was a three step process. The participants are firstly given a brief 
introduction to the PDL and CoBroSe. The introduction tries to explain the basic 
CoBroSe concept and relates it to online catalogue systems. Demonstration is 

carried out during introduction while explaining the concepts. This takes about 5 

minuts. The second step is to let the participants play with the system. Because 

the participant's interests differs considerablly, it is difficult to set up a goal for 

all of them. Suggestions were given as to what a particular participant may want 
to find. The third step is completing the questionaire. The questionnaire and the 

result of the survey are shown in Figure 37. Numbers prefixed with "#" are the 

number of users selected that particular answer. For example, there are 2 people 

ticked "Use very often" to the question "Your computer background". Step two 

and step three together take about 25 minuts. 

During the survey, the actions of the participants are watched. They are 

encouraged to tell their feeling about the PDL and to dicuss any drawbacks of 

CoBroSe and possible improvments. They are also encourage to write any of 

those comments on the questionare sheet. 
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Questionnaire for CoBroSe 

CoBroSe is an interactive information seeking approach in which users obtain information by browsing 
various IR-IS-A trees. Please answer the following questions after you have played with the demo. Thank 
you very much for your time. 

1. About yourself 

Your computer background 
O Never used before 
O Use sometimes #1 
O Use very often #2 
0 Professional #12 

Age group Sex 
® 16-25 #2 0 Male #14 
® 26-35 #8 ® Female #1 
® 36-45 #4 
0 above 45 #1 

2. To which degree do you think CoBroSe is easy to understand and to use 
O Very difficult 
O Difficult 
® Easy #5 
" Very easy #10 

To which degree do you think CoBroSe is useful 
0 No use at all 
0 May be some use 
" Useful for finding information #4 

" Very useful for finding information #11 

4. In addition to searching do you want the on-line system you are using to have 
CoBroSe support as well? 

OO yes #14 

® does not matter #1 

0 no 

5" Which parts of the demo program do you think need improving? 

" The user interface #8 

" The speed 
#3 

" functionality #3 

Figure 37 Questionnaire for the prototype 
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Result of the survey 

Although it is very difficult to draw any conclusion about CoBroSe out of such a 
small user survey with a prototype system, the user survey has turned out to be 

very fruitful -- we not only get users reactions to the existing prototype, but many 
of their constructive suggestions on improving the PDL as well. 

After being explained about the basic concept and seeing the demo, all 

Participants can understand the CoBroSe idea and the PDL. Only one participant 
needed some help during playing with the demo. After playing with the demo for 

a while, they can all find the interested documents. Eight participants used the 

multi-filting facility to get the document quickly. 

All the 15 participants are very positive about CoBroSe and the prototype. None 

of them had any difficulties in using the prototype. Ten of them think CoBroSe is 

very easy to use and the other five think CoBroSe is easy to use. Eleven of them 

think CoBroSe is very useful for finding information and the other four think 

CoBroSe is useful. Most of them (14 out of 15) would also like to use an 
improved version for their information seeking. Some of them think that there is 

a market for CoBroSe. The following two table sumarize the result: 

Is CoBroSe Easy Participants Percentage 

Easy to use 5 33 

Very easy to use 10 67 

Is CoBroSe Useful Participants Percentage 

useful 4 27 

Very useful 11 73 
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However, the participants also raised many questions about the system. The 

most frequently asked question and concern is that "is CoBroSe still easy and 

practical to use when the document database is very large"? The answer to this 

question is yes but with a proper implementation. Firstly, the prototype 
determines whether two terms are related simply by looking whether they appear 
in the same document. This is a very weak "IR-IS-A" relationship and can be 

adjusted according to needs so that there are fewer but strong "related" terms. 

Secondly, the prototype operates on the whole browsing tree. In a real situation, 

only a small portion of the tree -- the part which is currently in the window -- is 

needed to be constructed. This will make the tree browsing speed constant. 

Thirdly, as suggested by some in the survey, proper keyboard input can be used 
in selecting the terms making selection of terms easy on large database. 

The next concern is functionality. Although they understand this is only a demo, 

they enumerated many useful functions for improvements. We list some of the 

more important ones below: 

Add seeking result history windows: A seek result window shows the result 

obtained so far during CoBroSe. The result should be able to be saved into files 

and organised as a history list so that a user can always goback to any of the 

previous CoBroSe and starts from there. 

Drag and drop based database building function: once users come across any 

interesting document, they should be able just drop them into their own PDL. 

The PDL should automatically index and manage them. 

Network support: support for distributed PDL so that one person can share the 

PDL of another person. 

Multimedia support: The ability to manage sound, video and other forms of 

interactive media data. 

There are also other suggestions such as make PDL part of Web environment. 

The author thanks the people who participated in the user survey for their time 

and interest. 
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10.4 Summary 

We discussed the prototype PDL and the user survey in this chapter. The 

prototype implementation, although missing many functions and features, has 

brought CoBroSe one big step further from pure research. It enables us to show 
CoBroSe in operation and allows us to do user studies. The small scale 15 user 

survey was very positive. The result shows that all participants think CoBroSe is 

easy and useful for information retrieval. 

The prototype and the user survey show that CoBroSe is not only conceptually 

easy and useful in information finding, but can be potentially incorporated into 

digital library systems. We will discuss in next chapter how this is to be 

achieved. 
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11. Conclusion and Future Work 

The research has touched a wide range of issues of electronic libraries at 
different depth. Some of the concepts, such as the "adaptive user model"; are 

still at the "suggestion " level and much works are needed to make them 

work in practice. Other concepts, such as CoBroSe, are better established 

and studied in some detail. 

We must stress that this research is done between 1994 and 1996. The whole 

field of the digital library is changing so fast that we have had to update 

chapter 2 and the bibliography several times to reflect the current situation. 

It is possible that some SuperNetScape software has already incorporated 

some of the ideas presented in this thesis before the thesis is submitted. It is 

also possible that someone over there has a home page talking about similar 

concepts as this thesis. It is exciting but also painful to work in such a 

dynamic and fast changing field! 

We conclude the thesis by an assessment of this research and an outlook for 

future. 

11.1 Assessment of the research 
The main contributions of the research is the establishment of the CoBroSe 

approach to information retrieval. CoBroSe is an interactive information 

exploring approach which takes advantage of the term-term associations. It is a 

combination of searching and browsing. It can also be thought as a semi- 

automatic searching in which the users travel through the index through the "IR- 

IS-A" trees and the system assists the users in doing the search. Theoretically, 

CoBroSe has the advantages of both searching and browsing; for example, more 

interactive than searching and better organised than browsing. We have also 

formally established the mathematical background for CoBroSe. 
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The Personal Digital Library (PDL) is a good environment to apply CoBroSe 

and is also an important area of the digital library. The research devoted three 

chapters to the PDL and studied the user aspect and the inter-operability issue of 
the PDL. The proposed adaptive, user-centred electronic library model, although 
in a conceptual level, addressed the problem of user requirement changes and 

acted as the guideline for the PDL design. The proposed solution for inter- 

operability problem by using client/client information retrieval protocol has the 

advantage of simplicity over existing approaches. The design of the PDL itself is 

a system design exercise taking into consideration the employment of CoBroSe. 

The prototype implementation of the PDL, although missing many features and 
functions of the design of the PDL, has brought CoBroSe one big step further 

from pure research. It enabled us to test the CoBroSe idea and to expose it to 

users. A survey of 15 users was carried out with the prototype. All the 15 users 

were very enthusiastic and positive about CoBroSe and the prototype. All of 
them say that CoBroSe is easy to use and useful for finding information. Many 

constructive suggestions on improving the prototype were also gathered. 

It is the hope of the author that further research and development will be 

continued so that CoBroSe and PDL will work in parallel with searching in the 

real digital library environment. 

11.2 Further research work 
The CoBroSe approach and the PDL as studied in this thesis, are the starting 

point for future researches. Several issues, such as the Adaptive User Centred 

Model and the inter-operability issues, need a lot of work to complete. CoBroSe, 

although studied in some detail, still has much room for improvement. We 

discuss some of the issues which the author believe is important and achievable 

in the near future. 

1. Find a formula for deciding IR-IS-A 

The IR-IS-A relationship between two term sets is simply decided by 

"coexistence" of the terms in our study. This is apparently not adequate in many 
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situations. Developing a formula, which calculates better "IR-IS-A related 
terms", will be a big improvement of this research. We already mentioned a few 

alternatives in Chapter 5. 

2. To improve the prototype implementation 

During the user survey, several users have raised the concern of improving the 

prototype implementation to reflect a more real situation. One concern is the 

speed. The current implementation is bound to be slow with large databases 

because it always operates on the whole tree. A proper implementation should 

only construct the part of the tree which is currently in the window, not the whole 
tree. This will keep the displaying speed about constant both for small and large 

databases. The next concern is allowing searching as well as CoBroSe. Users 

should be able to use the keyboard to short cut selections in the tree and should 
be able to do searching directly on the main window. The third one is to support 

more management functions. Functions such as keeping a separate selected 
document list would be very useful. The fourth one is to add distributed database 

support. CoBroSe should be able to work on networked databases, not just local 

databases. The fifth is to add on-line help and improve the user interface. 

Technically, none of the improvements is unachievable but any one of them can 

take weeks, if not months to complete. 

3. The client/client architecture 

We established a simple protocol for the inter-operability problem. It would be 

very useful to have a standard protocol for all the information retrieval clients so 

that every system can access the rest without reinventing new wheels. Much 

work is needed to advocate this approach and draw the attention of the 

researchers in this area. 

4. Proper implementation of the PDL 

In the long term, a full implementation of the PDL is necessary. From the point 

of view of research, it is a vehicle for trying new ideas. From the point of view 

of usage, it can be used as an integrated personal information environment to be 
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used for practical information seeking. The task is apparently not for a single 
person but for a team. Early involvement of industry is certainly very important. 

11.3 The future trends of digital library 
More and more activities will be based on the computer, the Intranet and the 
Internet in the future. We have already experienced the booming of Web sites in 
the past few years. Now on-line shopping, on-line banking, on-line teaching and 
many other activities through the Intranet and the Internet are also emerging. 
This is going to have significant impacts on future digital libraries. 

Firstly, computer based tasks in the future are likely to contain all the 
information about themselves. Good on-line help systems today already do this. 
There is no need to have separate documents to describe the tasks. Task related 
information, such as manuals and teaching materials, will no longer need to be 

separately kept as documents, but be integrated with the task itself. In recent 

years, many published books have accompanied CD-ROMs. In the future, the 
book and CD-ROM may disappear completely and be replaced with a software 

package which manages and presents the information interactively in multimedia 
form to the readers. The traditional library -- document model may no longer be 

adequate and some sort of library -- package model may be more appropriate. 

Secondly, information is spread over the net and is dynamically changing all the 

time. One of the basic functions of the digital libraries will be to gather, classify, 

and index the distributed, dynamically changing networked information. Static 

documents, both printed and electronic ones, will no longer be the only form 

documents. Dynamic documents with changing contents such as stock market 
information, train time-table information will also need to be classified and 
indexed. Several Internet search engine providers, such as InfoSeek and Yahoo, 

are already doing this. 

Thirdly, an organisation will run its own Intranet which links all the 

organisational computers and protects them by firewalls. The digital library will 

be one of the very important components of the Intranet. This is because putting 
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the digital library on the Intranet allows the digital library to hold all the 
organisational information as well as information on the Internet. 

Lastly, the personal computers and the personal digital libraries will become 

more and more important. The PC is where a user interacts with the network and 
the personal digital library is his information centre. The personal digital libraries 

will be able to both share the Intranet and Internet digital libraries and be shared 
by other personal digital libraries. The personal digital libraries will not only 
manage documents but also manage other objects such as software packages and 
video clips. 

This research has dealt with a wide range of systems issues in the digital library. 
It has established the CoBroSe interactive information seeking approach and 
produced a design of the Personal Digital Library (PDL) system which employs 
CoBroSe. The development of the prototype PDL system has enabled us to test 

the CoBroSe approach and to expose it to users. The 15 users surveyed are all 

very positive about CoBroSe and the PDL. They all think CoBroSe is easy to use 
and useful for finding information. Fourteen of them also want CoBroSe to be 

equipped with their on-line systems. The ideas developed in this research have 

useful application possibilities in digital libraries and on-line systems. Further 

development of the ideas will enable CoBroSe and the PDL to be used as a useful 
tool in the future digital library environment. 
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12. Appendix I. The ELINOR Electronic 
Library System 

References on ELINOR electronic library can be found in Collier 1994, Ramsedn 
1994, Wu 1994 and Zhao 1995. This appendix lists the main system features of 
the ELINOR electronic library for ease of reference. 

The ELINOR electronic library system is a typical DIP and free-text based 

system. The CORE system is Excalibur's EFS, a DIP system with strong free- 
text search support. A usage statistics collection and management subsystem 
working with EFS was developed in house. A WWW gateway was also built for 

accessing ELINOR database with WWW browsers. The system has been in 

operation since October 1993. 

The ELINOR electronic library system stores documents as a sequence of 
scanned images. Some image pages are OCRed into text and indexed for free- 

text searching purpose. Documents are organized hierarchically using subject 

classification. To find documents, a user either browses through the hierarchy, or 
does a fuzzy contents search. Once a document is found, the reader can flip 

through the pages. The size of the images can be enlarged to suit different eye 

sights. A user can also use WWW browsers to access the text pages of the 

ELINOR database. 

12.1 The database 
The ELINOR electronic library follows the DIP document model-stores a 
document as a sequence of pages. Each page is represented as a TIFF G4 image. 

Some or all pages of a document can have corresponding free text for indexing 

Purposes. A document can be searched by the free-text associated with its pages, 

can be browsed page by page or randomly accessed. Documents are filed into 

the database hierarchically by subject. The ELINOR electronic library system 

uses the metaphor of "fileroom", "cabinet", "drawer", and "folder" to organise 
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documents into hierarchies. The organisation is similar to that of the subject 
indexing scheme used in traditional libraries. Figure 38 shows a portion of the 
information hierarchy of the pilot database. The advantage of such an 
hierarchical organisation of documents is that it supports effective browsing. 

Symbolar. _ 
, yý_. 

.... 

File Room Cabinet Drawer Folder Document 
(Book or journal) 

Elinor Electronic Library 

Libre In-Muse eollr etbn 

Figure 38 The Hierarchical Organisation of Documents 

The ELINOR database currently only covers the subject areas of business, 

computing and one European language as required by the BA/BSc Business 

Information Systems (BIS) course. The database contains documents of various 

types including textbooks, various examination papers and course handbooks, 

several issues of journals, and a number of lecture notes, totalling 35,000 pages. 

The table of contents pages, back-of-index pages and abstracts of copyright 

materials and every page of other document type are also OCR'ed (OCR stands 

for optical character recognition) into ASCII text for indexing purposes. 

12.2 Browsing and reading documents 

Browsing is an important way of discovering information. After studying the 

information retrieval behaviour of 34 subjects, Chen concluded "it is alarming 

that the least effective and efficient strategies, namely, the SCREEN- 

BROWSING and the TRIAL-AND-ERROR strategies, were used 

overwhelmingly by the subject searchers... over 80% of the subjects used these 
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two strategies" [CHEN91]. We are not going to argue about whether browsing is 

or is not "effective and efficient", but if browsing is used by the majority of 

users, then it is important to support it efficiently. 

Because of the subject-based hierarchical organisation of documents, browsing 

the database in ELINOR is by descending the subject tree and allows a set of 

"related" documents to be found in one go. Browsing from the root down to the 

"BIS Student Course Handbooks" folder in Figure 39, for example, revealed 

several related documents on the subject. Once an interesting document is found, 

it can be viewed on screen. The reader can flip through the pages by clicking the 

Next or Previous buttons, or use the mouse to pick a page number in the 

document window, or press the Goto button to select any given page. It is also 

possible to view multiple pages from several documents at the same time. 

12.3 Searching for documents 

The ELINOR electronic library supports both free text and structured field 

searching. The free text search is based on neural networks, or more specifically, 

adaptive pattern recognition processing, which caters for both Boolean and 
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natural language retrieval. The structured field search provides searching similar 
to that of the library catalogue records in OPACs. 

A free text search is done in two steps. A quick preliminary search on the neural 

network index results in a hit list with a preliminary score indicating the degree 

of relevance. The hit list can subsequently be rated according to the relevance of 
the documents to the query in the second step. The system allows fuzzy searching 

regardless of spelling errors in the user's query or OCR errors in the text. Users 

can adjust the degree of relevance to indicate to what extent the query should 

match the source patterns in the texts. The free text retrieval interface is 

illustrated in Figure 40. As is illustrated by the example, the query contains a 

misspelled word "document" but the system can still find "document image 

processing" when the search exactness parameter is at 70%. The searching and 
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12.4 Printing documents 
Technically users can select pages from a document or select a whole document 
for printing in the ELINOR electronic library system. Politically printing is a 
quite complicated matter. Since most documents in the system are copyright 
material and different publishers have different requirements on charging and on 
the number of pages a user can print per day, printing has to be controlled 
individually on a per publisher basis. De Montfort University also levies a seven 
pence basic print charge for each page printed. 

When a user submits a print request, the request is not actually sent to the printer 
queue directly but is buffered instead. This avoids the problem of students 
requesting a print run but not collecting their printouts. When a student comes to 
collect his/her printouts, the printing control software checks for the various 
limits set by publishers, checks whether the user still has any credit left, and 
finally if all conditions are met, prints out the pages with a copyright cover page. 
Figure 41 shows an example cover page which lists the copyright notice from 

publishers, and the charging details. 

"ttrrtf tri týF#1#rrtttlwtit! #rit*#**t**k****t**#*tirrtiwfrtrirr#i tiwti4 
*t 

r PRINTING LIST " 
*t 
R User Names oz Datet 1994/09/08,14: 20, Thursday 
* 
Rti**A*t*tr***#**rA*itit*****tt*Mt**ti*t#t#rt#i*R#*Rt#ARRiRtFik*R*RA* 

a-==ýssýsscsýxrýssss=ate- 

= Reproduced by permission 
ý-=awraaýo-a-ýa-aýaa 

of Blackwell Science Publications Ltd = 
1. Thewlis. P t From Loglo to Computers 1983 -- PAGE 2 
2. Thewlis. P I From Log Ia to Computers 1983 -- PAGE 4 
3. Thewlis. P : From Logic to Computers 1963 -- PACE 10 
4. ThewlSs. P t From Logic to Computers 1983 -- PAGE 11 
5. Thewlie. p t From Logic to Computers 1983 -- PACE 12 
6. Thewlim. P t From Logic to Computers 1983 -- PAGR 13 

+++++++++++++ TOTAL PAGES At CHARGES +++++++++++ 
Total Pages =6 
Charge Per Page - 0.07 Pounds 
Total Royalty - 0.00 Pounds 
Total Charges - 0.42 Pounds 

Figure 41 Sample Printing Cover 
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12.5 The system architecture 
The ELINOR electronic library is based on client/server architecture. As shown 
in Figure 42 the system consists of PC clients, computer networks and the server. 
The server functions are implemented through the search engine, the document 

inputting subsystem, the USCM(usage statistics collection and management) 

subsystem, the printing control subsystem, and the tool box which contains tools 

for manipulating the databases. 

Starch Engine Pr nted Electronic 
uments Documents 

Authentication 

Ne ork s Searching 
Browsing Scanning 

RDB Search 

OCR Filters 
Printing Control 

Indexing 

USC 

ext Image 

Usage Database 

dex &Database 
Index &Database 

(read write) (read only) 

lI ntc Serve 

Figure 42 The ELINOR electronic library system architecture 

The ELINOR server is hosted on an IBM/RS6000 workstation with 15 Gigabytes 

of hard disk space. The underlying protocol is the Internet TCP/IP. Since the 

whole campus runs Novell Netware, the PC clients not only "talk" TCP/IP 

protocol to access the ELINOR server but also "talk" Netware IPX protocol to 

access the Novell file servers. A prototype WWW gateway to the system, which 

allows access to the text files of the ELINOR database and is currently restricted 

to users within the university for copyright reason, was also built. The browsing 

interface is hierarchical and similar to that of the EFS. The search is fuzzy and is 
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also through the PixTex/EFS searching engine. Figure 43 shows the top page of 
the interface. 

File Edit Qptions Navigate Annotate Starting Points Personal I1e 

Document Title: 1ntednce to PixTex/EFS 

Document URL: http: //znphod/etaintertncehtm1 

Interface to ELINOR 

This to e prototype interface to the LLIYOR electronic library Which 
ueea P1xTex/EFS as it, ncatch engine. It allow. people with a WYW 
bcovaec to access the PixTex/CFS databaaaa. 

are two ways to access the database 
Search 

Searching the ELINOR database 

browse 

Browsing the ELINOR database 

y questions or bug reports regarding this interface should go to szhao@dmu as uk, 

Figure 43 MOSAIC Literfixe to ELINOR 

12.6 Usage statistic collection and management 
Usage statistics collection and management (USCM) in the ELINOR electronic 

library is concerned with tracking, managing, analyzing, and reporting resource 

usage by the electronic library users. How many pages of a particular book are 

referenced by users in a particular time period, for example, is a usage statistics 

figure for copyright management purposes in ELINOR. Usage statistics 

collection and management have been largely ignored in most DIP or free text 

systems including Excalibur EFS (Ramsden 94). The first obstacle in 

implementing a USCM subsystem in ELINOR is collecting the usage statistics. 

Usage statistics are not generated by users intentionally but are by-products of 

user actions. When a user displays a page, for example, some sort of usage 

statistics data are generated and must be selectively picked up by the statistics 
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collection subsystem. Picking up the usage statistics data from ELINOR is a 

problem because the core software does not provide this facility. The second 

obstacle in implementing a USCM subsystem is finding a suitable database 

structure to store the statistics data. Usage statistics data are summaries of 

ordinary usage data obtained by applying aggregation functions on a set of 

ordinary data records (Ghosh 1993). Conventional data modelling methods 

which focus on "reality" or "facts" may not be suitable for usage statistics data. 

In reality, most usage statistics are about the usage of resources during a 

particular time period and there is little meaning in talking about resource usage 

without a time limit. Time, which is not supported by most database systems, 

must also be taken into account. A detailed discussion on usage statistics 

collection and management can be found in Zhao1995. 

To overcome the collecting problem, we adopted an approach which takes 

advantage of the operating system monitoring functions. Since the operating 

system is in charge of all lower level resource management including all the 

resources managed by the electronic library database server, it is possible for us 

to map between the operating system generated resource usage and that of the 

database server. If the operating system can pick up a file read event with a file 

name which is also meaningful to the electronic library database server, then we 

know this event is also an event of the database server. Events of irrelevant type 

are ignored and relevant events are further projected and formatted for automatic 

batch processing during night. 

There are two types of usage statistics report in ELINOR. The first type is 

concerned with the use of books and the data is taken from the "book" database. 

By applying filtering or aggregation functions on the "book" database, a variety 

of queries can be produced. For example, a report showing the summary usage 

by a publisher "dmu" can be obtained by applying the filter "publisher = dmu". 

Table 5 Sample Usage Statistics Report for Publisher dmu is a fraction of a 

monthly summary report for a publisher named "dmu" (dmu stands for De 

Montfort University and all our in-house document collections are under the 

publisher "dmu") for April 1994. The report can also be detailed to page level in 
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which case the heading "page" will be an individual page number instead of total 

pages. 

'' a ýa ref -time riots Char e 

dmu dmu BIS Examination Paper 1991-1992 1 1 1 

dmu dmu Standard 4 Year Sandwich Route 3 1 

dmu dmu Student Course Handbook 1992-1993 19 

dmu mu Computer Science Course Book 31 9 2 

dmu dmu Computer Science Syllabi 1993 121 

dmu dmu Database Application Pro rammin 1 34 2 

_dm_u dmu BA BSc BIS Syllabi June 1993 4 13 24 

Publisher: The name of publishers Author: The name of the author 

Page : Pages referenced 
NO-ref: Total number of references to the book 

R-time : Total time spent reading the pages of the book 

Prints : Total number of pages printed from the book 

Charge : Charge for the printing 

Table 5 Sample Usage Statistics Report for Publisher dmu 

The second type of report is about the users and is called the transaction report. 

Again a variety of transaction reports of different detail and different group can 

be produced by applying filtering and aggregation functions on the "reader" 

database. Table 6 is an example report for a user named "sz" for April 1994. As 

shown, user reports are only detailed to session level. Since a printing charge is 

levied for every page printed, all detailed credit history information is also kept. 

'.: N, 3,. ýYj':::::: ! ][iil;: ii: '::: j'ýi:::: ýiMiiM; 
y'. : 

j; 'i::; ý: 4iii :: k: i: '": ti{ 

1/4- Forward s 
19/ 4-1 1 Readin s 

19/ 4-1 19 Print s 
19/ 4-1 2 Readin s 

29/ 4-12 1 Print s 

Table 6 Sample Monthly User Report 

The various usage statistics reports have not only provided feedback for the 

publishers but also helped us in identifying useful materials and managing the 

electronic library database. We found from the statistics report that the most 
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popular materials are examination papers and short loan books (core reading 
material available on daily loan basis). We are thus enlarging the examination 

paper collection and extending access to it to another site. We found also that out 
of the 140 registered users, 28 used the system and most of the them used it 

regularly from October 1993 to April 1994. This probably implies that if a user 

used the system once, he/she or she is likely to use it later again. New user 
training is thus an important task. 
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13. Appendix II The FIGIT Programme (eLib) 

13.1 Projects on electronic document delivery 
The project EDDIS (Electronic Document Delivery -The Integrated Solution), 
headed by the University of East Anglia, is to produce an integrated end-user 
driven identification, holdings discovery, ordering and electronic supply service 
for document delivery. The project Electronic Document Delivery in London 

and Manchester is headed by University College, London. A document delivery 

service for journal articles to the 21 HEFCE funded libraries in the London area 
and the five CALIM libraries in Manchester. The InfoBike project, headed by 
University of Bath, is to provide services which allow users to have browsing 

and reading access to a large range of documents in electronic form for which 
their institutions have paid licence fees. The last document delivery project is the 
(SEREN) Sharing of Educational Resources in an Electronic Network in Wales 

headed by University of Wales to form a geographically based Document 

Delivery service by a consortium of libraries in an all-Wales context. 

13.2 Projects on training and awareness 
Hull University is heading the Educational Development for Higher Education 

Library Staff project. The project is to launch a national programme to identify 

and provide the skills needed by librarians in fulfilling the training roles 
identified in the Follett report. The project Netskill (Network Skills Training for 

Users of the Electronic Library) is headed by Newcastle University. The project 
is to provide a comprehensive national network skills training programme 

aimed at shifting the culture within HEIs towards awareness and widespread use 

of networked information resources. The third project, the Transfer of Network 

Information Skills is aimed at improving the quality of academic teaching and 
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research by enhancing the expertise of academic staff in the appropriate 
exploitation of networked information resources and is headed by University of 
Central England. The NetLinkS project headed by University of Sheffield, is the 
first phase of a three phase programme to develop learner support skills in library 
staff. 

13.3 Projects on electronic journals 
The CLIC project is a parallel electronic version of an established journal - 
Chemical Communications. Imperial College is heading this project. Project 
Internet Archaeology: an international electronic journal for archaeology is 

an international electronic journal for archaeology headed by Council for British 
Archaeology (with the University of York ). The SuperJournals project (subject 

to final approval from JISC) is an extension to the original SuperJournals project 
(which was funded by British Library) to develop and test an infrastructure and 
tools for refereed electronic journal publishing led by Nature (through 

Universities of Manchester and Loughborough). The project Electronic 

Seminars in History and Reviews in History is a seminar programme in an 

electronic form and to produce a new electronic journal available to all HE 

institutions. The project is led by the Institute of Historical Research, University 

of London. The Interactive Electronic Magazine is to produce an interactive 

magazine with an associated archive (database) to educational developers and 

computing staff concerned with the innovative design and delivery of courses. 
The project is led by London Guildhall University. The Electronic Journal in 

Legal Informatics project is to produce an internationally refereed journal 

dealing with substantive law implications of IT and implications of IT for legal 

practice and legal education. The project is led by Warwick University. The 

project Open Journal Framework is to investigate novel ways of integrating 

journals that are with other journals and information resources using the 

capabilities of open hypermedia systems. The project is led by Southampton 

University. The Sociological Research Online is to investigate the development 

of an electronic journal in Sociology using media delivery formats and the 

provision of training to enable users to maximise their use of the journal and is 
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led by British Sociological Association (with the University of Surrey). The 
Learned Societies Support Service project is to define the parameters required 
for the use of electronic networks by smaller learned society publishers. 

13.4 Projects on demand publishing 
The Secure Student Access Project is to improve the availability of 

recommended reading to students by developing and promoting simple, flexible 
licensing arrangements for multiple student access to materials stored 

electronically. Nottingham Trent University is the leader of this project. The 

Inter-Institutional Networking of Learning Materials is a demonstrator 

project for the delivery of on-demand publishing to HE students and staff which 

makes use of materials produced by the Open Learning Foundation. University 

of East London is the leader of the project. Project Phoenix is concerned with the 
implementation of electronic storage and print techniques to supply text to 

students. South Bank University is the project leader and De Montfort 

University is a partner. The Only Connect project is a pilot on demand 

publishing project aimed at students in the School of Media, Critical and Creative 

Arts. Liverpool John Moores University is the project leader. The SCOPE 

(Scottish On Demand Publishing Enterprise) is to build an electronic resource 

bank of articles and book chapters in key areas to demonstrate copyright 

clearance and logistical issues of course reader publishing and on line viewing. 

The project is led by Stirling University. The ERIMS (Electronic Readings in 

Management Studies) project is to provide reading materials in electronic form to 

a cross section of users in management studies and is led by the Templeton 

College, University of Oxford. The EUROTEXT project is a collaborative 

resource bank of learning materials on Europe. It is headed by Hull University. 

13.5 Projects on access to network resources 
The IHR-Info project is developing an institute's subject based information 

server and is headed by Inst. Hist. Research of University of London. The 

ADAM (Art, design, Architecture, Media Information gateway) project is 

developing a UK based information server giving access to art, architecture, 
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design and media resources. The OMNI (Organising Medical Networked 
Information) project is headed by the Institute for Medical Research and is to 
build a gateway to facilitate access to high quality information about clinical, 
research and management aspects of health and biomedicine. The University of 
Bristol is heading the SOSIG (Social Science Information Gateway) project and 
the ROADS (Resource Organisation And Discovery in Subject-based services ) 

project which is to investigate the creation, collection and distribution of 
resource descriptions to provide a transparent means for searching for and using 
resources. The EEVL (Edinburgh Engineering Virtual Library) is to build a 

gateway for the HE and research community to facilitate access to high quality 
information resources in Engineering and is headed by Heriot Watt University. 

The Conflict Studies Server project aims to develop a collaborative multimedia 
database of resources relevant to teaching learning in conflict studies with 

particular reference to the Northern Ireland experience and is headed by the 

University of Ulster. The URLs for project ADAM, SOSIG and EEVL are listed 

in the reference. 
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14. Acronyms 

AI Artificial Intelligence 
CoBroSe ------ Combining Brosing and Searching 
DIP ----- Document Image Processing 
DL -------- ______ Digital Library 
DPI Dots Per Inch 
EL - Electronic Library 
ELINOR ------- Electronic Library INformation Online Retrieval 
ELISE Electronic Library Image Service for Europe 
ELSA ----- Electronic Library SGML Applications 
ER Model Entity Relationship Model 
HCI ---- -------- Human Computer Interaction 
HE ----------- High Education 
IPX Novell's network protocol 
IR Information Retrieval 
OCR -- --- Optical Character Recognition 
ODI --------------- Open Data Interchange 
PDL ---- --- Personal Digital Library 
SGML - ---- Standard General Mark-up Language 
TCP/IP - -- Transmission Control Protocol /Internet Protocol 
WALS ---------- - Wide Area Information Service 

World Wide Web 
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