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Editorial: The Open Source
Movement and Libraries Dan Marmion

I've been thinking about open source software 1 lately for
a couple of reasons. One reason is that the March 2002
issue of ITAL will be a theme issue devoted to open
source applications in libraries, guest edited by Jeremy
Frumkin of the University of Arizona.

The other reason is a bit closer to home. I hired Eric
Lease Morgan to be head of a new department at the
Notre Dame Libraries called the Digital Access and
Information Architecture Department (DAIAD, pro-
nounced "die-ad," frontward or backward). Eric is some-

thing of a force in the open source movement and was the

primary developer of the MyLibrary@NCState (http://
my.lib.ncsu.edu) open source software created at North
Carolina State University. (He is contributing an article to

Jeremy's issue, incidentally.)
One of Eric's first responsibilities here at Notre Dame

is to convert our library Web site to a database-driven

technology and he wants to do it on an open source plat-
form. My job is to decide whether to go along with that or
to dictate a more conventional approach using something
like Oracle and ColdFusion or Active Server Pages (ASP).
Hence my immediate reason for devoting my time to the

subject.
So what's the problem? Why not just do it? One rea-

son is that despite a few well-publicized examples, there
is not yet a whole lot of open source software available,
and the movement is still fairly young and unproven.
Another is that if we go this direction, we will have to
commit some substantial human resources to do the

required programming.
Does that mean we shouldn't do it? Why put my eggs

in an unproven basket? Why commit valuable human
resources to create more of this unproven software?

Maybe it isn't all that unproven. There are, as I men-

tioned, some fairly well known and widespread open
source applications, such as the Apache Web server and
the Linux operating system. My sense is that Linux is

finding its way into more and more libraries these days,
and that Apache is the leading Web server in colleges and
universities. So to call those two unproven is really sub-

ject to debate. Likewise, open source products such as

MySQL and Perl are being used in many applications.
While it's true that open source applications require

programmers, the fact is that ColdFusion and ASP also

require programming, and I would surely not want to run
a critical library application based on Oracle without
someone with extensive Oracle knowledge and experi-
ence on hand. Thus the human resources argument is also
less compelling, especially when you realize that not only
do you have to invest dollars in people to make those
commercial products works properly, you also have a

substantial cost in licenses for them that you don't have
with open source software.

Another thing about open source software, in theory
at least, is that if somebody creates something that is

truly good and makes it freely available, a community of
users will emerge and collectively support, maintain,
and improve upon it. That's an intriguing, almost '60s
concept that is also unproven. Certainly for Apache and
Linux it seems to be working. On the other hand, a bril-
liant piece of work like jake (the Jointly Administered

Knowledge Environment) is, ultimately, a failure,
because even though the software is great, the user

community did not keep current the data upon which

jake depends.
One last point to make regarding open source applica-

tions is that there does seem to be a potential for some-
thing truly beneficial to libraries. MyLibrary@NCState is
a good example. Many libraries do not have the resources

to create software from scratch, but because there is no

ongoing license fee for open source software, perhaps they
can provide the resources needed to implement it at their
library. There are other library-related open source proj-
ects underway, such as OpenBook, a library automation

system developed by Technology Resource Foundation

(www.trfoundation.org) for smaller public and school
libraries.

On a different note, I call your attention to the lead
article in this issue by Peter Murray, the first-ever winner
of the LITA/Endeavor Student Writing Award. I was on

the judging panel and can attest that we had many good
papers submitted, so I'm pleased to know there are some

burgeoning young writers out there. This is a new annual
award—see www.lita.org/a&s/awards.htm#writing for
more details.

Note

1. I assume most readers of this journal know what the phrase
"open source" means, but just in case (and greatly simplified) it
refers to software that is freely given away, along with source

code, according to certain explicit distribution terms that allow
it to be just as freely redistributed (although not necessarily for
free). The concept actually goes back to the GNU Project
(www.gnu.org/gnu/thegnuproject.html) that began in the mid-
1980s. Back then the preferred term was "free software," mean-
ing that users of the software were free to modify it and
redistribute it. Most open source software is distributed under
the terms of the GNU General Public License (GPL), ensuring
that it retains this "free" status.

Dan Marmion (dmarmion@nd.edu) is Associate Director for
Information Systems and Access at the University of Notre
Dame Libraries, Notre Dame, Indiana.
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Library Web Proxy Use

Survey Results Peter E. Murray

[Editor's note: The following article is winner of the first
annual LITA/Endeavor Student Writing Award.]

Librariesface many policy and technological difficulties in
providing remote access to databases, making effective use

of Internet bandwidth, controlling where patrons browse
on public computers, and gathering statistics on usage.
Some libraries have chosen to employ proxy Web servers

to solve these problems. This paper outlines the use of
proxy Web servers by libraries to address these areas and

documents survey results on their use in libraries.

In
its most general definition, a proxy server is "[a]n

intermediary server that accepts requests from clients
and forwards them to other . . . servers." 1 In the gen-

eral form of this definition, a proxy server may act as an

intermediary for one of many Internet protocols (such as

HTTP, FTP, Telnet, NNTP, and others). This paper
focuses on the application of proxy Web servers in gen-
eral, and specifically their use in library networks to

solve library-specific problems.
There are four reasons a library may install a proxy

Web server: to enable access to resources by patrons out-
side a library's network, to filter Web requests, or
responses on public stations, to conserve bandwidth and

improve response time, and to gather statistics on Web

usage. In order to identify why libraries had installed

proxy servers and what proxy server software was used,
a survey was prepared and distributed in November
2000. Additional questions were asked about the docu-
mentation provided to patrons about how to use a proxy
server and any privacy statements about the disposition
of proxy server log files. This paper will discuss the infor-
mation gathered in the survey.

The survey was posted to the following electronic

mailing lists: Web4Lib@sunsite.berkeley.edu, PACS-L®
listserv.uh.edu, LITA-L@alal.ala.org, teknoids@listserv.
law.cornell.edu, SYSLIB-L@listserv.acsu.buffalo.edu,
LIS-LINK@mailbase.ac.uk, and PUBLIB-NET@sunsite.

berkeley.edu. E-mail messages were also sent to the
attendees of the second and third LITA Regional
Institutes on Web Proxy Servers and Authentication. A

copy of the survey appears at the end of this paper in

appendix A.
Between November 16 and December 22, 2000,

eighty-five libraries responded to the call for participa-
tion in the survey. Respondents had the option to identify

Peter E. Murray (peter@pandc.org) is a graduate student in the
MLS program, Simmons College, Boston.

themselves and their institution; that information was

used for follow-up information, much of which is dis-
cussed in this paper. A breakdown of library types is
shown in table 1. Three of the responding libraries were
not using proxy servers at this time.

■ Proxy for Remote Resource Access

By far the most frequent reason for libraries to use Web

proxy servers is to enable off-network patrons to access

vendor-provided resources. These resources are typically
restricted to a particular institution's subscription by one

of two methods: vendor-supplied username/password
authentication or network address recognition. Although
alternate methods exist for the purpose of authenticating
access to resources (vendor-supplied scripts and referer-
URL authentication, for example), these methods do not

enjoy widespread implementation.
The problems of distributing vendor-supplied user-

names and passwords to a community of users and keep-
ing them secure are well known; such a method allows
access to a resource from nearly any Web browser in the
world. A single username and password supplied by the
vendor can be distributed to individual patrons or posted
on an internal Web site. In addition to the packet sniffing
problems discussed in Cole, there is nothing inherent in
this scheme that prevents the password from being given
to patrons outside the institution's community. 2 The same

problem exists for usernames and passwords distributed
to individuals, although it is easier to identify abuses
with a single user's password and cancel access for a

username which has been compromised.
Alternatively, using network address recognition for

authentication is very convenient for users on an institu-
tion's network because the only requirement for access to
the resource is using a machine in the proper IP address
range; no password is required. It is harder for unautho-
rized users to gain access to a resource because an unau-

thorized individual must be using a computer physically
attached to the institution's network. This same physical
requirement, though, prevents legitimate remote users

from accessing the resource. Since resources are restricted
to an institution's network addresses, placing a proxy
server within that range of network addresses enables
off-network users to appear to come from within the net-
work to database vendors.

Seventy-two libraries responded that they use proxies
for remote resource access; the breakdown of software
packages is shown in table 2. EZproxy is the most popular,
followed by Innovative Interfaces' proprietary Web Access
Management. One library uses a combination of Apache
and EZproxy and another uses Microsoft Proxy and
Netscape Proxy. One library uses more than one proxy
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server, but did not elaborate. In addition, a public library
was using Web Access Management but is planning to
install EZproxy; no proxy server is in place at this time.

Some proxy servers for remote resource access require
users to configure their browsers to take advantage of the
proxy service. Several libraries supplied URLs to docu-
mentation explaining this reconfiguration; these were the
best in the author's opinion:
■ Central Michigan University, http://ocls.cmich.edu/

remoteindex.htm
■ University of Waterloo, www.tug.uwaterloo.ca/

proxy
■ Tarleton State University, www.tarleton.edu/~library/
proxy/ instructionsl .htm
An academic library noted that some patrons must

be told to remove the proxy server setting automatically
configured by a cable TV-based Internet service

provider (ISP) before using the institution's proxy
server.

One specialized type of proxy server that doesn't

require the user to modify the browser configuration is a

"rewriting" proxy Web server. Rewriting proxy servers

transform the HTML pages from vendor databases such
that URLs on the page are rewritten to point back to the

proxy server. Several academic libraries have created
their own rewriting proxy servers, often using existing
free proxy servers as the basis. One example is the library
at the University of Calgary as reported by Eric Tull.
Another example, although not mentioned in the survey,
is Brown University's implementation.3 EZproxy is an

example of a commercial rewriting proxy server.

One academic library makes its authenticating proxy
server available to other campus departments besides the
library, but at this time only the main library and the law
school library are using the service. The same library is

considering expanding the proxy server use beyond
remote resource access to bandwidth conservation.

The library at SUNY-Oswego has set up its EZproxy
server to allow access to IP-restricted resources on cam-

pus Web servers in addition to vendor provided data-
bases. The types of resources made available in this
fashion are campus network maps, faculty committee

documents, and software for which a site-license for
home access has been negotiated. The systems librarian
and campus webmaster seek out other campus Web
information to make available using this mechanism.

m Proxy for Filtering

Since proxy servers are in the middle of the transaction
between the client and the server, the proxy can examine
the HTTP request from the client or response from the

Table 1. Breakdown of Respondents to Survey

Library "IVpe Count

Academic 68

Public 10

Other/None 7

Table 2. Software Packages Used for Remote Resource Access

Software Count

EZproxy 29

Web Access Management 14

Squid 9

Apache 6

Microsoft Proxy 4

Netscape Proxy 3

Homegrown 2

Delegate 1

Netware BorderManager 1

Other—More than one 3

server. Based on programming or configuration parame-
ters, the proxy can modify the client's request before deliv-
ering it to the server or modify the server's response
before returning it to the client. Proxies performing this
kind of action are referred to as "filtering" proxies. The
modification can affect headers in the HTTP transaction or

change the HTML files or other data returned by the Web
server.

Eighteen libraries use Web proxies for filtering
Internet stations. Software packages used are shown in
table 3. There are many reasons for a library to install a fil-
tering proxy. Most libraries use filtering proxies for
"allow lists" that permit access to only specific Web sites
and "deny lists" that prevent access to specified Web
sites. Seven libraries use proxies for deny lists, three for
allow lists, and seven use proxies in their libraries for
both reasons.

Dan Lester from Boise State University (Idaho)
included in his survey response details about how his

library uses WinProxy to deny access to Web-based
e-mail, gaming, and chat sites.4 In addition, Lester edits a

list of known Web sites with Web-based e-mail, gaming,
and chat functions; libraries are encouraged to submit
additions and corrections to the list.5
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Table 3. Software Packages Used for Filtering

Software Count

Microsoft Proxy 5

Squid 3

WinProxy 3

Apache 1

Bess 1

Netscape Proxy 1

Novell BorderManager 1

WebManager 1

Other—More than one 2

A number of libraries are using plug-ins to Microsoft's
Proxy Server to do various forms of filtering. One public
library is using the CyberPatrol plug-in to filter content
on library stations in addition to using a proxy server.

Another library is using a plug-in called Websense to pro-
vide optional filtering of sexual materials from patrons. A
multi-type library consortium is using the SmartFilter

plug-in for Microsoft Proxy Server.
The University of Waterloo (Canada) Library forces

public library stations to use a proxy server. A router

between the public library network and the campus net-
work restricts HTTP requests to just the proxy server (in
addition to other network restrictions). Stations must

therefore use the proxy server to access Web resources.

The proxy server includes allow/deny directives denying
access to Web-based e-mail services.

A public library uses a proxy to filter advertisements
out of responses sent back from servers. Other uses for fil-

tering proxy servers not reported in survey responses are

to scan files for viruses before they are received, or pre-
vent certain file types (movies, audio files, executables,
and others) from being downloaded.

■ Proxy for Bandwidth Conservation

Bandwidth conservation is typically the reason that

organizations other than libraries install a proxy server.

The goals are twofold: to reduce the amount of traffic

crossing an Internet connection, and to reduce the
amount of time it takes for a Web browser to receive con-

tent. A caching proxy server does this by storing Web

requests and responses for use by subsequent requests.
The caching proxy is a server on the local network and
browsers are configured to contact the proxy server for

every Web request. A browser's first request for an entity
(HTML page, graphic, and so on) may take slightly longer
to be received because of the added processing required
by the proxy server. However, subsequent requests for
the same entity by the same browser or other browsers

using the same caching proxy will be served faster
because the proxy server on the local network can

respond more quickly to subsequent requests without tra-
versing the Internet connection.

Nineteen libraries use proxy servers for bandwidth
conservation; the proxy servers used by libraries are

listed in table 4.
In a related response, one library reported that it

employs a proxy server to reduce the load on an old, pro-
prietary Web server that cannot be replaced for several
months. Because requests come through the proxy server
first, the proxy server rather than the old Web server can

handle requests for static content such as graphics and
HTML files that don't regularly change. This implemen-
tation of a proxy server is called a "reverse" proxy server.

6

A number of the responses to this question did not

specify traditional software proxies, but rather intercep-
tion proxies. An interception proxy requires no changes to
Web clients; it operates instead at a network infrastruc-
ture level. Network routers and switches redirect HTTP

requests to the interception proxy transparently where
the proxy returns the response out of its cache or contacts
the Web server for response on behalf of the client. Of the

responses to this question, CacheFlow 5000, Cisco's cache
engines, Cobalt, Novell BorderManager, and Novell
Internet Router are interception proxies. (Cobalt and
Novell Internet Router can also be noninterception, tradi-
tional proxies.)

Table 4. Software Packages Used for Bandwidth Conservation

Software Count

Microsoft Proxy 6

Squid 3

Netscape Proxy 2

WinProxy 2

CacheFlow 5000

Cisco cache engine

Cobalt

Novell BorderManager
Novell Internet Router

Other—More than one
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■ Proxy for Gathering Statistics

Another side effect of the interaction among the client,
proxy, and Web server is that the proxy server will contain

log entries for all of the accesses by the client. By config-
uring OPAC stations to use a proxy server for requests to
vendor databases, a library can get a rough gauge of data-
base usage by examining the log files of the proxy server.

Thirteen libraries use proxy servers to gather statistics on
Web requests; the proxy servers used are listed in table 5.

The same proxy server used for filtering or band-
width conservation can be used for gathering statistics.
The log files of a proxy server for remote resource access,
when correlated with information about what percentage
of resource accesses was aided by that proxy server, can

also be used to report on resource access.

In the survey, libraries were asked to identify what

applications they used to create statistical reports from
the proxy server logs. The applications listed were (each
application was mentioned once unless otherwise noted):
■ WebTrends (4)
■ Analog (2)
■ Program developed in-house (2)
■ HttpAnalyze
■ Websense
■ Software built into the Novell Internet Caching

System proxy
■ Excel manipulation
■ MS Access for most; WebTrends LogAnalyzer for

some

One academic library uses a homegrown counter on

links to databases; tracking the number of times the link
is accessed gives the library an idea of how often data-
bases are used. Another academic library periodically
uses Squid (a full-featured proxy cache) for in-house

activity views. Only a limited, random number of ses-
sions are examined.

Table 5. Software Packages Used for Statistics

Software Count

Microsoft Proxy 5

EZproxy 2

Squid 2

Netscape Proxy 1

Novell Internet Router 1

WinProxy 1

Other—More than one 1

The survey response for a multi-type library consor-

hum included a comment that the institution's proxy Web
server does not collect statistics. There are special pro-
grams running on the system to delete personal data col-
lected by the proxy server that cannot be disabled in
order to protect users' privacy.

■ Other Results

Respondents were asked if the library publishes a privacy
policy regarding the use of proxy server log files. One

library includes a statement regarding data collection and
use on the proxy server login page:

This information is collected under the Freedom of
Information and Protection of Privacy Act. It is

required to verify the identification of the researcher
and to authorize access to the database. If you have

any questions about the collection or use of this infor-
mation, please contact the Public Services Systems
Librarian.7

Boise State University used proxy logs in the arrest of a

patron who was viewing child pornography. Four days of
logs were given to law enforcement personnel. There was
no issue of needing a court order to get the data as it was
the library that filed the complaint.

An academic library is installing a Virtual Private
Network (VPN) for off-campus clients on DSL and cable
modem connections to access resources restricted by IP
address. VPNs extend the institution's IP addresses to

machines outside the local area network by tunneling net-
work traffic through the general Internet. As such, VPNs
work at a network infrastructure layer below that of a

Web proxy server, but can accomplish the same result as
a Web proxy server for remote resource access.

■ Conclusions

It comes as no surprise that proxy servers are most often
used for remote resource access. Attendees at the four
LITA Proxy Web Servers and Authentication workshops
stated that learning about remote resource access is their

primary reason for attending. In addition, the most com-

mon reason attendees have installed proxy servers prior
to attending the workshop is to provide remote resource

access.

One of the surprising outcomes from the survey is the
use of interception proxies by libraries and institutions.
Almost one quarter of the responses to the "Proxies for
Bandwidth Conservation" question came from libraries
using interception proxies. Although public libraries only
made up 10 percent of the survey responses, two of four
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interception proxy installations are in public libraries.
The great benefit of this type of proxy server is that it per-
forms the proxying function without requiring modifica-
tions to the browser configuration. Consequently, an

institution can use one of these proxy servers for filtering,
bandwidth conservation, or statistics without a visible

impact on the user. Interception proxies cannot be used to
enable remote access to databases.

Interception proxies have caused problems for
libraries in the past, however, especially when installed

by ISPs. The interception proxy changes the IP address of
the client making the request to the IP address of the

interception proxy. As a result, the database vendor
detects the resource request as coming from an IP address
outside the range of the institution's IP addresses, and the
database vendor will deny access. The interception proxy
can typically be bypassed for specified Web servers, but
the library must submit a list of database vendor server
addresses to the ISP for inclusion in the interception
proxy's exception table.

Another surprising result was the lack of privacy state-
ments for the log files of proxy servers. The proxy server's
log files are particularly sensitive because the proxy will
record all accesses by a client. It is possible to reconstruct

the actions and perhaps even the individual searches of a
user by analyzing the log files. As users become more sen-

sitive of their personal information being misused in e-

commerce transactions, patrons may begin to question the
security of their information in the library.

■ View of the Future

Proxy Web servers are beginning to gain acceptance in

library networks. Although the proxy Web function was

included in the first Web server and specified in the first
version of the HTTP protocol specification, widespread
use of proxy Web servers for library issues is only now

being seen. Some libraries have used proxy Web servers

to solve remote access problems, but there are other ways
they can be exploited. What institution doesn't want to
offer access to subscription databases to patrons without
regard to where the patron is physically located? Or ful-
fill a policy directive to control the types of material
accessed at all or a subset of public workstations? Or
extend the life of an expensive connection to the Internet

or a network connection between branches by reducing
repetitive network traffic? Or be assured that the money
spent for subscription databases is effectively used?

Proxy servers, ranging from freely available software

packages to vendor-supplied turnkey systems, can solve
the technical and policy requirements of libraries.

Although proxy Web servers provide a means to

address a number of important library issues, in time one

hopes that better alternatives will evolve to meet some

library needs. Remote resource access is the most popular
use of proxies in libraries today, but it represents a cum-

bersome and inefficient way to solve the remote resource

access problem. These proxies can be complicated to set

up, both for the user and the library, and cause content for
the remote resource user to cross an institution's Internet
connection twice. Proxies for statistics give the library just
a crude measurement of the use of databases, represent-
ing the number of actual HTTP transactions to the data-
base vendor and not the number of searches or records
retrieved by patron search sessions. The adoption of stan-
dards for interinstitution access control and for the gath-
ering of common statistics should reduce the reliance of

proxy servers for these uses. Proxy servers, however, will
likely remain a useful way to reduce bandwidth con-

sumption and implement filtering requirements for some
time to come.
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Appendix A. Web Proxy Use Survey

Introduction

The purpose of this survey is to gather information about
the use of Web proxy servers in libraries. Responses to

this survey may be used in future presentations and pub-
lications. This survey is being conducted in conjunction
with the LITA Regional Institute "Proxy Web Servers and
Authentication."

The survey consists of a group of questions regarding
your library's use or planned use of proxy servers to solve
one or more of these problems:

1. bandwidth conservation;
2. gathering statistics;
3. filtering; and
4. remote resource access.

For each area, you will be asked which proxy server

you are using or plan to use to solve a particular problem
along with followup questions specific to each problem.
You can skip an entire major section if it does not apply to
your institution.

Proxies for Bandwidth Conservation

Proxies for bandwidth conservation are used to reduce

latency (the average time it takes for Web pages to display
due to network delays) and network traffic on your net-
work segments. If you do not use a proxy server for band-
width conservation, you can skip to the next section.

What proxy server does your institution use for band-
width conservation?

Apache
Squid
Delegate
Microsoft Proxy Server
Netscape Proxy Server
WinProxy
WebManager (Sagebrush)
Homegrown software
Other (please specify):
More than one software package
No response

Proxies for Statistics

By forcing all Web requests for Web resources through a

proxy server, an institution can use the log files from the

proxy server to gather statistics on what resources are

used. If you do not use a proxy server for statistics, you
can skip to the next section.

What proxy server does your institution use for statistics?

Apache
Squid
Delegate
Microsoft Proxy Server
Netscape Proxy Server
WinProxy
Obvia

WebManager (Sagebrush)
Homegrown software
Other (please specify):
More than one software package
No response

What statistics program do you use to process the log
files?

Proxies for Filtering

Some proxy servers can be configured to allow access to

only specific Web sites (also known as "allow lists") or
deny access for specified Web sites (also known as "deny
lists"). If you do not use a proxy server for filtering, you
can skip to the next section.

What proxy server does your institution use for filtering?
Apache
Squid
Delegate
Microsoft Proxy Server
Netscape Proxy Server
WinProxy
WebManager (Sagebrush)
Homegrown software
Other (please specify):
More than one software package
No response

For what purpose do you use a filtering proxy server?
Allow lists

Deny lists
Both
Neither
No response

Does your institution use proxy servers for other types of
filtering (such as removing cookies, blocking advertise-
ments, and virus scanning). If so, please describe:
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Proxies for Remote Resource Access

Some proxy servers can be used to provide remote access

to vendor databases from computers outside your insti-
tution's network. If you do not use a proxy server for
remote resource access, you can skip to the next section.

What proxy server does your institution use for remote
resource access?

Apache
Squid
Delegate
Microsoft Proxy Server
Netscape Proxy Server
WinProxy
Ezproxy
Obvia

WebManager (Sagebrush)
Remote Patron Authentication from epixtech
Web Access Management (WAM) from Innovative
Interfaces

Homegrown software
Other (please specify):
More than one software package
No response

If your proxy server requires users to make changes to

their browser configuration, do you provide instructions
on your Web site?

Yes; please list URL:
No
No response

Other Uses of Proxy Servers

Is your library using proxy servers for another reason? If
so, please describe:

Does your library publish a statement regarding the type
and amount of information collected by the proxy server,
and the use and disposition of proxy server log files?

Yes; please list URL if published on your Web site:

No
No response

Demographics

Type of library
Academic
Public
School

Corporate
Special
Other (please specify):
No response

Where did you hear about this survey?
Posting on Web4Lib

Posting on PACS-L

Posting on LITA-L

Posting on Teknoids
Posting on SYSLIB-L

Posting on LIS-LINK
Posting on PUBLIB-NET
E-mail received because I attended a LITA Regional
Institute
Word-of-mouth
Nick Moore's column in Library Review
Other (please specify):
No response

Institution name:

Your name:

Your e-mail address:

Your name, institution, and e-mail address are

optional. This information will be used for followup to

survey answers, and will not be published or disclosed to
third parties without your consent.
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eThemes: An Internet

Instructional Resource Service
Feng-Kwei Wang

and John Wedman

Many studies indicate that computer technology has the

potential of changing teachers' pedagogical practices. This
paper describes a major initiative to support teachers in

integrating Internet resources into the instructional

process while shifting their instruction to a more construe-

tivist approach. Referred to as eThemes, this service accepts
requests from teachers, finds Web sites that meet the

requirements specified in the requests, and creates an

archive of quality Internet resources for easy access and

searching. It minimizes teachers' resource-seeking time

and maximizes their resource-using time in their instruc-

tion to enhance teaching practice and student performance.

. . . the real promise of technology in education lies in
its potential to facilitate fundamental, qualitative
changes in the nature of teaching and learning.1

Is
the "real promise" of technology in education being

fulfilled? The literature indicates that computer tech-
nology has the potential of changing teachers' peda-

gogical practices.2 However, such changes are not

automatic; teachers must be supported as they trans-

form their teaching to take advantage of computer tech-
nology and digital information resources.

Supporting teachers in the process of changing their
instructional practice is a multifaceted effort. Performance

expectations must be communicated; teaching and learning
resources must be available; rewards and incentives must
be provided; and knowledge and skills must be developed. 3
This paper describes a major initiative to support teachers
in integrating Internet resources into the instructional

process while shifting their instruction to a more construe-
tivist approach.4 The article begins with the background of
the project followed by the challenges being addressed;
specific attention is given to improving resource availability
while minimizing the demand on teachers' time. Evaluative
data regarding the project are included, providing a context
for future efforts to facilitate change in teacher practices.

■ Background

Like educators across the nation, Missouri teachers are

working to change their instructional practices to incor-

porate technology in their teaching, the goal being to

improve student performance as measured by state per-
formance assessments. In 1997, MOREnet, the primary
Internet Service Provider (ISP) for K-12, higher educa-
tion, and public libraries in Missouri, launched the
Multimedia Interactive Networked Technologies (MINTs)

project. Consisting of selected classrooms in six schools in
the greater St. Louis area, MINTs was designed to raise
student performance and change teacher practice
through the infusion of technology into the classroom. By
placing state-of-the-art technology in the hands of teach-
ers and students and eliminating the technology barriers
traditionally experienced by schools, this project encour-
aged a new way of teaching—a way that engaged stu-

dents by making resources available in a learning
environment that fostered cooperation, collaboration,
problem solving, and higher order thinking skills.

The accomplishments of the MINTs project received
national recognition; the project was awarded the 1999

Computerworld Award from the Smithsonian Institution.
At the state level, the project was considered so success-

ful that it prompted the Missouri Commissioner of
Education to launch a statewide initiative to change the

way Missouri was thinking about educating its K-12 stu-

dents. This new initiative was dubbed eMINTS—

Enhancing Missouri's Instructional Networked Teaching
Strategies. In the fall of 2000, the eMINTS project
involved 188 third and fourth grade teachers in eighty-
eight school districts throughout Missouri. Each teacher's
classroom had a teacher workstation with desktop video,
a SmartBoard and projection system, student worksta-
tions with a 2:1 student-to-computer ratio, and a fast
Internet connection. As described below, this significant
investment in hardware and networking was necessary,
but not sufficient, to achieve the dual goals of changing
teacher practices and improving student performance.

eMINTS Challenges

Like any large-scale, systemic change effort, eMINTS was

confronted with many interrelated challenges, including:
1. communicating clear expectations and feedback to

the teachers,
2. providing responsive technical support,
3. developing teachers' knowledge and skills, and
4. making high-quality teaching and learning resources

accessible.

A brief overview of how these challenges are being
addressed is offered in the following paragraphs, as is an

in-depth look at the complexities of providing high-quality
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teaching and learning resources to eMINTS teachers and
their students.

The eMINTS teachers are expected to use technology
to support teaching and learning consistent with a con-

structivist framework. The project adopted Learning with

Technology: A Constructivist Approach as a means of setting
and communicating performance expectations for teach-
ers.5 Online discussions, periodic training sessions, and
individual consultation are used to help communicate the

expectations.
Technical support for the project is available at two

levels. At the state level, MOREnet (www.more.net) pro-
vides the Internet service to the participating school dis-
tricts. At the local level, the school district's technical

personnel are available to resolve technical problems in

the classrooms. MOREnet also provides technical training
to the school district technical staff, with special attention
given to the technology used in the eMINTS classrooms.

EMINTS teachers' knowledge and skills (technical
and pedagogical) are developed through a range of activ-
ities consisting of over one hundred hours of professional
development per year. This training is supplemented
with one-on-one consulting provided by MOREnet staff
distributed across the state. Additionally, informal,
teacher-to-teacher training is common throughout the
eMINTS project.

The technology resources available to eMINTS teach-
ers included software, hardware, and networking. A
word processor, spreadsheet, presentation tool, browser,
and keyboarding tutorial was installed on modern work-
stations (two students per computer). The software was

selected to decrease the likelihood that drill and practice
applications would dominate. EMINTS networking con-

sists of a T-l line to each participating school district, with
the district being responsible for the wide-area and local-
area networking to the building and classrooms.

One of the lessons learned from the MINTS project
was that teachers were quick to integrate Internet
resources in their instruction, primarily in the form of
Web sites related to teaching units. However, we also
learned the technology infrastructure for tapping into
Internet resources was inadequate in terms of sustaining
changes in teacher practice. While the teachers valued
Internet resources for supporting teaching and learning,
three resource-access barriers were identified: (1) limited
search skills on the part of teachers; (2) lack of teachers'
time to find and maintain resources (such as "fixing" bro-
ken resource links); and (3) minimal resource sharing
among eMINTS teachers.

These three barriers are not unique to the eMINTS

project. Balas and Snow pointed out that without master-
ing several Internet search techniques, information seek-
ers may get unexpected or inconsistent search results.6

The complexity of the resource finding task is exacer-

bated by the fact that Web content increases by more than

3.2 million new pages and more than 715,000 images
every twenty-four hours.7 To illustrate this point, a key-
word search of "Missouri History" using Yahoo! returned
nineteen matched categories and 204 matched sites in

early November 2000. Four weeks later, the same search
returned twenty matched categories and 222 matched
sites. Information overload and content reliability on the
Internet become untamed problems for educational pro-
fessionals who utilize Internet resources.8 In fact, accord-
ing to an Internet user survey conducted by the Georgia
Institute of Technology, Internet users ranked broken
links as the second most frequently cited problem on the
Internet.9 The critical point here is that maintaining a cur-

rent list of high-quality Internet resources is a difficult
and time-consuming task, which most teachers are too

busy to carry out. 10
Even if all eMINTS teachers had the required search

skills and the time to apply them, the practice of individ-
ual teachers finding and maintaining an inventory of
Internet resources is grossly inefficient. For example, in
the eMINTS project, there are approximately ninety-five
third-grade teachers, all of whom use the same state-man-
dated standards (www.dese.state.mo.us/standards) to

guide their instruction. A common component of the
third grade curriculum is Missouri history. Little is gained
by having each third grade teacher individually find,
review, and catalog Internet resources for Missouri his-

tory.
The skill, time, and resource-sharing barriers

described above were identified through focus group
interviews with MINTS and eMINTS teachers and
resulted in the generation of a solution considered to be

quickly scalable to other grade levels and transportable to
other states.

■ The Solution—Internet
Instructional Resource Service

The need to minimize teachers' resource-seeking time
and to maximize their resource-using time gave rise to a

new venture—the Internet instructional resource service.
Referred to as "eThemes," this venture is described below
from service, process, and technical perspectives.

■ eThemes Service Perspective
As a service, eThemes accepts Internet resource requests
from eMINTS teachers. Graduate assistants with library
science and educational technology backgrounds serve as

Internet resource scouts for the eMINTS teachers. The
scouts find Web sites that meet the requirements specified
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in the request, and distribute their search results in a way
that is accessible to all teachers (including teachers not

involved in the eMINTS project). Since its launch in late
1999, the eThemes service has fulfilled nearly two hun-
dred resource requests, cross-referencing approximately
one thousand Web sites appropriate for third and fourth

grade learners to the Missouri student performance stan-

dards. The resource scouts are trained to use many Web
search engines and online databases, thus increasing the
likelihood that helpful resources are found. A "link
checker" is used daily to find broken links, enabling the
resource scouts to isolate and resolve broken link prob-
lems before they appear in the classroom. Periodically, the
existing resources are reviewed and updated with the
most current Internet Web sites available.

■ eThemes Process Perspective

As a process, eThemes is a means of finding, organizing,
and managing Internet resources for teaching. As

depicted in figure 1, the eThemes process starts with a

request by an eMINTS teacher. Once the resource request
is received, a resource scout is assigned to search Web
sites that match the criteria of the request. Then, an

eThemes resource record that contains the information of
matched Internet resources is created and published in
the eThemes database. Meanwhile, an e-mail notification
is sent to the requester who then reviews the resources

found by the scout and potentially provides feedback for
the resource scout to consider in revising the search. Once
a resource record is published, other teachers can access

and search the database for resource records that can be
used in their instruction.

■ eThemes Technical Perspective

As a database, eThemes is a Web-based system that uses
Oracle database software to:

1. collect and catalog resource requests from eMINTS
teachers;

2. organize and display the Web sites found by the
resource scouts that match the resource request;
and

3. provide efficient search processes so that all teach-
ers can quickly locate high-quality Internet

resources linked to the Missouri student standards.

These three functions are supported by the three primary
modules in the eThemes database—Request Fulfillment,
Resource Search, and Resource Administration (see figure
2 for eThemes' main menu).

The Request Fulfillment module keeps track of the

requests that eMINTS teachers make for resource scout-

ing services. A request record contains information about
the content and format of the Web sites the requester
wants a scout to find. Figure 3 shows a request example.
The output of a request is a resource record (simply called
"resource" in eThemes). An eThemes resource is a collec-
tion of Web sites and information describing the scope of
the collection. Figure 4 shows a resource example.

The Resource Search module allows a teacher to use

keywords, names, grade levels, and Missouri education
standards to help teachers quickly find Internet
resources they want. The search results can be sorted by

Requester
Revised Resource Search
info Scout enteria

Figure 1. Process Flow of the eThemes Service
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their relevance to the search query or by the alphabetic
order of the resource names. Figure 5 shows the search
menu.

The Resource Administration module is the place
where the service team manages their services. The
administration module contains the functions for a scout
to create and revise an eThemes resource based on a

request. The module tells which requests are new, which

requests are assigned to whom, and which requests are

fulfilled. In addition, it has a link checker that checks bro-
ken links on a regular basis with an automatic mechanism
to inform the service team and the link users. Also, a

monthly usage report is generated for the management to
track the eThemes services. Figure 6 shows the adminis-
trative menu.

■ eThemes Formative Evaluation

The eThemes service, including testing the functional

prototype, has been in operation for approximately one

year. To evaluate the quality of the service (including
technical functionality), nine focus group interviews with

participating eMINTS teachers were conducted by the
Office of Social and Economic Data Analysis at University
of Missouri in the summer of 2000. The results of the eval-
uation are summarized below.
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Value of the eThemes Service

The most common benefit attributed to eThemes was that
the service was a timesaver for teachers. One teacher indi-
cated she needed information on China and projected
that the search "... would have taken me days or weeks."
Instead this teacher used eThemes and commented she

appreciated the time saved. During another interview,
one teacher commented that many hours could be spent
trying to find specific graphics. The evaluator asked for
an example and the teacher commented she needed a

moving wagon graphic and that she had submitted the

request to eThemes. The interview was stopped to allow
the teacher time to check her e-mail to see if the eThemes
had answered her request. The request had been filled,
and she was delighted with the results.

Beyond the timesaving quality, virtually all of the
interviewed teachers had positive things to say about the
usefulness of the materials that they received. The teach-
ers reported receiving multiple sites that could be used in
their lessons, and many reported receiving more materi-
als than they expected.

Central to the value of the eThemes service were the
activities of the resource scouts. Many teachers relayed
how cordial the scouts were. Several teachers were

impressed by the responsiveness of the scouts and
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Figure 6. eThemes Administration Menu

appreciated their efforts to provide useful and appropri-
ate Internet resources for their students. By and large the
teachers were satisfied with the turnaround time for
resources. The following comment is typical, "Anytime

I've requested anything from them, they've been fast."
The scouts are perceived as an important resource for
teachers, especially as teachers develop new lessons

using Internet resources.

Possible Areas for Improvement

In addition to underscoring the valuable service provided
by eThemes, the formative evaluation served to point out
areas needing improvement. First, the teachers' opinions
about access to the eThemes archive vary widely. Some
teachers thought that the archive is easy to understand
and work through. These teachers went to the Search
module first because chances are that whatever they were
looking for had already been collected. However, another
teacher commented she accidentally found the archive,
and one teacher said that she did not know what the oth-
ers were talking about, that she had never accessed an

archive.
Second, while most participants agreed that the sub-

ject matter of the Web sites was appropriate for their stu-
dents, some felt the sites need to be more thoroughly
researched for content appropriate for an elementary
school audience. However, opinions varied widely in
terms of what guidelines could be used to determine if a

given Web site was appropriate.
Third, several participants thought that access to "hot

lists" of sites used by other teachers would be valuable. A
hot list would be comprised of those sites contained
within a given eThemes resource and found to be partic-
ularly valuable by teachers who used them in teaching.
Although eThemes was referred to as an excellent
resource, the teachers said they still had to figure out the
links and see what was appropriate. If another teacher
used the site, however, they felt more assured that the site
was classroom ready.

■ Conclusion

Changing teaching practice to impact student performance
is a complex task involving new expectations and feedback,
appropriate rewards and incentives, up-to-date knowledge
and skills, and the tools and resources needed to fulfill the

expectations. The eThemes service described in this paper
rests within the context of a comprehensive effort to change
teaching practice in Missouri. Early indications are that the

challenge is at least as great as anticipated at the onset of the
eMINTS initiative. While the investment has been signifi-
cant in terms of money, time, and resources, eMINTS has

generated several valuable resources, such as eThemes, that
are readily scalable across the entire K-12 curriculum in

Missouri, and with slight modification to all states that have
identified student performance standards.
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Missouri is not alone in its efforts to provide ready
access to Internet resources. For example, the California
Instructional Technology Clearinghouse (http://
clearinghouse.kl2.ca.us) parallels eThemes in some

respects. The same can be said for TrackStar (http://
trackstar.hprtec.org) supported by the High Plains

Regional Consortium for Educational Technology. What
differentiates eThemes from others is the recognition that
Internet resource access involves much more than con-

nectivity, a computer, a browser, and a database of Web-
site information. eThemes is an integrated, responsive set

of services and support that meets the needs of teachers

using Internet resources. Indeed, eThemes appears to be
about building relationships of credibility between the
scouts and the teachers while providing a service that

supports changes in teaching practice and improvements
in student performance.
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A Personalized
Information Environment
for Digital Libraries

Champa Jayawardana,
K. Priyantha Hewagamage,

and Masahito Hirakawa

A digital library provides one of the most important infor-
mation environments in which to retrieve and refer to

appropriate information directly online. Different library
users will have different personal requirements and inter-
ests in the use of library materials. Hence, personalization
is an essential service that should be provided to users to

allow them to create their own personalized information
environments. Two stages, material personalization and
collection personalization, are discussed. In material per-
sonalization, library users can create customized views,
called personal documents, in the form of virtual docu-
ments. In collection personalization, these personal docu-
ments are used to generate the profiles that describe the
user's working context and interests. The main purpose is

to provide a personalized view in the usage as well as the

organization ofdigital library materials. In this paper, we
describe three skills, active reading, personalized retrieval,
and personalized filtering, which are considered essential
to construct a personalized information environment in

the digital library.

To
make a digital library attractive and to encourage

its use, it is necessary for the library environment
to provide new and value-added services beyond

the conventional distribution and access mechanisms.
One of the exciting new areas of service is information

personalization on the basis of the user's personal
requirements and interests.

Library users access a digital library for different pur-
poses. Some users may access the library to read, listen to,
or watch materials for relaxation, entertainment, hobby, or
just on their routine visits to the library. Others may access

the library to gather information in accordance with their

particular specific purposes or tasks. We identify the latter

group as academic users. An academic user is always an

active reader who may access a large collection of materi-
als during a considerable period of time.1 Such users collect
and modify a large amount of information for different

purposes from many sources, adding annotations to

improve its value. Again, these activities are carried out

according to users' personal requirements of information
usage in the digital library. Hence, in the library environ-
ment, users expect more than being able to filter, retrieve,
and refer to library materials, and they prefer to use them
as their own personal sources of information.

It is therefore necessary that the digital library environ-
ment should support personalization services. Such serv-

ices must provide facilities to satisfy the user's personal
requirements and interests for the digital library. In our

opinion, personalization is not a linear facility that goes
from the library to its subscribers/users, because individual
requirements and interests change from time to time even

with respect to a particular single user. Hence, the success

of personalization depends on the way those requirements
and interests are captured implicitly in a cyclic process
between the library and the user. We classify personaliza-
tion into two stages: material personalization and collection
personalization.2 In material personalization, facilities are

provided for users to acquire library materials according to
their individual requirements. Specifically, they allow users

to carry out active reading on library materials. Collection

personalization, on the other hand, captures the user's

working context and interest in order to provide a person-
alized view of the organization of library materials.

Currently, in the majority of studies with respect to per-
sonalization in digital libraries, the main issue addressed

corresponds to information-filtering based on the user's
interest profile, which is a part of collection personaliza-
tion.3 At the same time, there is little study with respect to
material personalization. More importantly, these two have
been discussed separately although they benefit each other.
In this paper, we present in detail both material personal-
ization and collection personalization while showing how
the former benefits the latter. These two schemes provide
the foundation to develop integrated tools for the success of
a personalized information environment in a digital library.

In section 2, we first explain about the expectations of
a large information space for personalized information
environments. Material personalization is described in

detail with the personal document model in section 3. In

section 4, the details of collection personalization are

given. This section also describes how to generate the

profiles of personal documents and the user's interest

profile to support the collection personalization. A proto-
type system that has been developed is presented in sec-

tion 5. The related work is summarized in section 6 and
the conclusion is given in section 7.

■ Personalized Information
Environments

Bush identified the necessity of a personalized informa-
tion environment and felt that current mechanisms for
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dealing with information were wholly inadequate given
the volume of work being produced.4 He then presented
his vision of the Memex, a tool that would allow its user

to note, bookmark, and organize information in whatever
fashion made most sense to that user. Later this work

gave motivation and direction to many research studies
in information storage and retrieval.

The personalized information environment is a frame-
work of integrated sets of tools that allow users to create

their own view of a large diverse information space
through a highly customizable access. The main issues for
a personalized information environment are customizabil-
ity of information resources, and effective and efficient
search of them. Public information spaces are not devel-

oped for specific user-interests and requirements, but are
organized to meet the needs of a general user group using
published information about sources. Hence, access capa-
bility to information is often poor and the awareness of the
existence of specific data is becoming increasingly difficult.
What is needed is a set of tools that enable users to create a

personal collection of information resources based on their
interests and working requirements. In other words, these
tools should provide facilities to personalize content,
organization, and finding of information resources.

In our vision, a personalized information environ-
ment should provide a user-centered and user-organized
information space. When users select particular informa-
tion sources, they may prefer to modify the appearance of
the content based on their personal preferences, and to

use them in a way that satisfies their individual require-
ments. Hence, they will be able to carry out activities such
as active reading.5 On the other hand, the organization of
this information space must be helpful for users with

respect to what they have been doing. Then the retrieval
and filtering of the information resources become more

effective while providing a personalized view of the
information space.

In contrast to the typical search of multiple informa-
tion sources, where the search engine controls which
resources or categories are explored, a personalized infor-
mation environment places the control in the user's
hands. Although the main searching facility would be
centralized in a server, many controls are supposed to be
decentralized at client sides. It would then be possible to

search a subset of items that are already known to the
user as well as to direct queries to subcategories identi-
fied in the information space. In addition, these controls

may modify the user's queries to improve their effective-
ness, send them to each of the engines, collect the results,
and present them to the user in an intelligent manner. At
the same time, the information space would be diverse
with a continuous flow of new materials. Hence, the fil-
tering which must be available to maintain a better
awareness also plays an important role in providing a

personalized view of the information space.

In this paper, we present a user-centered framework
called the personalized information environment for dig-
ital libraries based on the two ideas of personalization
called material personalization and collection personal-
ization. Figure 1 shows a conceptual view of the proposed
framework.

Tools that are developed to maintain the personalized
information environment are incorporated in a single
framework, which makes it possible to enhance the pro-
ductivity of customizability, retrieval, and filtering. In this
paper, we show how an active reading tool developed in
material personalization improves the retrieving and fil-

tering facilities in collection personalization.

■ Material Personalization

When digital library users find useful library materials,
they regard them as their own personal information
resources. The task of customizing digital library materi-
als according to personal requirements is called material
personalization. These personal requirements include

annotating, modifying, formatting, and integrating the
collected information. By providing facilities for material

personalization, the digital library enables its users to

carry out active reading on library materials.

Active Reading

Reading frequently involves not just looking at words on
a page, but also underlining, highlighting, and making

Figure 1. Overview of the Personalized Information Environment
for a Digital Library
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notes either in the text or in a separate book. This combi-
nation of reading with critical thinking and learning is a

common behavior of academic users. It is generally
referred to as active reading. 6

Although the way users interact with digital libraries
differs from their interaction with conventional libraries,
the primary requirements and ultimate objectives of the
data gathering process remain the same. In a conven-

tional library, the materials collected from the library are

public items that should be treated with care and
returned without any marks on them. In such a situation,
people use a notebook to keep a record of things, making
notes of important parts from several materials. If some-

thing is very useful for their studies, users may keep a

copy of it for future reference in their personal libraries.
The personal library contains such personal docu-

ments as notebooks, articles, and books belonging to the
user. Later, the user can access personal library materials
for different purposes. When reading the materials from
the personal library, the user can modify them by adding
annotations to improve their value, underline or high-
light some important sentences or phrases, and organize
them according to personal requirements. Those activities
are considered as the user's active reading activities.

In order to provide similar functionality for the active

reading process in a digital library environment, we car-

ried out an investigation by interviewing the actual

library users in our university. Based on the gathered
results, we determined that the following information
activities should be supported for material personaliza-
tion. Studies done by Nancy et al., Marchionini, and
Dillon also verify these points. 7

■ Library users collect information from the digital
library by writing down pertinent sections in their
notebooks and copying important articles and books

■ Library users maintain their personal libraries to

store the collected information
■ Library users organize the structure of the materials
in their personal library (collected information)

■ Library users customize the contents of library mate-
rials by annotating, formatting, modifying, integrat-
ing, summarizing, collecting, and term-defining

Design for the User's Interaction in Material
Personalization

To achieve information activities described in the previ-
ous section, we designed a model for interaction while

combining both the digital library and the user's personal
library.

Figure 2 describes how the user-interaction is pro-
vided for material personalization. The digital library is a

collection of digital objects (referred to as library books or
materials) organized in a computer system to provide

library services. We consider these digital objects to be the
same as published materials, which have some copyright
requirements. 8 Since the library possesses the ownership
of these materials, it is a responsibility of library service

providers to protect them from illegal usage whenever a
third party borrows them. A personal document, on the
other hand, belongs to a subscriber of the library who can

edit its contents as desired, for example, by adding anno-

tations, by virtually deleting (hiding), and by changing its
appearance. Hence, a personal document is proposed as a

virtual document for the library user.
9

In this interaction model, the user first selects a

required library book from the digital library and refers it.
At that time, the user can create or open a personal docu-
ment with a specific purpose. When some important
parts are found in the library book, the user copies them
to the personal document. Such important parts are called
"booksegments." The process of copying to a virtual doc-
ument is implemented by shallow copy, which is the key
technique used to link parts from library books to per-
sonal documents. 10 Basically, in shallow copy, only a

pointer to the copied segment is stored and no physical
copy of material is made. Thus, this shallow copy tech-

nique safeguards the copyrights and ownership require-
ments of digital library materials.

The documents in the personal library are categorized
into three groupings according to their virtual contents.

They are notebooks, personalized articles, and personal-
ized books. A notebook is the simplest form of a personal
document and allows the user to integrate different seg-
ments of library materials while also adding annotations.

The personalized articles and personalized books are to

provide personalized views of the library materials. A

personalized article corresponds to a logical part of

library material such as an article from a magazine or a

Personal

Library

Personalized Personalized Notebooks
Books Articles

u

Figure 2. Interaction for Material Personalization
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chapter of a book. A personalized book, on the other

hand, corresponds to the whole of library material. The
content development of those personal documents is car-
ried out by using functions assigned from the personal
document model.

Personal Document Model

The personal document model is designed to develop the

system for material personalization in a digital library. It
is actually an extended version of the notebook model.11

The architecture of the personal document model inte-
grates documents in the personal library with those in the

digital library, supporting the development of the inter-
face for material personalization of a digital library. It
mainly consists of the document architecture, and func-
tions for the content management in personal documents.

Document Architecture

Figure 3 illustrates the document architecture of the per-
sonal document model and it describes how a personal
document exists as a personalized view of library materi-
als and their relationships in a virtual authoring process.
A class hierarchy is used to describe all documents

together with their constituents. Attributes are used to

describe specific properties of documents. In this archi-

tecture, classes are defined considering subscribers' data-

gathering processes in a real-world library environment.
DocObject class is the based class for the whole class

hierarchy and maintains the primitive attributes for all
subdocument classes. LibDoc class corresponds to library
materials in the digital library with properties protecting
their copyrights. A library document is also considered as

a combination of text and image objects, which are instan-
tiated under TextObject and ImageObject classes. On the
other hand, PersonalDoc class defines in general the logi-
cal elements for the personal library. They correspond to

personal documents described in the previous section.

Thus, three subclasses, Notebook, Personalized Book,
and Personalized Article, are declared to maintain their
classification together with their relationships to library
materials. In other words, objects in these three subclasses
are specific instances of personal documents.

Functions

Functions in the personal document model define behav-
ioral aspects in which the user interacts with the contents
of personal documents. On the other hand, they provide
the mechanism for active reading activities. When the
user applies these functions, the relevant instructions are

generated for the content management of personal docu-
ments. Many of these functions appear as normal editing
functions found in the authoring of the document. But

some of them are declared considering specific features of
personal documents and we briefly describe them below.

Shallow Copying
Shallow copy is the main technique for the creation of

personal documents as a kind of virtual documents. 12

When data are copied from one library document to a

personal document, only the addresses of the source data
are persistent inside the target. Hence it requires fetching
the actual content from the original source whenever the
document is opened for browsing or editing. This tech-

nique supports both the text and image data irrespective
of their data formats. The addresses of segments are

determined after projecting them to a virtual coordinates

system. Java virtual machine provides facilities for the

practical implementation. 13 This function also adheres to

the concept of transculation advocated by Ted Nelson. 14

Annotating
This function inserts the library user's own narrations or
comments into personal documents. They are probably
based on the reader's own thoughts and become new

artifacts on top of the published materials.

Virtual Deleting
This enables the user to hide some contents shown in per-
sonal documents. Probably such contents may represent
minutiae or things the reader is not interested in.

Summarizing
The summarizing function allows retrieval of the sum-

mary of a document based on a specific set of rules that
the user may have designated. It can also be used to inter-
actively redefine the summary of a document by selecting
parts such as headings or highlighted sentences in a per-
sonal document.

Figure 3. Document Architecture of the Personal Document Model
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Collecting
The collecting function supports the creation of a new

personal document by integrating existing personal doc-
uments in the personal library. Such a new document
would probably represent an abstract discussion about
those existing documents or particular user-defined hier-
archy for the document organization.
Term-Defining
This function extends the reader's vocabulary and inserts
or redefines terms in the personal dictionary of the per-
sonal library. The personal dictionary is a special personal
document used to represent selected dictionaries in the

digital library.

I Collection Personalization

The main emphasis of collection personalization is to pro-
vide skills which can be used to define a personalized
view of the organization of the digital library. The user

becomes able to easily interact with, obtain, and receive
information sources in the digital library. As a result, it
would reduce the problem of information overload that is
encountered in a dynamic and heterogeneous informa-
tion environment. The success of this collection personal-
ization mainly depends on the way in which the user's
information needs are captured and maintained during
the usage of the digital library.

Traditionally, personalization is addressed to cus-

tomize the retrieving or filtering of information from

dynamic sources with respect to the user's interest.

However, collection personalization is based not only on
the user's interest but also on the user's working context.
The user's working context describes the user's current

information requirements whenever the digital library is
accessed. Generally, people access the library with differ-
ent purposes that necessitate some information sources

that would be different from their current personal inter-
ests. For example, a graduate student may want to refer
to certain studies in image processing as a part of his or

her course work though it would not be his or her per-
sonal interest. But the system should be able to personal-
ize based on such short-term personal requirements
during the usage of the library. Hence, in this research,
collection personalization is designed to provide skills
such as personalized retrieving and personalized filtering
based on both the user's interest and the user's working
context.

In this section, we are presenting how information
needs with respect to personal interest and working con-

text are captured and maintained using the personal doc-
uments introduced in the material personalization stage.
As we stated earlier, the personal documents provide the
mechanism to personalize the library materials depend

ing on the user's personal requirements. Therefore, the
user's interest can be identified by considering the con-

tents of all personal documents, and the current working
context can be identified by considering the contents of
the currently opened personal documents. Hence, by ana-
lyzing the content of a personal document, personal inter-
est and working context can be captured. It is understood
that there are two types of knowledge—content-based
knowledge and context-based knowledge—in the per-
sonal document. A separate profile is maintained for each

personal document with both content-based knowledge
and context-based knowledge. Using these profiles, an
interest profile is generated. Figure 4 illustrates how these

profiles of personal documents and the user's interest

profile are related in the personalized retrieving and fil-

tering processes.
A profile is maintained for each personal document

and an interest profile is generated based on all those pro-
files. Personalized retrieving and personalized filtering
are the main processes in collection personalization. All
profiles of the personal documents, the interest profile,
and the history file (which contains the user's access infor-

mation) provide the required information for the success

of the personalized retrieving and filtering processes.
More details are described in the next subsections.

Profiles of Personal Documents

As described in the section on material personalization,
the user creates a personal document to interact with and

manage the information found in library materials. Some
personal documents, specifically notebooks, correspond
to many library materials and they contain selected seg-
ments. Others probably are based on a single library

Personal Library
(Client Side)

•Library materials

i Digital library
(,Server Side)

Figure 4. Information Flow in the Collection Personalization
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