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ABSTRACT

As an approach that applies not only to support user nav-
igation on the Web, recommender systems have been built
to assist and augment the natural social process of asking
for recommendations from other people. In a typical recom-
mender system, people provide suggestions as inputs, which
the system aggregates and directs to appropriate recipients.
In some cases, the primary computation is in the aggrega-
tion; in others, the value of the system lies in its ability to
make good matches between the recommenders and those
seeking recommendations.

In this paper, we discuss the architectural and design
features of WebMemex, a system that (a) provides recom-
mended information based on the captured history of nav-
igation from a list of people well-known to the users — in-
cluding the users themselves, (b) allows users to have access
from any networked machine, (c) demands user authentica-
tion to access the repository of recommendations and (d)
allows users to specify when the capture of their history
should be performed.

Categories and Subject Descriptors

H.3 [Information Systems]: Information Storage and Re-
trieval; H.3.3 [Information Storage and Retrieval]: In-
formation Search and Retrieval—Search process; H.5.4 [ In-
terfaces and Presentation|: Hypertext/Hypermedia—
Navigation.

General Terms
Design, Algorithms, Theory.
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1. INTRODUCTION

The effort of finding information over the Web has been
greatly facilitated over the recent years with significant im-
provements in the quality of the results returned by search
engines. Two issues arise because search engines depend on
a set of words given by users. First, the number of keywords
provided by users is often suggested to be small [1]. Second,
users must formulate an appropriate query for search engines
to return completely satisfactory results. Thus, the chal-
lenge lies in providing search platforms with enough context
about what users need. The use of local browsing context
can help refine queries [31]; this typically involves the moni-
toring of the users’ browsing activity. However, what defines
the scope of browsing context is a difficult challenge.

Even after coming across potentially useful information,
another hard task for users is to know if that information will
be valuable again in the future. Too often, when we want to
retrieve previously viewed information, we have either for-
gotten to bookmark the relevant URL or we cannot use the
history mechanism stored on the browser machines. Exist-
ing history mechanisms do not provide appropriate search-
ing services on the recorded data. Moreover, the existence of
bookmarks and browsing histories tied to specific browsers
or specific machines makes them less useful to people who
use more than one computer or different browsers.

Recommendation systems are another category of appli-
cation aimed at supporting users when searching for in-
formation. They are based on the idea that users often face
the problem of having to make choices without sufficient ex-
perience and can use other people’s recommendations. Rec-
ommendation systems leverage the notion that people are
better at recognizing information needed that they see than
at handling keywords over search engines [29]. Whereas the
algorithms used by recommendation systems are not usu-
ally intuitive to the users, it can be assumed that friends
have common understandings and interests. Sinha et alli’s
study indicates that users still perceive friends as the best
source of good and useful recommendations and have very
high trust in their recommended information [35].

In this paper, we present WebMemex, a system geared
towards making recommendations based on those pages the
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over, the captured information may be shared with other
people users know, in a manner of suggesting related in-



formation during their Web experience. In order to pre-
serve privacy, users can explicitly disable the capture of their
browsing activity. The WebMemex prototyped assists the
users through a set of different infrastructures and applica-
tions supported by an open architecture. This system: (a)
captures navigation using an extensible capture and access
infrastructure [36]; (b) identifies semantic relationships be-
tween Web pages browsed by users using a linking server
that manipulates semantic as similarity of terms according
to Latent Semantic Indexing theory [27] [28]; (c) stores the
associations identified in an open linkbase [8]; (d) handles
the groups of people each user wants to share information
with using The Yohoo! Messenger™ [5]. These character-
istics make WebMemex an example of applying open hyper-
media technology on the Web in this case, specially to create
a recommender system.

The remainder of this paper is organized as follows. In
Section 2, we briefly discuss the approaches of information
retrieval and open hypermedia systems that we explored in
WebMemex. In Section 3, we present the architecture and
implementation details of the WebMemex. We also show
how the system is used and discuss general issues such as
privacy and social conventions. In Section 4, we describe
an initial study of the WebMemex recommendation system
used by two small groups of users. In Section 5, we discuss
related work. We conclude with some discussion and some
future directions of this work in Section 6.

2. BACKGROUND

Navigation on the World Wide Web relies on two main
technical basis: selection of hypertext links or queries on
search engines. While each technique constitutes a different
paradigm, both are interesting in defining links to support
user navigations over information.

Elaborated linking models are usually supported by open
hypermedia systems (OHS); an open hypermedia system
is a middleware that provides applications with hyperme-
dia linking functionality orthogonally to their storage and
display functionalities [14]. In open hypermedia systems,
links are managed and stored in special databases called
linkbases: the idea is to abstract links from documents and
to store them in a linkbase. This approach incorporates
flexibility to the documents since it allows the addition of
hypermedia functionality to any document without chang-
ing the original document’s format or embedding mark-up
information within it. Several works have demonstrated the
appropriateness of the open hypermedia approach [11] [16]
[21], and a protocol [14] has been proposed towards allow-
ing the interchange of information among applications. In
this paper, we propose an application which is continuously
recording users’ Web surfing activity and using it to au-
tomatically define links between related documents visited.
After that, the application sends the created links to a open
hypermedia service called Web Linkbase Service (WLS).
WLS is an XML-based open linkbase service for the Web
that aims at (a) providing hypermedia functionalities to a
set of non-hypermedia XML applications and (b) allowing
the integration of these applications [8].

For some years, researchers have presented studies that
support the definition of links using Information Retrieval
approaches [7] [19] [33]. Some of those studies explore (a)
the use of models of representation of information such as
the vector model and the probabilistic model to represent

information to be navigated and (b) the manipulation of
matching mechanisms such as lexical chains [20] and Latent
Semantic Indexing (LSI) [17] to identify similarities between
text elements in order to define hypertext links. The simi-
larities defined by LSI are based on closeness of terms in a
semantic space built according to co-occurrence of all terms
of collection of documents manipulated. There are other ap-
proaches for describing semantic content and similarity; for
instance, ontological reasoning services are used to represent
conceptual models of document, terms and their relation-
ships. By using predefined ontology based on a thesaurus,
resource information can be manipulated for navigational
purposes [12].

We are interested in the construction of services that au-
tomatically identify links among homogeneous repositories.
We first adopted the use of a simple matching algorithm to
identify lexical links. This service was experimented over
two complementary repositories associated to the same ma-
terial in a graduate course [30]. In another opportunity,
we explored Latent Semantic Indexing [17] to overcome the
polysemy’ and synonymy? problems related to the use of
lexical based analysis [28], manipulated the links in an OHS
system [27] and supported feedback from users [26]. We
have integrated the results of the research in a Web-based
linking service called LinkDigger [10].

3. THE WEBMEMEX SYSTEM

To capture user navigations on the Web, the WebMemex
system records the visited URLs into the LinkDigger sys-
tem which supports the creation of links automatically over
those web pages browsed. All links defined are managed by
the open linkbase WLS. In this section, we first discuss the
architecture of WebMemex and its components. We then
illustrate how the system is used and conclude by discussing
general issues including privacy and social conventions.

3.1 The Architecture

The WebMemex system was developed on top of a high
level architecture that provides capture, linking, user au-
thentication, storage, retrieval and access capabilities, as
shown in Figure 1. In this section we discuss each com-
ponent of the architecture.

3.1.1 User Authentication Component

The WebMemex application captures and recommends
Web pages for groups of users. To identify users and group
memberships, the application relies on the fact that the Web
browser client must establish a connection to the Web proxy
server for each HTTP request (see Figures la and 1c). The
Web proxy server maintains a list of IP addresses it has
heard from, the user ID at that IP address (if the user has
successfully logged in or null if the user has not yet au-
thenticated), and the last time there was activity from that
machine (see Figure 1b). If a user is idle for more than an ex-
tended period of time, re-authentication is required. While
the user ID is null, the Web proxy server only delivers back
to the browser the sign-in page or the help page.

The polysemy problem occurs when a word has multiple
meanings.

2The synonymy problem occurs when two or more words
have the same or nearly the same meaning.
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startup, (e) the underlying processing of the linking component, (f) linking component, (g) storage compo-
nent, (h) access component startup, (i) a list of URLs to similar documents, (j) an access thread created for

presenting recommendations.

3.1.2 Capture Component

The WebMemex service is supported through an aug-
mented Web proxy server. When information is requested,
the proxy server retrieves the information and immediately
delivers it back to the requesting client (see Figure la). If
users enable capture, then the retrieved document is also
passed to the capture component (see Figure 1d). The proxy
only logs information returned to the Web browser when the
content type is text/html. HTML documents can be pro-
cessed for additional meta-information, for instance to define
relationships between those documents as hypertext links.

When an HTML document is served to the Web browser,
the proxy server’s capture component records the visit by
tagging it with the URL, the time that Web page was vis-
ited, the IP address of the browser machine, and the user
IDs. This information is necessary to initialize the link-
ing component’s process (see Figure 1f). The links created
between the Web pages visited are sent to the storage com-
ponent. When users want to visit the related pages using
WebMemex, the access component will retrieve the links
from the storage component.

3.1.3 Linking Component

Using the information sent by the access component, the
process of word extraction from Web pages is initialized in
the linking component by the indexing process. Figure 1le il-
lustrates the processes of the linking component of the Web-
Memex architecture. This component automatically gener-
ates hypertext links between Web pages browsed by users
and recorded by the capture component. After receiving the
URLSs of each page navigated and captured by the capture

component, the linking component performs two main tasks:
indexes all Web pages and establishes the links among pages
according to the LSI [17] approach.

The underlying processing of the linking component is as
follows:

e Initially all Web pages captured by the capture compo-
nent are indexed (see Figure lel). We used the mno-
GoSearch [3] general public license search engine to in-
dex Web repositories. It was necessary to modify the
engine itself so that it computes over links activated
by JavaScript.

e The index resulting from the previous step is used to
generate a term by document matrix (see Figure 1e2).
This term by document matrix is called matrix X and
it is exploited by Latent Semantic Indexing [17].

e The matrix X is decomposed into the product of three
other component matrices 7', S and D' using Single
Value Decomposition (SVD) which is part of LSI the-
ory (see Figure 1e3). Following the decomposition by
SVD, the k most important dimensions (those with the
highest values in the singular matrix S) are selected.
All other factors are omitted. The reduction in the in-
dexing space implies in less use of memory and compu-
tation. The amount of dimensionality reduction, i.e.,
the choice of k, is critical and is an open issue in the
literature. Ideally, k& should be large enough to fit the
real structure in the data, but small enough such that
noise, sampling errors and unimportant details are not
modelled.



e A semantic matrix is generated by the combination of
the component matrices of last step and a query col-
umn matrices by the computation of the inner-product
among those matrices (see Figure 1le4). This query col-
umn matrix is generated after each Web page visited
by a user with a capture component enabled.

e Given the semantic matrix generated in the previous
step, relationships between the Web pages browsed by
each group of users are identified by considering the
cells that have the higher values of similarity (see Fig-
ure 1e5). A threshold level of similarity is used to filter
the links created to generate a relevance semantic ma-
trix which is used to identify semantic links between
Web pages. The links generated are stored at the stor-
age component (see Figure 1g).

We developed the linking modules to be reusable in other
implementations. We use a configuration file to specify the
context the linking modules will be employed. This configu-
ration file describes information such as the vocabulary, stop
list and source of URLs.

3.1.4 Storage Component

Links created by the linking component can be stored in
databases or open hypermedia linkbases. In our WebMemex
prototype, we have used a linkbase called WLS [8], which
offers some facilities that common databases do not offer.

The WLS linkbase was developed as an API (Application
Programming Interface), so that application developers can
reuse and combine the available operations with their own
building blocks. By means of its API, WLS can be reused
in different contexts, reducing the authoring effort as shown
in [§].

During the design of the WebMemex architecture, we de-
fined a mapping between objects manipulated by the ar-
chitecture and the classes of the WLS presented in Figure
2. For example, Anchor is a set of terms of each Web page
captured during user navigation and EndPoints are equiv-
alent to terms mapped to Anchors. Link is a set of two
EndPoints identified to relationships defined with the link-
ing component. Context is a collection of links generated
automatically. Nodes corresponds to each Web page that
has been found to be similar to another page. Finally, Se-
mantics correspond to pairs of similar terms. These pairs of
terms can be automatically defined by the linking compo-
nent and stored in the WLS linkbase, independently of the
documents identified holding the information.

Because of the relationships among the Anchor, EndPoint
and Link classes, WLS provides support to n-ary multidirec-
tional links and to the sharing of an anchor between several
links endpoints to our architecture. The external linkbase
defined by WLS supported an effective creation of links;
these functionalities have been explored in the prototype.

Besides the WLS tables, the storage component manipu-
lates additional tables that are used during the indexing pro-
cess to manage the URLs, the stop words list, the weights of
terms, and the list of users and groups. A table that relates
users and their groups with the URLs they visit is updated
as new URLs are captured by the system. The access com-
ponent obtains links from these tables with matching user
and group IDs.

Context
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Figure 2: Conceptual Model of WLS linkbase [8].

3.1.5 Access Component

The WebMemex server separates the handling of the cap-
ture, linking, storage and access concerns to not hinder the
Web browsing activity as the system captures the Web visit
and suggests relevant material. As a URL is being cap-
tured and subsequently linked and stored, Web proxy server
creates an access component thread to query for recommen-
dations from the system (see Figure 1i).

When users visit a Web page for the first time, the access
component must wait for the linking and storage process
to complete. Once related links are computed and stored,
the storage component provides the access component with
a list of URLs to similar documents (see Figure 1h). The
access component formats these URLs into links presented
to the users as recommendations displayed in a small pop-up
browser window (see Figure 1j).

3.2 The Prototype

To build the WebMemex prototype, we augmented a stan-
dard Web browser to support a number of access features.
One access feature supported, though not discussed in this
paper, is the ability to perform searches over personal Web
histories, allowing the user to revisit her previous navigation
trails. In this paper, we detail the recommendation capa-
bility (an asynchronous collaborative access feature), where
the system uses previous Web experiences to enhance user
navigation session with suggestions of related URLs.

3.2.1 Using WebMemex

To use WebMemex, users need to configure a browser to
talk to a proxy server that captures Web histories as indi-
cated in Figure 3a. When they begin a Web surfing session
(see Figure 3b), the browser automatically goes to a sign-in
screen (see Figure 3c). Once authenticated, the Web browser
is fully augmented to capture and suggest URLs from the
Web surfing history of the users and their friends. The re-
lated URLs are shown in a small window outside of the Web
browser (see Figure 3d).

3.2.2 Handling User Authentication

The WebMemex system unloads the user authentication
responsibility to the “Yahoo! Messenger” service. Before
using the actual prototype, users must register for “Ya-
hoo! Messenger” accounts. When users sign in to use Web-
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Figure 3: The WebMemex Prototype. Screens for: (a) proxy configuration, (b) browsing session startup, (c)
user authentication, (d) presentation of the related URLS.

Memex, this information is confirmed through Yahoo! The
instant messaging application, itself, does not need to be
running or even installed. However, users must have Ya-
hoo! accounts, because the “Yahoo! Messenger” system can
verify correct ID and password combinations.

The decision to leverage Yahoo! accounts goes beyond the
simple ID and password verification service. Instant mes-
saging applications also store the user buddy lists, or their
online circle of friends. These lists allow the WebMemex sys-
tem to determine with whom the users’ captured histories
should be shared. Thus, rather than needing to maintain our
own user authentication system we used Yahoo! Messenger.

Implementation details. The user authentication compo-
nent is implemented in Java to verify username and pass-
word pairs with Yahoo! Instant Messaging server. Through
an HTTP connection with the Yahoo! server, if the correct
username and password pairs are provided, a buddy list for
that login is obtained by the user authentication component.

3.2.3 Recording Web Pages Continuously

To capture users’ Web surfing history, the system needs
to be able to monitor the Web pages they visit. We ini-
tially explored the implementation of hooks or listeners for
common Web browser’s such as Internet Explorer; however,
we found this method was not ideal because client-based so-
lutions are too platform-specific. In some situations, users
may also work on more than one machine that individually
logs Web visits. However, a Web viewing history should
be accessible from any networked machine, regardless of the
machine on which the URL was initially visited.

Hence, we leverage on existing Web browser’s ability to
talk to an HTTP proxy. On existing Web browsers, users
can quickly specify the location where the proxy server is
running, as in Figure 3a. When users begin Web surfing,
their Web browsers will talk to the Web proxy server. This
proxy server initially checks to see if it knows the users (i.e.,
if users are registered and logged into the system). This
step allows users to use the service while logged into dif-
ferent machines using the same ID (see Figure 3c); but the
information will automatically be tied together with their
previously captured information.

Implementation details. The Web proxy is a Java applica-
tion written to block HTTP requests until the users success-

fully log in to the WebMemex. It spawns the capture and
access component as users visit pages. The capture compo-
nent is a Java thread spawned each time users view a page.
This thread tags the Web visit with the timestamp and iden-
tity of the users before passing it to the linking component.

3.2.4 Linking Web Pages Captured

Figure le shows an instance of the linking component used
in the WebMemex prototype. The “Compute Similarity”
module uses a level of similarity filter to generate a relevance
semantic matrix which identifies and creates relationships
between repositories. In WebMemex, we are using 85% as
the level of similarity.

Because the computation involved with LSI is expensive,
the matrices are computed periodically (such as once a day).
During the access phase, the keywords computed for the
page being visited are used to instantly perform a query in
the semantic matrix.

The query column matrix will consider all navigations per-
formed until the last computation of the semantic matrix;
the most recent navigation will be included the next time
the semantic matrix is computed as we explained before.

After creating the links in the last module of the linking
component, those links are stored in the WLS linkbase which
manages and provides the information to the WebMemex.

Implementation details. We are using a matrix-oriented
programming language, OX [15], augmented with C++ code
to implement the modules supporting the linking process.

3.2.5 Accessing Web Pages Suggested

Hypertext links are used to present suggestions to the
users. They are displayed in a small pop-up window, as
shown in Figure 4, when users navigate the Web. For each
page users view, WebMemex relates it with pages visited by
the users and their friends.

Implementation details. The access component is a Java
thread which talks to the WLS linkbase to retrieve a list of
Web pages relevant to the current Web visit. It formats the
list of related URLSs into an HTML interface (see Figure 1h).

3.2.6 Handling Privacy and Social Conventions

The fact that browsing information is continuously cap-
tured and shared leads to important issues in terms of pri-
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Figure 4: The links to the suggested Web pages are
presented in a small pop-up window — different col-
ors are used to indicate several levels of relevance.
In this interface, users can enable and disable the
capture and access components.

vacy and social conventions. In some situations, users may
not want to have their Web histories preserved; or users may
view pages that they do not want to share with others.

In order to handle privacy, the WebMemex interface gives
users opportunities to specify the services they want. At the
sign-in time, users can tell the system to “enable capture”
and “enable access” (top of pop-up window in Figure 4).

To preserve the spirit of sharing, the option to capture
information and the option to share what is captured were
reduced to a single option to enable capture. Thus, all in-
formation that is captured is shared.

The default is that both capture and access are enabled.
During the course of a surfing session, it is also possible for
users to change their mind about whether or not to have the
content captured and shared or not.

While privacy may lead to the desire for being able to
modify retroactively the captured history of more than just
the currently viewed page, it is not completely necessary for
users to manually specify that they did not view a page.
The same effect is achieved by protecting anonymity of the
source of the suggested materials.

It is possible that some of the people whom users have on
their list of friends do not have them on theirs. There may
be people who do not want to share captured histories with
other users. In normal social conventions, when a person has
a question, she would ask people she considers her friends
for advice. If the person asked considers her to be a friend,
a response is probably returned.

This is not to say that if the person asked does not con-
sider her to be a friend, a response will not be returned.
However, in such scenarios, how much trust to put into
the response is questionable. To reduce this problem, the
protocol that WebMemex uses to support the asynchronous
collaboration is to share information only between recipro-
cating friends. With the list of people users consider their
friends, the system checks for the subset that has them also
on their list of friends. WebMemex uses this subset of recip-
rocating friends to check their captured histories for related
Web pages to suggest back to the users.

This design decision also helps to resolve a second problem
that arises in the domain of information sharing when a
person’s social circle changes. In such scenarios, should old

friends still be able to see information that they could have
seen when they were friends with the users, and should new
friends be allowed to see something users captured some time
ago? Each time users sign in, the system verifies IDs and
passwords with the authentication component. A matching
ID and password allows the system to retrieve the users’ list
of friends. The system caches this list for security reasons
rather than keeping passwords which the users might change
later. Using this cached list, it is possible to determine the
set of reciprocating friendships for every user. This real-
time method for determining reciprocating friends resolves
the issue of changing group dynamics.

Another social convention was defined to protect privacy
when users do not have more than one reciprocating friend.
In this scenario, suggestions from friends are not included
in what is returned to the users. This mechanism protects
privacy because users can easily determine when they have
not visited a Web page and therefore, the suggestion must
have come from their sole friend’s viewing history.

4. EVALUATION

In this section, we report two experiences with the Web-
Memex prototype. We split the section into two subsection.
The first part focuses on experience of using WebMemex
among four people at the Georgia Institute of Technology
(GATECH) in Atlanta/GA — USA and the second one is
based on experiences with WebMemex among four people at
the Sao Paulo University (USP) in Sdo Carlos/SP — Brauzil.

The first experiment was conducted among a group of four
postgraduate school colleagues. These subjects provided us
with Web surfing history for the span of a month. Their
histories included themes such as computer hardware and
software, e-commerce sites, online banking, summer intern-
ships, news and tourist attractions.

The second group of subjects is composed of three Brazil-
ian postgraduate students and one professor. They are a
homogeneous group of people who collaborate in the Hy-
permedia Group of their university. During the span of a
month, they searched for information related to onthology,
XML approaches, Web services, agents, Java, systems for
televising presentation, computer hardware, online banking,
sport site and tourist attractions.

There is some contrast in the focus of the Web navigations
of the two groups used in our experiments. The first group
primarily works on mobile laptops as their primary comput-
ers. The second group works on different fixed computers at
work and at home and we observed different access patterns
from machines at work and at home. As a result, there is
more work context found in the Web history gathered for
the second group. The data collected for the first group has
many themes beyond only the work context.

4.1 The First Experiment

In the first experiment, a set of 2556 Web pages was cap-
tured for the four subjects participating in this experiment,
an average of 639 Web pages from each person as shown in
Table 1. Those Web pages were related to various topics in-
cluding computer hardware and software, e-commerce sites,
online banking, summer internships, news and tourist at-
tractions. However, a manual analysis of each page revealed
that several Web visits were to images file, pdf files or text
files with images. The first step in this experiment was to
include, in the configuration file of linking service, a filter



Table 1: Characteristics of the two experiments

Experiments
General Characteristics 1st | 2nd

Number of Web pages 2556 | 2555
Number of users 4 4
Average of pages by user 639 | 638.7
Number of Web pages after filtering 454 106
Average of pages by user 113.5 | 26.5
Number of distinct terms 13376 | 2466
Number of stop words used 562 1180
Number of hypertext links created 71 154

Table 2: For the first experiment: (a) Number of
Web visits for which recommendations were made &
(b) number of recommendations pulled from user’s
‘Web history.

| [ ] ®]

User 1 53 | 37
User 2 12 | 19
User 3 5 9
User 4 1 6

to ignore image files and compressed files. We required at
least 10 words in a document before it is considered as a
useful document. From this manual analysis, we have since
included this filter in the WebMemex prototype to automat-
ically look for text/html files that meet the above criteria.
After the filtering step, we had 454 Web pages indexed.

The indexing process over those 454 Web pages generated
a matrix of 454 columns by 13376 lines to be handled using
the Latent Semantic Analysis approach. At the end of link-
ing process we had 71 hypertext links defined for the first
experiment (see Table 1).

We anticipated that there would be a large number of
context that exist collectively for all the subjects. Analyz-
ing the relationships created among the Web pages visited
by the four subjects during last weeks of their browsing his-
tory, we observed that there is a small number of context
under which different subsets of the users’ Web visits related.
With respect to the 454 Web pages our system considered
to be useful documents, a reasonable 71 recommendations
was generated.

Analyzing information from Table 2, we can verify how
numerically useful the WebMemex recommendations are for
each user. For example, User 1 has 53 Web pages for which
the system provided recommendations. From her captured
Web history, 37 recommendations were formed (for her and
others). However, User 2 has 12 pages where she received
relevant links and provided 19 recommendations. So we can
see WebMemex was numerically more helpful for User 1.

In this experiment, 48 recommendations came from the
same user’s history and 23 recommendation came from a
different user’s history. The 23 recommendations account
for almost a third of the total number of links, demonstrat-
ing the potential value of having other people’s information
accessible to the group.

A qualitative analysis of the first experiment gave us the
following information. A manual analysis of the total 71
links generated as WebMemex recommendations revealed
that 44 (62%) links were actually related to the Web page

Table 3: For the second experiment: (a) number of
Web visits for which recommendations were made &
(b) number of recommendations pulled from user’s
‘Web history.

l [HOREON

User 1 30 | 135
User 2 10 16
User 3 4 5
User 4 1 2

which they were anchored. This is a very satisfactory num-
ber by information retrieval standards [13].

4.2 The Second Experiment

A set of 2555 Web pages was recorded during navigation
of 4 subjects in the second experiment, or an average of
639 Web pages per person (see Table 1). The 2555 Web
pages were based on the computer science themes previously
mentioned. We carried out a manual analysis over those
pages and defined a filter and a numerical threshold to ignore
the same kind of files that we are eliminating in the first
experiment. After the filtering step we had 106 Web pages
to be indexed as presented at Table 1.

The indexing process resulted in a matrix with 2466 dis-
tinct terms for 106 documents. The LSI modules in the
linking component operated on this initial matrix to create
154 hypertext links. Those relationships were used as rec-
ommended pages for subjects in the second group, and the
number of links created for each user is indicated in Table 3.
The high number of links is related to the fact the brows-
ing space in this experiment is more homogenenous when
compared with the first experiment.

Since the total of 154 links created in this experiment is
too high for practical purposes, alternatives such as adjust-
ing process of link creation with respect to the level similar-
ity must be investigated (we are currently using 85% as a
fixed level of similarity, as discussed in Section 3.2.4).

While we are concluding a qualitative analysis over the
second experiment results, a couple of points can be ex-
tracted. First, there is a large number of URLs viewed by
more than one of the subjects. As a result, when recom-
mendations are computed, links to the anchor have multiple
endpoint sources (sometimes including from the same user
herself). This suggests that in WebMemex, even if users
have not previously seen a related page, other users’ Web
history can still lead them to the same content.

5. RELATED WORK

Recommender systems is a category of systems that assist
and augment the natural social process of asking for recom-
mendations from other people [2]. Sometimes, recommender
systems are also referred to as collaborative filtering or social
filtering systems according to Goldberg et al. [18]. In a typ-
ical recommender system, people provide recommendations
as inputs, which the system aggregates and directs to appro-
priate recipients. In some cases, the primary computation
is in the aggregation; in others, the system’s value lies in its
ability to make good matches between the recommenders
and those seeking recommendations.

Recommender systems can use different mechanisms to
provide information to the systems. SIFT is a kind of rec-



ommender system where the users need to provide keywords
to describe their interest [37]. Thus, this system still has the
same challenges of search engine: it requires a lot of effort
on the part of user.

On the other hand, there are recommender systems which
learn users’ preferences by eliciting explicitly some kind of
user feedback instead of formulation of queries. For in-
stance, when users move from one page to another, users
rate how interesting the current page is. Examples of rec-
ommender systems in this category are: Ringo, Fab, Alexa
and PHOAKS. Ringo is a system for personalized recom-
mendations for music albums and artists [34]. Fab is a rec-
ommender system based on user votes and content-based
filtering techniques [6]. Alexa is a Web navigation assis-
tant which provides information about the registered site
owner, ratings and reviews of the site, site statistics and it
can also recommend related sites [23]. Finally, PHOAKS
(People Helping One Another Know Stuff) is a filtering site
for Usenet Netnews, used to gather people’s opinions of Web
resources in Netnews [24].

There are also recommender systems that explore user
preferences transparently without any extra effort from the
users. For example, Letizia [25], WebWatcher [22], Margin
Notes [31] and QuickStep [29] infer user preferences from
observing user-browsing behavior. The MEMOIR system
manipulates a set of software agents that mine trails of users
and it uses hypertext technologies such as open hypermedia
link services to allow users to manage associations between
different types of documents in an independent and flexible
way [32].

Another kind of recommender systems are popular Web
sites such as Amazon.com, MovieFinder.com, CDNow.com
and Launch.com. They have placed collaborative filtering
technology into authentic use settings. These systems have
proven to be accurate enough in their specific entertainment
domains. However, the success of these systems has not
been met in other domains or more general experiences be-
cause collaborative filters compute predictive models based
on heuristic approximations of human processes.

The WebMemex system mainly differs from these systems
in the following aspects. First, recommended information
comes from a list of people, well-known to the users, with
common ground and interest and most importantly who the
users trust. Second, the majority of systems discussed rely
on local context or a short-term user profile and function in
a manner similar to the Remembrance Agent [31]. Rather
than trying to predict user profiles and creating social clus-
ters based on dimensions of interest, our system uses what
the users define as their social circle. Each Web page the
users visit is captured and compared against all other Web
pages they have previously seen and those that their friends
have seen. From this point, traditional data clustering meth-
ods can be used.

6. CONCLUSION AND FUTURE WORK

Motivated by Bush’s article As We May Think [9], Dou-
glas Engelbart envisioned the use of computer-based tools
to augment human intellect and improve our overall ability
to tackle the problems. In his work at the Bootstrap Insti-
tute, Engelbart coined the term “Collective IQ” to describe
how a group can “leverage its collective memory, perception,
planning, reasoning, foresight, and experience into applica-
ble knowledge” to solve problems of users [4]. We have built

a capture and access application to explore the visions of
Vannevar Bush and Douglas Engelbart.

Our WebMemex continuously captures users’ Web surfing
history and uses this history to provide the users and their
friends with suggestions of related Web pages to what they
are currently viewing. This system acts as an instantiation
of an architecture for capturing and asynchronously sharing
experiences for the automated recommendation of related
information.

Besides the quantitative evaluation presented, we are de-
signing a qualitative evaluation of these recommendations
towards answering questions like “how many pages were in-
deed used” and “how is the quality of these recommended
pages”. We are also interested in comparing homogeneous
and heterogenous groups of users in terms of browsing pat-
terns to determine if more controlled and focused groups of
people would be shared more effective suggestions.

The WebMemex application will be deployed to study
how an automated capture and access Web application is
adopted by users. Users are allowed to create many profiles.
Thus, they can use this application in different ways: (a)
as a personal application which only suggests information
from her own personal Web history; or (b) as a collabora-
tive application where information is shared between groups
of friends and recommends related URLs from the collective
Web history. We will study how it is used and examine if
the system is found to be useful for individual users and/or
a group of users.

In a different approach, we are investigating the recom-
mending of related material coming from a long-term cap-
ture history authored by the user as she interacts with the
Web application. The suggestion of related material can be
considered an added feature to the Web surfing activity in
the WebMemex.
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