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ABSTRACT

Internet has become apopular medium to get and provide
information and services. Every user is a potential client,
and every site a potential competitor. Surfing the Web
produces a trace that hides important information
concerning business oppatunities and site usahility isaues.
This paper discusses the use of an intelligent agent to
interpret Web navigation history and ad oppatunisticaly
to take alvantage of businessoppatunities. We ague that
such an agent should work off-line discovering relevant
navigation patterns and work on-line ading won this
information to send messages or change a Web page's
content, whenever a relevant navigation sequence is
recognized.

Keywords
Web navigational patterns, pattern recognition.

INTRODUCTION

With the growth of the Web, new types of systems become
available via an Internet connedion [1], what has increased
the number of relevant fadors when evaluating the usability
of interaction.

Users navigation registers — data logs — must be catured
and serve & durce of analysisto help designer evaluate the
site usability and define the user's profile. Thus, the
evaluation must generate quality results, suggest design
solutions to the problems found, with a timely answer, and,
as a subproduct, offer a austomized navigation.

Our study shows a model (RED) for Web site evaluation
based on navigation patterns reaognition. Agent's
technology and parsing algorithms are RED’'s key-
components. Our method analyzes and diagnoses user's
navigation when using a Web serviceto determine relevant
navigation sequences.

WEB NAVIGATION SEQUENCES

Navigating through the Web is to visit site pages in a
structured order (moving from page to page acording to
the site internal links) or in a random order (taking an
unsystematic strategy such as using the Back button on a
browser, entering a new URL address etc.). All of these
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Web browsing mechanisms can be purposeful or not.
Users' behavior is related to their intention and to their
ability to find what they are looking for. Combining these
two fadors, four types of Web navigation can be outlined:
Dired seach access (purposeful navigation), Dired access
(almost no navigation), Content-related access (navigation
inside aweb page), and Random access (navigation with no
purpose).

Eah visit to asite is recorded as an anonymous contad in a
log file stored in the site server. The log can be interpreted
as the user-web site’'s interadion. In addition to identifying
users, interpreting a web site log may help diagnose the site
usability, and better understand users.

Agent technology offers a way to tradk users even outside
the scope of a web site. However, there ae some lega
isales involved when applying this technology, such as
guarantedng wsers privacy. Therefore, we will remain
within the scope of aweb site’slog.

A navigation trace may form patterns that can show web
page designers how to improve their site dtradivenessand
usability. A pattern is a rule that relates a problem, a
solution and a @ntext. In the Web, a pattern can be a
sequence of pages that allows users to reat a spedfic set
of content to satisfy their needs. The problem is kept in the
user’s mind, the solution is within the navigation, and the
context is the Web. There ae many different ways to reat
a desired content, some preferable over others. There ae
ways of optimizing sites access that have drealy taken
advantage of observed navigation patterns, such as:

Set-based navigation: information reorganized by
clustering related pages by topic.
News: information classfied into new and dd.

Bookmark/Favorites: users can crede their own space
of subjed interests.

Shopping basket: function related to e-commerce

Advanced search medhanisms: users restrict their
seach by refining the search spaceor spedfying keywords.

THE WEB SITE EVALUATION PROBLEM

Evaluation can be divided into two perts: the gathering of
the data to be evaluated and its evaluation. The alvantage
of this division is that data is gathered from a red usage



environment and can be evaluated in a spedalized
laboratory. There ae anumber of ways to do these two
remote evaluation steps. Among them we can point out [2]:

Commercial usability services + system's developers £nd
documents, examples, and/or prototypes to hired remote
evaluators.

Remote questionnaire or Survey + users are showed a
guestionnaire in which the system coll eds their system and
interfacepreferences.

Collaborative remote evaluation + system's user and
usability evaluator communicate throughthe network.

Video-conferencing-supported evaluation + user remains
conneded to evaluator through a video-conferencing
program that broadcasts the user's £reen dumps.

Instrumented or automated data collecion for remote
evaluation * system cagptures user's adions and sends them
to evaluator.

User reported critical incident method — user istrained to
identify criticd incidents and send evaluator a report with
the information.

When considering gathering data to evaluate a system's
usability, it is natural to believe that the more data gathered
the better the evaluation. However, there ae anumber of
problems that makes data gathering on the Web non-trivial.
The information about Web navigation is distributed
throughthe network. Some is on the visitor's computer, and
the rest is at the various stes the user is visiting. Therefore,
gathering this data without loss inconsistencies, or
redundanciesis a complex task.

Another problem occurs when we begin to think about
information seaurity. In order to proted the user's privagy,
some personal data may not be reveded for ethicd reasons,
such asthe mntent of e-mails. Thereis aso data that cannot
be gathered such as passwords, credit card numbers, etc. In
order to proted these types of data, there ae mechanisms
that make it imposshle to them. This brings us to a
technologicd problem, since there ae limits to the
information that can be gathered. This limitation would not
be an isaue if it only took placewith these types of data.
However, there ae caes where it is not possble to
distingush this type of information from that which would
help in the evaluation. In this case, the tods themselves
prevent access to all the types of information, making it
more difficult to gather navigation data.

In[3] it is presented a tod (WBI) to colled the navigation
data of a user in the Web, capturing the entire exchange of
information between these two means of usability
evaluation, without access restrictions to the information.
Moreover, it contains a low transparency to the user. still,
these tools present a few problems: (a) al information
necessrily pases through an intermediary, sSowing
navigation; moreover, depending on the quality of the
connedion, this can beaome aproblem; (b) al information

required for evaluation is cgptured with the user's persona
information; but to guaranteethe data's s aurity (even if not
kept or used) generates doubts; (c) the information ends up
becoming homogenous due to the ladk of contextualizaion
of the adions, as there is no distinction between the type,
form, or use of eat adion.

On this paint, one can apply the heuristic evaluation; i.e., a
set of human evaluators would examine the data lleded
during the interfacés usage, and would judge it based on
principles of usability, which in truth are usage patterns
already known to the system. A seach for usage patterns,
however, would be done manualy, which does not
guarantee @ accetable evaluation time. It is necessary,
though to have an automatic pattern recogniti on method.

Once we have wlleded &l the information on the user's
navigation, we will also have the entire sequence foll owed
during the visit to the site pages. Besides, eadt of the steps
in the sequence has a mntext determined by the known
parameters, such as the page's name, the values of the
variables, the type of page, etc. Some sequences contain a
spedal meaning, indicaing the repetition of a sequence
tends to mean the same intention for all. This meaning can
be mnsidered a navigation pattern and help the designer
define navigation patterns found at a spedfic site.

Based on the recognized navigation patterns of users at a
site, we will formulate hypotheses on their intentions and
their behavior when facel with the layout of the
information avail able & the site pages. By knowing a user's
purpose in a site, we dso know their state (a potential
buyer, a user disappanted with a site service etc.). It
beoomes, therefore, passhle to personalize the navigation,
adapting its content and/or the user's navigation to their
needs, such as the modeling of personadized Web
applicaions[4].

In [5] one can see agrea number of Web personalization
toos ach as Groups Lens and LikeMind, and
Personali zation Server and FrontMind.

RED MODEL — WEB SYSTEM DATA LOGS’ ANALYZER
RED' (Navigation Strategies Reaognizer) is a model that
describes a method to reagnize dedsion strategies that a
gte's customer used while navigating. From this
recognition, based on the user's navigation history at the
dite, it is possble to evaluate the use of a site and suggest
adionsto ease interadion.

The RED model in Figure 1 describes the behavior of four
spedal agents. Interadion Analyzer Agent, Pattern
Actuator Agent, Pattern Generator Agent, and Pattern
Configuration Interface Agent, that work together to make
sense of users Web page navigation. All the agents use the
server log data to ad defining or finding patterns, a
sequence of visited pages that may be often repeaed. The
pattern may or may not contain noise.
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Figure 1- M odel to automatically evaluate usability

Interadion Analyzer Agent: it looks in the navigation log
for adion sequences that are not made of known patterns,
but that repea themselves in the log. It analyzes those
sequences and credes a report to be sent to the Pattern
Configuration Interface which, along with the human
analyst, determines whether a pattern exists and whether it
must be configured.

Pattern Actuator Agent: while the user is visiting the site
pages, among the last sequences, the Pattern Actuator will
try to anticipate apattern. When a pattern is recognized, it
presents an adion related to the pattern in its base of
adions, and vali dates the pattern in the pattern database.

Pattern Generator Agent: it looks in the Web log data
seaching for potential sequences (with or without noise)
that are relevant. These sequences are then sent to the
Pattern Configuration Interface which, along with the
human analyst, determines whether a pattern exists and
whether it must be @nfigured.

Pattern Configuration Interface it allows the analyst to
evaluate the patterns, not necessarily related to a spedfic
log data, and dedde whether he will include, or alter or
delete existent patterns.

Pattern Database: it is a database wntaining pattern
descriptions, its associated meaning, an applicaion context
describing pre-requisites for applying a pattern, a trust
fador and an adion to be taken when a pattern is
recgnized during a surfer's navigation in the site.

The log is the most important item within the RED model.
It is where one can find everything the user did in the
system. For this reason, defining its format, content, and
credion beaomes weighty fadors of the quality of the

answer readed. A log containing little information may
make it impossble to deted patterns, or worse, may cause
incorred or incomplete patterns to be deteded. On the
other hand, a log containing too much information may
make pattern detedion difficult, or even impossble. As we
are deding with a system being wsed through the Web,
information on the user's interadion will not be mnsidered
becaise, despite being able to obain some of this
information, the percentage of this type of information is
small that it becomes preferable to consider that we only
have navigation information.

CASE STUDY

An implementation of the RED model has demonstrated the
model was feasible. We will describe a prototype of the
RED model for the RiskControl site [6], which offers a
service for risk cdculation of financial investments, the
possble adions within the site environment, the patterns
considered in the pattern database and the adions in the
adion database.

In general, the service sites have tod's avail able to exeaute a
given task. For a user to exeaute such a task, he does not
need to navigate anong severa sites, only within the site
with the desired service Let us eethe Investment Analysis
Service RED model was attached to RiskControl (Figure
2), which alows the user: crede investments portfolios;
cdculate the risk of their portfolios, and simulate market
situations.
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Figure 2 — Screenshot of RiskControl site

Thus, we can define & alphabet in these types of site the
posdble adions a user can exeaute when they are visiting a
site (Table 1).



Tablel- Actionsin a servicesite

Type Description Related Element
INFO |Rea about asubjed Subjed
SERV | Use aservice Service
HELP | Request help Subjed

In the pattern database we will i nclude the sequences of
adions that have a known meaning (Table 2). These
patterns make up the dictionary of the service sites.

Table 2 - Patternsin a servicesite

Name Description

same subjed Real about a same subjed several

times.

severa subjeds | Read about several subjeds.

same service Use aserviceseveral times.

severa services | Use several services.

same help Request help severa times on a same
subjed.
several helps Request help on several subjeds.

The log used by the test contains 9508 adions exeauted by
the users in 2322 sessons from February 2001 to June
2001 Each visit to the site by a user was considered as a
sesdon formed by a sequence of adions. After the use of
the Statistics Generator on the dorementioned sequences,
1689 mtterns were uncovered.

As can be seen in Figure 3, most of the site use was to
utilize its available services (67.92%), which is to be
expeded sincethat is the site primary function. Almost half
the adions were to use aservice (41.77%) and a few others
were to explore the same service more than once (12.49%).
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Figure 3 — Servicepatternsdistribution

These data show that users are satisfied with the results
found with the services, but the services are not being
exploited by the users, either becaise said pcsshility does
not exist or because they did not know how to.

The help patterns (Figure 4) were used few times (1.95%),

with no hits on a number of subjeds. This dowsit is easy
to lean how to use the site.
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Figure 4 —Help patternsdistribution

CONCLUSION

This work defines a model and describes a method to
evaluate asite usability through its log comprised of the
iterations of the user with the system.

The definition of a structured log containing both user's
navigations with the system and the identificaion of the
navigation strategy patterns makes evaluating the system
usability easier. Thus, the evaluation becomes less
dependent on the system. Moreover, the knowledge of the
strategy patterns used all ows us to formulate hypotheses on
a user's intentions when he managed to oltain a solution to
solve his task [7]. With a hypothesis on the intention it is
posdble to explain in order to guide to good solutions the
tasks gmilar to those solved formerly; recover states that
lead to bad solutions 9 that they can be avoided; customize
the sequences of adions that are frequent fadlit ating their
use with spedfic resources of interface

The model described in this work automates the evaluation
of a WEB sit€'s navigation, reducing the time required to
obtain the evaluation results as human intervention in this
processis also reduced. The model also increases g/stem
usability, as the user will be ale to complete their task
quicker, not wasting time seeking the most adequate
strategy toward their problem, and will read better results,
not taking paths that would lead to erroneous lutions.
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