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Abstract. Content Management Systems and Web Portal Framewaogkmore
and more widely adopted in Web development. Thasdskof software often
produce Web pages whose layout is divided in sestialled, in the case of
Web Portals, “portlets”. Portlets can be producediifferent sources and then
aggregated in the same page by the portal. For péetals, traditional Web
metrics based on page visits can be inadequatkiffgrunderstanding user’s
interest, due to the heterogeneity of content dredvariety of sources. This
paper proposes a system for evaluating the Welictedfa deeper level than the
page visit one: the level of the sections, or @& plortlets. The interest of the
user in the sections of the page is gauged thramghicit interest indicators,
such as, section visibility, mouse movements ahérotlient-side interactions.
Our system is composed of two different products:framework that,
opportunely instantiated in a Web portal, allows groduction of a log, and a
log analyzer. The possible uses and benefits gdigegsearch in the fields of
Web traffic analysis, portal design and usability mvestigated in depth.
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1 Introduction

Content Management Systems (CMS, in the sequel) andveb Portal Frameworks are
more and more widely adopted in the developmemweb sites, mainly due to their
characteristic of allowing the Web designers toidigpdevelop a Web site and the
portal administrators to rapidly update its congent

CMS and portal frameworks produce Web pages whoseutai® divided in
sections callegortlets. This division is not only a layout concern, bubccurs in all
the steps of the generation of the pages: in teke cdmany portals, thaortlets can
be produced by different, eventually remote, soaiaed then aggregated in the same
page. Thus, we are on the way towards the creatfoa portlet market, where
content, or part of it, is produced by third pastend then shown on the publisher’s
Web site.
The technical solution to achieve this organizatisnbased on the production of
markup fragments (a concern of theortlet), and their aggregation in a single page (a



concern of the portal). The development of starglarttl specifications, such 38R
168 [17] andWSRP [24], has helped to this extent. A noteworthy eglarof a Web
site, whose layout demonstrates the use of a paalework in its development, is
that ofYahoo. A screenshot of its home page is shown in fidure
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Fig. 1. The Yahoo home page and its sections.

As a result of the aggregation, a portal page aarain a highly heterogeneous
content, taken from various portlet producers. \®ab sites developed with CMS and
portal framework technology, traditional metricsseéd on page visits can be
inadequate to fully understand user’s interest: faamws of metrics are needed. What
we need are metrics which can give information deaper level than that of page
visits: the level of the sections, or of tpertlets. Unfortunately, at present there is a
lack of these metrics.

This paper presents some tools which make use wf metrics suitable for
describing the behaviour of the visitors on thet@opages. The gathering of such
information is carried out through the use of arfeavork directly instantiated in the
portal. The framework produces an XML log, whicltludes raw data, such as the
implicit interest indicators (i. e. any interactiofithe user with th@ortlets) and the
visibility of the portletsin the pages, captured when the users browseotti@ pages.



The logs are analyzed through a suitable log apalylzat obtains some higher
level information by performing several queriestioa logs, such as:

= An estimation of the visibility of thportletsin the page.

= The interactivity level of theortlets.
From this information we can obtain an estimatiéthe interest shown by the users
in the portlets. The analysis can be made available per singleuisi¢ and session,
across multiple visits of the same user or fottal users.

Once obtained, these data can be used for muftipfgoses. The possible uses and
benefits gained by research in fields of Web tcaffnalysis, portal design and Web
usability are investigated in depth. Furthermohne, $ame principle of logging user’s
interactions with a Web-based interface and anadythe gathered data in order to
obtain interesting information about user’s behavis applicable in other
circumstances: our approach has been exploitedrfalyzing the strategies used by
the learners for executing on-line educationaktestin e-learning system.

The rest of the paper is organized as follows: iseck gives the knowledge
background necessary to understand some concepikioln the system is based. The
system is presented in section 3: the sectionngposed in two sub-sections, the first
to describe the logging framework and the secomdttie log analyzer. Lastly, in
section 4, we briefly discuss possible uses anefiisrof our system. Several final
remarks and a discussion on future work conclude#per.

2 Background

A portal is a Web site which constitutes a starfoint, a gate to a consistent group
of resources and services on the Internet or imganet. Most of the portals were
born as Internet directories (&¥8hoo) and/or as search engines @&gite, Lycos,
etc.). The offer of services has spread in ordénd¢cement the number of users and
the time they spend browsing the site. These sesyiavhich often require user
registration, include free email, chat rooms, amedspnalization procedures. In the
history of portals, many authors identify two geatems. Second generation Web
portals distinguish themselves from first generatimes for their architecture, which
is component-oriented. In particular, the basic ponent constituting them, is often
referred to agortlet. The portal is responsible for aggregating infaioracoming
from different sources, local or remote, availainlehe form ofmark-up fragments.
Each of thesdéragments is produced by aortlet. In the context of Web portals, the
possibility of deploying aportlet in any portal is particularly significant. To this
extent, that is, to achieve interoperability amaagtals, it has been necessary to
define a standard way to develop and deplarylets. Two main standards have been
defined and widely adopted by producers: Wheb Services for Remote Portlets
(WSRP) and theJava Portlet Specification and API (JSR 168). The former is more
oriented to the definition of rules about the useemoteportlets, the latter is focused
on the definition of interfaces for the developmehportlets which can run in Java-
based portals.

WSRP defines a Web service interface through whichglertan interact with the
remote producer’'portlets. The WSRP 1.0 specification was approved as @3S



standard in August, 2003. Being based on Web sesyiseveral interfaces to adopt
the standard have been developed for the most tesbdologies (e.gJ2EE, .NET,
and so on).

Most of the Java technologies, part of fla@a 2 Enterprise Edition, the platform
for the development and deployment of distributatesprise applications, follow a
consolidated architectural model, calledntainer/component architecture. This
model offers the chance to develop components aqlogd them on different
containers. Both component and containers compltantspecifications can be
developed independently and commercialized by wdiffe software vendors, thus
creating a market economy on Java software. Furthwe, several good-quality Open
Source products compete with them. TI8R 168 follows the container/component
model and its adoption has grown until it has bez@n important reference-point
which cannot be excluded from the projects aimeatetdevelopment of Web portals.
Among other things, it defines the architecturaldeioof conformant portals. Its main
constituents are theortlet, which produces content mark-up, tpertal, which
aggregates the mark-up, and foetlet container, which manages the portlet lifecycle
and provides am\PI to the portlets for accessing to a set of services. The typical
architecture for dSR 168 conformant Web portal is shown in figure 2.

Fig. 2.JSR 168 compliant portal architecture.

3 The System

Our system is aimed at obtaining detailed stasisticorder to have a deep analysis of
the user’s interest in the Web portal and, in palér, in the sections which compose
its pages.

Our system is composed of two different piecesoftivare:

1 A logging framework, called Logdp, to be used by Web portal developers,
which, instantiated in the Web portal, is in chamfecapturing information
about user’'s behavior during the navigation of plegtal and storing it in an
XML-formatted log.

2 Alog analyzer, to be used by Web portal administrators, develogea stand-
alone application, which is responsible for analgzthe data gathered by the
logger.



3.1 Log4p: the Logging Framework

The purpose of theogging Framework is to gather all of the user actions during the
browsing of the portal and to store raw informatiora set of log files in an XML
format.

The framework is composed of a server-side andeateside module. The client-
side module is responsible for “being aware” of biedavior of the user while he/she
is browsing the portal pages. The server-side neorkdeives the data from the client
and creates and stores log files on the disk.

Despite the required interactivity level, due toe ttavailability of AJAX
(Asynchronous JavaScript and XML), the new techggldor increasing the
interactivity of Web content, it has been posstblémplement the client-side module
of our framework without developing plug-in or extal modules for Web browsers.
Javascript has been used on the client to capseeinteractions and the text-based
communication between the client and the server e implemented through
AJAX method calls. The client-side scripts can be addetihe portal pages with a
light effort by the programmer.

The events captured by the framework are the fallgw

= Actions undertaken on the browser window (openihasing, resizing)

= Actions undertaken in the browser client area (Regssed, scrolling, mouse
movements)

The event data is gathered on the browser andeém server at regular intervals.
It is worth noting that the event capturing doesprevent other scripts present in the
page to run properly.

The server-side module has been implemented agasdavlet which receives the
data from the client and prepares an XML documentéemory. At the end of the
user session the XML document is written to thé.di reduce the size of log files,
a new file is used every day.

The information model used for the log data is smow figure 3. The model is
organized per user session. At this level, an ifien(if available) and the IP of the
user are logged as well as agent information (beovtsgpe, version and operating
system). Asession is composed of page visits data. For every pdge referrer is
logged and a list of events is present. The datatathe user interactions are the
following:

= Event type

= HTML source object involved in the event

= Portlet containing the HTML object and its positionthe page (coordinates of
the corners)

= Mouse coordinates

= Timing information (timestamp of the event)

= More information specific of the event
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Fig. 3. The information model for log data.

An important concern in Web metrics is the log slrevery crowded Web sites, even
simple HTTP request Web logs can reach big sizesrfiguration system, including
the following configuration settings has been carext above all to reduce log sizes:

= List of events to capture;

= List of portlets to monitor;

= Time interval between two data transmissions frbendlient to the server;

=  Sensitivity for mouse movements;

= Sampling factor (logging is activated only for adam user out of n users).
The configuration is read by the server-side modhuieaffects the generation of the
javascript modules run on the client-side. The itecture of the framework is
graphically represented in figure 4.
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Fig. 4. Logging framework architecture.

On the client machine, everything can be done inWeb Browser. The Javascript
modules for event capturing, dynamically generaiacthe server, are downloaded
and run in the browser interpreter. Data is seiiéoserver through afJAX request.
On the server-side, a module callBdquestHandler receives it. Once received, a
module called_oggerHandler organizes th&XML document in memory and flushes it
to the disk every time a user session finishes.

3.2 The Log Analyzer

The next phase of the data gathering is the datlysis. In our system this is done
through a Web-based stand-alone application, opftiphosted on the same server of
the logging framework, which takes in input the figs.

The analysis phase consists of a series of anatysithe behavior of the user,
starting from the data stored in the log. The agialgan have several aims. Among
them we can cite:

= Giving a better organization to the portal;
= The choice of the contents more suitable to the ast® group of users;
= Usability analysis of the portal.

A deeper analysis on the uses that our system ffanis contained in the next
section.

The analyzer performs queries on the logs to obtiaéndesired data and then
calculates statistical indicators, shown in therfaf charts and tables. Since the log
files are in XML, the query engine has been dewedbf understanXQuery [25]
language, and has been carried out by using alemgmntation of theSR 225 [16].

In the next sub-sections we will show some usefatistics we can obtain using the
system. The module for drawing charts has beenldese using a free Java library,
named Charts [13].

3.2.1 PageCounts

A generic analysis is given by the simple counpafe visits. Even though
such a task is easily performed by a lot of alreaxigting tools, page visits count is



an important statistic for our system, since ib@ah us to understand on which page
the interest of the user is mostly concentratedrti®g from this data, we could
focalize our attention on a subset of the portgjegaand perform a deepegortlet-
based, analysis on them. This statistic is easitpinable with our analyzer through a
count query on thepage elements of our logs.

A sample of page visits chart, drawn using ouryarel is shown in figure 5.
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Fig. 5. Page count chart sample.

3.2.2 Portlet Visibility Time

A more specific analysis can be obtained by catmdathe visibility time for each
level of portlet visibility (total, partial, invisible). Portal layuts are usually organized
per columns. A commonly used layout organigeslets in two columns of the same
size (50%, 50%). Another common layout is composkthree columns (i.e. 25%,
50%, 25% in size). The portal page can contain sother elements, such as, a
header, a footer and an horizontal or a verticahungr both of them. If the number
and size ofportlets is such that the portal page exceeds the sizénefbtowser
window, only a part of the page is shown, while somther parts are hidden and can
be shown through scrolling. Thus, at any time s@artlets can have full visibility,
some others partial visibility (only a percentadeth® portlet area is visible), while
the remaining are completely hidden to the user.

Every time a scrolling event occurs, our loggerords its timestamp and the
position of the portlet in the page. The availdpibf this data allows us to precisely
calculate the amount of time thmortlets were fully visible, partially visible or
completely invisible during the visit.



This information, in the context of a portal, isyeseful, since, after knowing which
page has attracted the user more, it let us knayhdni interest in the single content

units of the page. Figure 6 contains a chart shgwle visibility percentage of the
portlet.

Portlets Visibility Time
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Fig. 6. Portlet visibility chart sample.

When a portlet is partially visible, the chart @ure 6 does not exactly tell us the
extent of the visible and hidden areas of the poriThus, in order to complete the
visibility analysis, we considered it opportunestwow another chart summarizing the
visibility percentage of the portlet across usepsige views. This indicator is

calculated as the weighted mean of all the visibitimes, using the following
formula:

2 G *v)

V - (1)
T

V is the total visibility indicator for the portlef,andv; are, respectively, its time and
percentage of visibility in the i-th intervdl,is the total time of the page visit.

A sample of the chart is shown in figure 7. For siaée of readability, the bars are
shown in green for high visibility, in yellow foow visibility and in red for scarce

visibility. The elaboration and the queries perfednon the log for obtaining the

parameters in (1) , have been reported in appendix.
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Fig. 7. Portlet visibility percentage chart sample.

3.2.3 Portlet Interactions

Someportlets can be more informative while others can be moteractive. For
example, an article of an on-line news magazirsupgposed to be informative, while
a section containing a form should be more intéracthat is, it should receive more
user interactions than the former. Many people th&e mouse as a pointer while
reading on-line news.

Portlets Interactions
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Fig. 8. Portlet interactivity level chart sample.



With our tool, we can obtain an information aboottfet interaction from a bar
chart. An example is shown in figure 8. In the thaach bar is composed of three
sections of different color. They represent threfeint types of interactions:
window, mouse and keyboard events.

Another interest indicator to be considered is ttal time a portlet has the mouse
pointer in it. An eye tracking study [7] shows thihere is a significant correlation

between the eye movements and the mouse movertraténg the trajectory drawn

by the mouse pointer could be useful for obtairtimg probable trajectory of user’'s
eyes, that is, what the user is interested in.

Portlets Interaction Time

O rypt-01 W mypt-02
[ rypt-03 B mypt-04
W outside portlets

Fig. 9. Portlet mouse pointer focus.

While eye tracking cannot be performed, if not thteoc equipped laboratories,
mouse tracking can be easily performed by our tlblof the mouse movements can
be reconstructed from the log analysis.

With a great number of users, the reconstructioallofnouse movements can be too
onerous. A similar interest indicator can be olediby just calculating the amount of
mouse movements and the amount of time spent bysbewith the mouse pointer
inside a portlet. The number of movements has dyréaen described and charted in
figure 8. As for the amount of time the portlet las mouse pointer in it, a pie chart,
showing the times of presence of the mouse pointide theportlets of the same
page, appears as the most appropriate choice. plsasrshown in figure 9.



4 Related Work, Uses and Applications

The effectiveness of implicit interest indicatoss witnessed by several studies in
literature [5; 20]. These works demonstrate theretation between the implicit
indicators and the actual interest of the usertHeumore, such studies produce a list
of the most used interest indicators. Some workpgse the development of tools for
determining user’s interests. For example, in [prexy server based system is used
to capture client-side interactions. Other pontafrfework, such ad/ebsphere Portal
Server [22], also analyze the user behavior, but thealysis is based on classical
clickstream metrics.

Some works are aimed at understanding the struciudeb pages in order to
determine page sections. Many algorithms have Ipeesented to this extent. The
purposes of determining page sections include ttection of similarities among
pages, the adaptation of the pages to small scrabasdetection of the most
significant content of the page, etc.

Wenyn et al. [23] divide pages in sections to det@uilarities between two pages,
in order to prevent phishing. Chen et al. [6] de #ame thing in order to better view
Web pages on small screen devices. Blocks in thegare detected for identifying
the informative sections of the page to reducergjasizes for search engines [10] or
to eliminate redundant information for Web minir@fL]. It is clear that, if efforts
have been made to divide pages in sections, wherpdges are explicitly divided in
sections, we can pursue the above discussed afgectind do much more. Once
determined, the indication of user interest, caltad from the log analysis, can be
used for several purposes. The next sub-secticalgzmthe possible practical uses of
our system in several Web research fields.

4.1 Integrating Web Metrics

Web metrics tell us how the users are using a Wteb B-commerce sites need to
know this information in order to improve their Ig®j capacity. Some of the most
commonly used Web metrics are: the number of péiesyvthe number of banner or
link clicks, the percentage of users who completaction, etc.
Unfortunately, clickstream analysis metrics have following limitations, as

remarked by Weischedel and Huizingh [22]:

= They report activity on the server and not usewggt

= They can overestimate the actual use of Web sitegalspiders activity;

= They do not include the real time spent on the fpgee user.
Our system overcomes these problems, in fact, fgtucas client side activity, can
easily recognize spiders from the absence of mmemements and records times, in
such a way that it is easy to detect inactivityetidue to user absence from the screen.

4.2 Portal Design

The location of theportlets in the portal page has a great importance, sinoees
portlets can have more visibility than others. An eye tiagkstudy [12], analyzing



the behaviour of users in some browsing tasksshawn that user’s interest is more
concentrated, at least in the initial phases ofepgagwsing, in theortlets placed on
the top of the first column on the left. In the sastudy, a complete classification of
the places which are candidates to gain more mserest has been performed. It is
advisable that, if the portal holder wants to engi@the content of a portlet more
than another, he/she should put theslets in those places.

Our tool can help in determining tipertlets which attract user’s interest more and,
on the basis of this data, it can help portal adstigior in placing thgortlets in the
pages.

4.3 Personalization of the Portal

Web portal customization is often used to tailar services of the portal to a single
user or to a group of users. In some cases, the hasethe freedom of choosing
his/her favouriteportlets to place in his/her home page. In other casesintbeest of
the user can be inferred from the logs, and thepadithe portal constructed in order
to give more visibility to content which matche®uds interests. Our system can help
in the latter case. Moreover, in the case of graafpssers, groups can be obtained
through clustering procedures. Our system can b&u®r gathering data to obtain
cluster of users.

4.4 Portal and Portlet Usability

Sinceportlets can be considered small Web applications, theniiefin of usability
can be extended fquortlet usability. Diaz et al. [11] define it as the capability of a
portlet to be understood, learned or used under specifiediitions. The implicit
interest indicators can be used to facilitate #ek tof usability evaluators. Atterer et
al. [1] show many situations in which this is trder example by using true users
instead of volunteers in the lab. Furthermore, ulyst19] states the possibility of
performing a choice among differepbrtlets with similar features, choosing on the
basis of their usability. Our tool can be usefulthés extent, in order to isolate the
interactions relative to a given portlet thus ewssihg its usability.

The position of theportlets affects the usability of the portal. For exampé,us
suppose that a task can be performed by interagtittymore than on@ortlet. The
position of theportlets involved in the task can affect the amount of timeeessary to
perform the task itself. A usability study can lwaed at finding the best location for
each of theseortlets. Our system allows the usability evaluators toordcand
evaluate the action of the users in all of theedéht portlet arrangements.

Lastly, our tool captures key press events. Inchse ofportlets with forms, the
data can be used to understand if the user hadepnekn filling the form. This is
valid for any kind of Web site and not only for pais.



4.5 Logging and Analyzing Learner Behavior in Onkine Testing

An approach similar to the one described so farbdeen used in on-line testing in
order to log and analyze learner behavior in oe-liesting.On-Line Testing, also
known asComputer Assisted Assessment (CAA), is a sector of e-learning aimed at
assessing learner's knowledge through e-learningansie Tracking learner’'s
interactions during the execution of a test camdeful for understanding the strategy
used by the learner to complete the test and fengihim/her advise on how to
perform better in future tests. Several experiméiatge been performed to this aim
[2; 15; 18] in the past. Our approach for on-liesting is rather similar to the one
used for Web portals: learner’s interactions duriagts based omultiple choice
guestions have been logged and stored in XML filesn the information gathered is
analyzed and visualized in a suitable chart.

The interactions have been logged by instantiatirglightly modified version of
Log4p in an on-line testing system, calledorkbook [8]. This system presents the
guestions, one at a time, in a Web page. A scret¢mstihe test interface is shown in
figurel0. The learner can browse the test questmn<licking on thenext and
previous buttons in the bottom of the page. The page ispos®d of different sections
(in analogy toportlets) showing, respectively, thetem and theoptions of the
guestion. The framework records the interactiongefuser with the above described
interface, including response and browsing evemtisraouse events.

EnglishTest
Database Connectivity: JDBC

| 10 ) [Which of these features does JDBC support? I

QT OF Triggers
OT OF Transaction Management
OT OF Stored Procedure

COMSEGNA

Fig. 10.A Screenshot of the Test Execution.

A chronological review of the test has been madailavlie through a chart,
obtained by showing the salient points of a testcakion, synthesized in the
interactions recorded in the log file. This chdrbws, at any time, the item browsed
by the learner, the mouse position (intended agpthsence of the mouse pointer on



the stem or on one of the options) and the presehcesponse type interactions,
correct or incorrect. The chart is two-dimensionidle horizontal axis reports a
continuous measure, the time, while the verticals adisplays categories, the
progressive number of the item currently viewedHhsy learner. The test execution is
represented through a broken line. The view oftam ifor a determined duration, is
shown through a segment drawn from the point cpmeding to the start time of the
view to the one corresponding to its end. Consefyethe length of the segment is
proportional to the duration of the visualizatiointlee corresponding item. A vertical
segment represents a browsing event. A segmenttedi¢owards the bottom of the
chart represents a backward event, that is, thededas pressed the button to view
the previous item. A segment oriented towardsdpeg a forward event.
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Fig. 11.Graphical Chronological Review of a Sample Test.

The responses given by a learner on an item aregepted through circles. The
progressive number of the chosen option is priimeile the circle. The indication of
correct/incorrect response is given by the fillioglor of the circle: a blue circle
represents a correct response, while an incorespionse is represented through a red
circle. The color is also used for representingpbsition of the mouse pointer during
the item view. The presence of the mouse pointethénstem area is represented
through a black color for the line. As for the opis areas, the red, yellow, green, blue
and purple colors have been used, respectivelyl fr 5 numbered options. More
than 5 options are not supported at present. Lagthy is used to report the presence
of the mouse pointer in a neutral zone. The gragbhitironological review of a
sample test is shown in figure 11.

By analyzing the charts obtained in an experimantied out during a laboratory
exam involving approximately 80 learners, we canctude that learners often follow
common strategies for completing on-line testsoun experiment we have identified
the following three different strategies:



0 Single Phase This strategy is composed of just qii@se (a part of the
test execution needed by the learner for sequnbabwsing all of the
questions). The time available to complete the iggirganized by the
learner in order to browse all the questions juteo The learner tries to
reason upon a question for an adequate time amdgilves a response in
almost all cases, since he/she knows that thetenatlbe a revision for
the questions. Eventugbhases subsequent to the first one have a
negligible duration and no responses.

0 Active Revising This strategy is composed of two or mpteses. The
learner intentionally browses all the questionsishorter time than the
time available, in order to leave some time foriging phases. The
questions whose answer is uncertain are skippedhanesponse is left to
subsequenphases. As a general rule, the firphase lasts a longer time
and the subsequepiiases have decreasing durations.

0 Passive RevisingThis strategy is composed of two or mphases. The
learner browses and answers all the questions stsafapossible. The
remaining time is used for one or more revigihgses. As a general rule,
the first phase lasts a longer time and the subsequpméses have
decreasing durations.

For both the definition of the strategies and tlasgification of test instances, the
charts have been visually analyzed by a human tgrefBhe above tasks are rather
difficult to perform automatically, while a traindtuman operator can establish the
strategy used by the learner from a visual inspaatif the charts of the test instances
and giving advice to the learners on how to perfbatter next time.

Other uses of the above described method are tieetaa of correlation among
guestions and the detection of cheating duringtddte reader can refer to a separate
paper [9] for obtaining a more detailed descriptionthe educational results of our
experiment.

5 Conclusions

In this paper we have presented a system aimebtaining and analyzing the data
about the behaviour of the users of Web portalg. §ystem overcomes the limitation
of the simple page visit-based metrics, giving makiable information related to the
portlets, such as their visibility and interactivity anaynsequently, the interest of the
user in them.

The system is composed of two components: a framefay obtaining XML-
based log files and an application for log analySisveral charts, drawn using the
analyzed data have been shown.

Referencing some recent work in literature, we hengied that our system can be
useful for numerous purposes, such as, integratiiep metrics, optimizing portlet
layout both for all users and for personalizatistudying usability of portals and, in a
slightly modified version, analyzing learner belwain on-line testing. Future work is
aimed at further demonstrating the use of our systesome of these fields.



Finally, an aspect that has been considered, buyetoput into practice, is the
availability of the log data both to the portal aadthe portlet producer. At present
some architecture and secure schemas have beem it#keaccount, as the one
proposed by Blundo and Cimato [4], applied for dwfaing banner clicks in
advertising campaigns.

The system has been tested on a portal developbdApiache Jetspeed Il [14]
Portal framework.
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Appendix

As an example, the pseudo-code procedure usedeldpghanalyzer for obtaining the
portlet visibility percentage chart, follows. Eatlar in the chart represents the
percentage of visibility of a portlet across algpasiews. Those values are calculated
using (1). The procedure assume, simplisticallst 8l of the analyzed pages contain
the sameportlets. Their number is passed as a parameter to theguoe (line 1), and

is used to associate the correct event timestames(lL6-18) to portlet data (name
and coordinates).

Every time a user scrolls the page, the percergégssibility of a portlet changes,
since part or all of its area can fall inside/odésthe browser’s client area. On the
initial pageload event, and on everscroll event, our log records the coordinates of
eachportlet (through theportlet element of the information model, see figure 3).
Through our sample code, for easlent element and for eagortlet elementportlet
names, coordinates and event timestamps are otbthynajuerying the log and by
storing the results in theportletNames, coordinates and timestamps vectors,
rispectively (lines 3-7).

1 procedure showVvisibilityChart(portletNum

2

3 portletNanes = let $x := //portlet return $x/ @ang;
4 coordinates = let $x :=//portlet return

5 $x/ @oor di nat es;

6 tinestanps = for $x in //event where $x/ @ype="I|oad"



7

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

or $x/ @ype="scroll" return $x/ @i nest anp;

ol d_ti = timestanps[0];
T = 0;

for(j=0; j < portletNanes.length; j++)
v = cal cul ateVisibilityPercentage(coordinates[j]);
if (j YportletNum== 0)
i = j/portletNum+ 1;
time = timestanps[i];
t =time - old_tine;
T +=1;
old_tine = tine;
sun{portletNames[j]} +=vVv * t;

for each (portlet in sum
visibility{portlet} = sum{portlet} / T;

createChart(visibility);

Once obtained event timestamps gudtlet coordinates, the numerator in (1) is
calculated through the iteration of lines 12-23eTgartial sum is kept by th&im
associative array (line 23), whose keys are portlnes. The calculation of the
visibility percentage in the i-th time intervalis delegated, as shown in line 13, to the
calculateVisibilityPercentage sub-routine. The time intervalg can be easily
calculated by subtracting the (i+1)-th and the tithestamps (line 19). Those time
intervals are summed in line 20 to obtain the tttaé T.

The final results are put in thasibility associative array, as shown in line 25.
Those results are obtained by dividing the pastigths byT.

Lastly, visibility is passed to thereateChart sub-routine, which is responsible for
drawing the bar chart (line 27).



