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Resumen

Los datos de los archivos de registro de actividades Web (Web |
la base del analisis del comportamiento de los usuarios duran
sin embargo, estos datos tienen algunos defectos importantes
gue no permiten saber con exactitud lo que el usuario esta ha
mirando la pantalla o haciendo algo diferente? Hemos lleva
estudio de seguimiento ocular para analizar la forma en que
realizan busquedas en la Web. EIl objetivo es obtener informac
acerca de la estrategia de busqueda del usuario. ¢Qué factores
el proceso de buUusqueda para los usuarios? ¢(Qué caracteris
diferencia entre las busquedas exitosas y no exitosas? En lo
cada usuario ejecutd tres sesiones de consulta diferentes pal
objetivos de informacion predefinidos y al final de cada exj}
pregunté a los usuarios si encontraron sus objetivos de info
investigacion presenta los resultados centrados en el numer
formuladas por sesion , los documentos cuyos enlaces fueron
mediante un click del mouse, el numero de fijaciones oculares
duraciéon de estas fijaciones, y la distribucién de la atencidn c
diferentes areas de la pantalla, entre otros aspectos. EIl es
tendencias interesantes relacionadas con las areas de la pagin
buscador y de los documentos visitados, en las que se fijan los
factores derivados que diferencian a los usuarios que tiene
busqueda de informacién de aquellos que no logran su objetivo.

Palabras :cEaywe tracking, web log, sesiones de consulta, éxi
busquedas.

Abstract

Web log data has been the basis for analyzing user behavior 1
years, but it has several important shortcomings, the main on
don't really know what the user is doing is s/he looking at the
something else? We have conducted an Eye-Tracking study to a
users are searching the Web. The goal is to obtain more prec
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about the search strategy of the user. Which factors are rele
search process? Which characteristics make the difference bet
and unsuccessful searches? In the experiments, each user c
different query sessions to find three predefined information o
the end of each experiment the users were asked if they found
objectives. This research presents results focusing on the num
queries by session, documents clicked, the fixation durations o
and the distribution of the attention in the different areas of tl
other aspects. We find interesting trends, in terms of where u
results and contents pages, and other derived factors which d
who are successful in their information search from those who a

KeyworByge tracking; web log; query session; search success

1. Introduction

Eye-tracking is a state of the art technology which recen
much more manageable, economical, and user friendly. V
been used widely in the web search analysis communi
conclusions about search categories, user types, docum
and so on. However, anonymous web log data is nothing
approximation of what the user is really doing. Also, the
patterns on the screen are completely unknown: browsi
results before deciding which one to click on, reading
document to decide if it is relevant or not and to find ¢
information. This is the information which we can now e\
current work and in this paper. Also, the behavior of u
successful or unsuccessful in their searches may vary i
movement and fixation points on the screen. We propc
evaluation of successful and unsuccessful query session
which is sensitive to differences in user activity in gener,
number of docs clicked, etc.) and eye activity in particu
fixation points, time spend on fixation points, eye move
on the screen, in a document, and over the results list). 1
find what they are looking for will behave differently from
not find it, and we can quantify these factors from the Wi
tracking data together, and analyze the differences statis

On the other hand, we have the problem of how to help 1
successful in their query searches, in terms of user
guidance. In this paper, we consider these three aspects
the user queries in terms of Web log + eye-tracking d
differences between successful and unsuccessful users i
profiles; (3) how to offer the users appropriate help, s
recommendation and automatic error correction, when
possible 'failure' scenarios.
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2. State of the Art and Related Work

In this section we look at the state of the art and relat
following drgasry log analysis witho(it)eye tracking;
trackifigipvaluation of eye movement on(the computer scr
user stu@ipsapping of gaze data to Wéwi)content pages
mapping of gaze data to the results pagei:) the Golden T
mapping of eye movement to results and content pages:
pattern

(iQuery log analysis withoutlreye-deatkyegrs, web
search behavior has been analyzed in detail by different
in the Web mining community using query logs collecte:
engines. Previous work of Baeza-Yates [1][2] and Nettle
has been based on statistical analysis of web-log data,
times of documents, number of results clicked, rankin
documents, and so on. One deficit, we could say, of web
that we do not know if the user is really looking at the s
s/he is looking at or doing.

(ii) Eye-tradhimdgechnology of Eye tracking has been in |
several decades in a diversity of domains, such as n
psychology, industrial engineeringsand human f¢
marketing/advertising, and computer science [6]. Work ¢
Tracking to web search, such as [4][8][15], tends to foc
aspects of the page content. For example, in [4], Cutrell
study to evaluate the effect of snippet length on how pe
search, by studying eye tracking data from results pag
configurations. They found that adding information to tf
snippet significantly improved performance for informatit
degraded performance for navigational tasks. In contrast
present study we allow users to formulate queries on the
of providing a ready-made set of queries for each task.

(iii) Evaluation of eye-movement on lm dbmputer screer
context of evaluating user eye movement on a computer
respect to displayed information on that screen, diffe
methods have been adopted [10]. Three of the main re
methods for user oculdr)tdetidiefi natieorne asf of

interest' (A®d.s)Cutrell [4]) by marking generally rectar
shapes predefined on the area to be studied and the re
ocular movement and focusi)Xb et hgesee eakkamt of

maps'hich show, using a given color scheme(typically the
the spectrum indicates 'hot' high user focus and the bl
spectrum indicates 'cool' low user focus activity), whe
focuses most often and féiriifine mese rtd gi@ze of
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mapw'hich show as circles on the screen image, the point:
has focused. The bigger the circle, the more time a user
point. The circles are joined by directed lines/arrows whi
path a users' vision has taken and in what order the po
visited. Modern eye-tracking equipment can generate
representations from relatively simple statistics of frequ
measurements with xegp®ectitmatlees of the screen.

(iv) User Sthdgeestracking has been shown as very usefi
ergonomic user studies and studiestbfrleewpethitetaser behav:
specific objects or characteristic® mwpthtier asrcriereange on the
or a web page[5][7][14][16][17]. Fot.exlamphbhayryin [14], Pa
out an eye tracking study of 30 subjeqtepaha22 web pages
web sites, with the objective of exmplfordoglahe determine
behavior on a single web page: whetheirdutais determined
differences of the subjects, different types of web sites,
pages being viewed, or the task atténdahdt Feerdreresults ind
of subjects, the viewing order of a iwaebbpaweemnd the inte
page order and site type, influence online ocular behavior,

(v) Mapping of gaze data to wBhsomaerfBlpagersed

out a study mapping gaze data to web page content, an
model for predicting the visual attention that individual
may receive. Buscher divided the screen into 10 regions
region the following statistics were calculated: median
fixation, viewing frequency, median fixation impact (¢
duration), median fixation impact (first second of task).
subdivided into two subtasks: (i) information foraging,
recognition. The study was carried out with 20 users and
With respect to work related to eye movement analysis c
two key recent findih@aslderre Thimpgésented by
Hotchkiss in [9]F-&Shépdhe patrteesented by Nielson in
[13]. We will now briefly describe these two phenomena.

(vi) Mapping of gaze data to the results page: the

Trianglén. a series of user studies, Hotchkiss [9] iden
triangular region (the so called Golden Triangle ) of
visibility on the search results page. With reference to
golden triangle is a right-angled triangle aligned along tft
search result and the left side of the results page. It ext
top of the results page over to the top of the first result
point on the left side about three quarters of the way d
However, we must take into account that their study wa
sample size of only 48 subjects, made up of university u
and graduates, 52% female, 48% male, and 83% with ag¢
yrs.
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Fig. Heat Map: Golden Triangle pattern shown by the '"heat m
users focus on a search results page.

Hotchkiss related the Golden Triangle tendency to ho
engine (Google) works and presents results. In genera
engine places the best listings at or near the top. There
the tendency, at the beginning of a search session, to re
activity to the area of the page most likely to have the b
area has been termed the Golden Triangle . Users tend
information in this area with a typical upper left orienta-
tend to scan listings and the majority (approx. 72 perc
Hotchkiss) click as soon as they see something of intere
search engine is presenting the results correctly, the
probability that the most relevant result will be the first
user, because the best result has been located in the fi
users tend to look (top left). The user may also check th
results by scanning the title and description.

(vii) Mapping of eye movement to Results and Content p
F-shaped patieéeehsen's [13] eye tracking research showe



58

David Nettleton, Cristina Gonzéalez-Caro

users read web content in an F-shaped pattern. The F-
pattern refers to a viewing order in which users commen
across the top line and then look down the page a little
again and then continue down the left side. With referen
the '"hotspot map' shows the general F pattern of eye m«
be seen that most of the fixations are concentrated in tt
corner of the page. The image is from an e-commerce sit¢
in the middle of the page. The second line is lower than |
it moves to the text below the picture. The top right hand
the price. The implications of the F-shaped tendency con
do not read all of the content on a Web page. The mo
information should be contained in the first two paragra
paragraphs and bullet points should begin with words th
information content, which will be noticed when the user
side. Again, we must take into account the small sampl
study: twenty undergraduate students (17 female, 3 male’
were between the ages of 18 and 26 yrs. The eye-trackir
was the Tobii 1750 system. However, more recent studie
F-shaped tendency for modern content pages which con’
images and text in different relative positions on the scre

Fig. Bleat Map. F-Shaped pattern of how users read web cor
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SummaMuch of the current work in the literature tends t
results using 'heat maps' and 'gazenpéoes't (to show sg
areas), for static predefined userrexpe eimelotys In this pa
some data mining techniques such aslaeural clusterir
induction, to contrast this way of imttdéirephetanig the data
maps and gaze plots, which we also geaerated from th:
tracking System. We also give the uskeifrewcom for formt
query (for a specified objective) andeth®eimrcarry out a ¢
(that is, one or more related queriesngnaf correspondin
results and content).

3. Experimental Design

In traditional Web Search Engines ugarss asrubmit a set of
are then given a list of results withtdethatiptions of do
possibly contain the answer to theireinfotrmeation needs.
results shown by the Search Engine will be irrelevant a
them will contain links to pages withehieseongrect answer
gquery. Our experimental setting to evalwate eye movem
designed to simulate a natural web seasrichdstossion. User
search as they normally would, amnd otthe study foc
unconstrained web search by allowindplesers to naviga
pages and to formulate and reformulayewalhtthe queries t
while searching for information toiomsollkie aispecific que
of the research is to discover as mangnddhfgerences as p
people that are successful in their wedssetdracthes compar
are not.

3.1. The Questions

We designed three questions for the web search experiment. T
create general questions in a non specialized topic and
answer in order to reduce the ambiguity of the results. E
distinct and there is no relation o connection between the

The designed questions are:

1. Name of a mechanical machine (not electrical) for ca
German origin, which fitted in thleheadorrefca hand
answer to the gQestddursal]

2. Name of the wife of the author ofT’hletheoYuegie Book"
answer to the question is Carrie Balestier

3. Name of a Catalan NGO which works in India and whot
was recently hosplihaliecerdect answer to the question i
Vicente Ferrer Foundation
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Throughout this paper the terms Q1, Q2 and Q3 will be
reference to the questions 1, 2 and 3 respectively.

3.2. The Participants

Fifty seven (57) people participated in the study, 24 men
The average age of the participants was 28 years in a ra
years. The participants had a diverse range of professio
and education levels. All the participants were moderate
at Web search, reporting that they searched the Web for
least once a week, and all were familiar with several s¢
None of them had experience using an eye-tracker.

3.3. Apparatus

The device used for measuring eye’movements was the T«
Tracker[18]. The eye tracker is integrated into a 17 TFT
tracker illuminates the user with two near infrared pr
generate reflection patterns on the corneas of the user.
then gathers these reflection patterns as well as the ste
Digital image processing is then carried out for extract
from the video signal. The system tracks pupil location a
at the rate of 50 Hz. The system allows free head motio
30x15x20 cm at 60 cm from tracker. The resolution of t
1280x1024, and the recommended distance of the user fr
is 60 cm. In Figure 3 we can see the screen of the interf
software showing a participant's 'scan path' map.

3.4. Procedure and Design

At the beginning of the experiment the users were inforr
purpose and the procedure of the study. Users were aske
search tasks using the web search engine, as they woul
Each participant conducted two task searches correspon
the designed questions of this study. When starting the
description of the question was shown to the users. Aft
question description, the participants clicked a start bt
taken to a search engine page to start the search task.
find the correct answer to the question by searching the
commercial Search Engine. Participants were free to cl
scroll page-up/page-down as needed, this navigation free
the study a high degree of reality to the search tasks. |
they should continue the task until completed or until 5
elapsed.

° http://www.tobii.com/corporate.aspx
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Fig. Screenshot of Eye-Tracker Software.

4. Results

In this section we analyze the characteristics of the V
performed by the participants of this study. In all the
distinguish the page type, where SERP refers to the s
result page and CRP refers to the clicked result page.

The results are presented in three Sections: in Section
analysis is made of the available data to identify tre
distinguish, successful from unsuccessful searches. In
study is made of successful and unsuccessful searches
clustering of the X,Y fixation coordinates. Finally, in Se
evaluate the heatmaps and gaze plots in order to determi
of a structured (non random) gaze pattern on the screel
studies, we distinguish the page type, where page type
engine results page and page type 2 is a clicked results c

4.1. Successful and Unsuccessful Searches

Almost all the participants (56) completed the two task s
had assigned; only one of them completed half of the
performed just one of the two query sessions. In tote
performed 67 successful searches and 46 unsuccessful si

The results of the general statistics (see Table 1) show
successful and unsuccessful searches. On average, u¢
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successful formulate fewer queries per session and vi
number of documents than unsuccessful users. We condu
tests with independent variable type of user (successful
and with dependent variables number of queries form
average number of documents selected. Significant effec
for both cases: number of documents (F=153.309, p<I
average number of queries (F=229.053, p<0.001). These
suggest that successful users have a more focused sear:
can contrast this assumption by evaluating the variable:
the eye tracking methods, fixation frequency and fixatior
Table 2). Fixation frequency refers to the number of time
fixes his attention in some specific point of the screen. F
is related to the duration of a fixation [8]. The results sh
and number of fixations that unsuccessful users invest
CRP is almost the double of the time that successful use
same pages. If the web search engine is able to detect -
has the possibility to bring to the user a more effective
clear and intuitive interfaces or highlights on the key inf
that allows these users to make a better selection of doc!

SuccessflWinsuccessfuAll

Avg. number of quefrile.86 3.26 2.5

Avg. number of pagle4.86lecte8.32 6.34

Table General statistics by query session.

SuccessflWinsuccegsfudll
Fix. Frequency on S$ER®P5.41 49.40 37.41
Fix. Frequency on CRP29.47 56.96 43.272
Fix. Duration on SERP 1(6.d)l 28.6 22.3
Fix. Duration on CRO (sg) 17.82 3R.39 25.1
Table Rye tracking statistics of successful and unsuccessful
sessions.

Analysis of web search behavior in teAmastloértask difficul
aspect to consider in the analysis loé webrseiartthebehavior
difficulty of the task. The percentagetmfeagbcessful ses
guestion is a good indicator of thekdsfdbcwlty Qelvel of the
(yes=20% / no=80%), Q2 (yes=77% / no=33%)and Q3 (y
no=12%). By observing these succesbypereaenftpages we can
question Q1 as the most difficult taskisseasch. The gen
obtained from the query log data, average number of que
(Ql=2.7, Q2=2.5, Q3=2) and average pahelbeéedof document
(Ql=7, Q2=6.3, Q3=4.3), suggest thhe ttheeseasch activity
proportional to the difficulty leveéwdrihtheseasalitsask. How
for fixation frequency and fixatioamnduuasiwance § sfwdcessful
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searches suggest that the time that &€ RBersspends in SE
related with the strategy of searcheodifhiewlsgrodnd not wit
the task. In general, the fixation fragiwenof and fixatio
successful users for SERP is homogemsuéséer the three
Figure 4). Successful users find the nsnswers for the
approximately in the same time and watipmhlse Ifame number
is not the same situation for unsufcasgesfdbesarst this kinc
have a homogeneous search behaviorxaTioen fixation time
duration is different for each quedtéebavdod i) I@sp case the
effective in time and number of fixatsansewbhé&wnl compared \
users. The gap in the attention tbhdcdatisbeatioolyednd unsat
paid to SERP and CRP suggest that tdhlresweiamso kinds of se
need different types of service or leabmfyomigheeweb searcl
5 shows some examples of the unsuccrsssful and succ:
respectively, when they search for information in the SERF

Fig. @left) Fixation frequency and (right) Fixation duration for
and unsuccessful searches by type of question and type of

Fig. Beat Maps. Screen images on top show SERPs of unsuc
searches. Screen images on bottom show SERPs of successfi
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4.2. Neural Clustering of X, Y Fixation Coordi

For this analysis, we have used the Neural Clustering al
IBM Intelligent Miner for Data software [19]. We have div
by page type (search engine results page or clicked doc
the flag success=yes/no which indicates if the user was s
in finding the required information. We note that this cl
does not take into account the duration of the fixation;
studied separately in Section 4.1. Moreover, we can say
represent the frequencies in which users' fixations in gel
a given region.

Fig.. &Example of the association of a rectangular area of the ¢
data cluster generated by the neural clustering.

Data Proce3diagfollowing steps were taken to generate
clusters and associate them with rectangular areas on
screéncreate two data files, one for users who were suc:
another for users who we(iéfootesuwchctissfwlive the X,Y
coordinates to the clustering. The clustering algorithm
clusters from(thigodatach cluster generated, calculate stat
to identify max/min values(fojpXsaddohoth¥;values

from step (iii), relate clusters to rectangles on screel
max/min limits of KiwChalake shat the area is represented b
a well defined cluster and not a disperse set of points (th
clustering results statistics indicated by the clustering a
the clustering density and location of the cluster center)
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a cluster has Xmin=0, Xmax=200, Ymin=0 and Ymax=100,
a rectangle limited by the corresponding X,Y coordinates
{(0,0); (200,0); (0,100); (200,100)}.

Fig. Reural Clustering of X,Y coordinates.
Results Page success = 'yes'.

Page type 1 (search engine results page)- If we compa
regions (areas of interest), for success='yes' (Figure 7)
(Figure 8), we can clearly observe the difference betw:
covered by the user's vision in each case. In Figure 8 we
user has covered a much wider area, missing out a smal
and to the left of the screen (the y axis is reversed). On
Figure 7 the user has focused on specific regions lower ¢
and towards the center.

Fig. Beural Clustering of X,Y coordinates. Results Page suc
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With reference to the fixations on the area where the
located, we see in Figure 7 (success='yes') it is much
defined (users focused more specifically on that area).
focus area in Figure 7 is defined approximately, as withi
defined by the four X,Y coordinates {100,50; 100,10C
300;100}. On the other hand, in Figure 8 (success='no'")
focus of users was not so evident in the query box area,
dispersed.

Page type 2 (clicked document) - In Figure 9 we show the
were heavily biased by the question itself. That is, the
guestion was in a specific zone of a given clicked do
example the Wikipedia page for the German calculator q
These regions/clusters were excluded from Figure 10, in
have clusters which could be generalized (independent o
If we compare Figures 10 and 11, we again see that the f
special interest are distinct, for users who found the
guestion, and those who did not. However, the areas shc
10 and 11 have a greater coincidence (overlap) with resj
Figures 7 and 8. We can highlight the region defined by
having a greater scrutiny for those who did not find the i
11).

Fig. Beural Clustering of X,Y coordinates. Clicked documents
'yes' (clusters biased by question).
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Fig. INeural Clustering of X,Y coordinates. Clicked documents
= 'yes' (clusters not biased by question).

Fig. INeural Clustering of X,Y coordinates.
Clicked documents success = 'no'.
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4.3. Ildentification of Tendencies in Heat Maps
Plots

We evaluated the Tobii heat maps and gaze plots of res
content pages of the users, using a scale from 0 to 5 1
presence of the golden triangle and/or a structured (nor
pattern on the screen. The scale was: {O:None, 1:Very |
3:Some incidence; 4:Quite evident; 5:Very evident}. In T
the compiled results for all the SERPs and CRPs. We
inspected each screen individually, using the evaluation
for the presence of the golden triangle and structurec
values in Table 3 are the average values for all pages
observe that for all cases, the values for the successful
than those of the unsuccessful users, ranging from a 20\"
CRP/structured-pattern to a 124\% difference for the S
triangle.

SERP CRP
OQutcome of sedrch Gqldanucrtiameg t€emiden trijaBgiecture [trend
Success=YES 2198 1.93 2.51 2.02
Success=NOT 1{33 1.45 1.56 1.69
% of difference|l betwleen 33 61 20
YES and NO inglexes

Table I3icidence of patterns for different page types and
successful/unsuccessful users.

We can conclude from this data that successful users ten
predefined patterns (such as looking in the golden triar
systematic in their eye movement). This is most evident
and for the golden triangle. With reference to Figure 12
example SERP (results page) for a successful search, ai
(right) we see an example SERP for an unsuccessful sear

In Figure 12 (left), we can see quite clearly a more sys
concentrated in the upper part of the screen which agrec¢
map results (see Figure 5), that successful searchers
Golden Triangle for SERP pages. On the other hand, |
(right, unsuccessful search) a different path is displaye
more chaotic, covering a greater area of the page and i
time and effort (shown by the greater number of gaze poi
agrees with the heat maps results for SERP (Figure 5
comment to this section, we mention that as the experim
with real web pages, 'noise' may be introduced into the g
the presence of embedded images, ostdwreorll options,
features/functionality of the web pages.
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Fig. .18aze Plot: SERPs (Result Pages). Gaze plots for questi
search success (Yes on the left; No on the right).

5. Conclusions

In this study we have analyzed different types of factors
the users and query sessions in terms of successful an
searches, taking into account the page type which can

engine results page (SERP) or a clicked results page (CF
of the analysis of user search behavior have identified

which distinguish between successful and unsuccessful
average, users who are successful formulate fewer quer
and visit a smaller number of documents than unsuccess
results for fixation frequency and fixation duration of s
unsuccessful searches suggest that the time that a user
and CRP is more related with the strategy of search of th
the difficulty of the search task. Based on the scanning

SERPs and CRPs we have shown that the search strat
successful users are more focused and systematic tha
strategies of unsuccessful users. Now the open question
Engines should react with unsuccessful users? How can £
help this type of users to achieve successful searches?
suggested actions that can be derived from this study,
Search Engines could detect if a user is spending more
established average for a successful search and try to he
task: suggestion of better queries, different presentatio
and so on. Another important conclusion that we can de
eye tracking analysis of the unsuccessful users is the
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effort required to select the results from the list present
Engine. Through the fixation frequency and fixation dur
establish that it is not easy for this kind of user to selec!
lead them to the desired information. One suggestion is
snippets of the search results: if the users spend to«
evaluating the results it could be because they don't fi
sufficiently informative, so Search Engines need to cons
and try to offer more descriptive results.As future work
conducting a new experiment, with two versions of the r
one with enriched search result snippets, and the other
result snippets. Also, by programming an APl to the resul
detect when the user is spending too much time evaluatir
showing unstructured search patterns, and offer help at t
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