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In the past decade, the World Wide Web has beejectuio dramatic changes. Web sites have evolva fr
static information resources to dynamic and inté&ra@pplications that are used for a broad scé@etivities
on a daily basis. To examine the consequencesesetbhanges on user behavior, we conducted a éomg-t
client-side Web usage study with twenty-five pap@nts. This report presents results of this sty com-
pares the user behavior with previous long-ternwbes usage studies, which range in age from sevémirt
teen years. Based on the empirical data and theviatv results, various implications for the ingexé design of
browsers and Web sites are discussed.

A major finding is the decreasing prominence ofkb@cking in Web navigation. This can largely beibtited
to the increasing importance of dynamic, serviderted Web sites. Users do not navigate on thees si
searching for information, but rather interact wath online application to complete certain tasksthermore,
the usage of multiple windows and tabs has pagfiyaced back button usage, posing new challengasséy
orientation and backtracking. We found that Webwsing is a rapid activity even for pages with sahsal
content, which calls for page designs that allonciarsory reading. Click maps provide additiondbimation
on how users interact with the Web on page leviaklly, substantial differences were observed betwesers,
and characteristic usage patterns for differenesypf Web sites emphasize the need for more adaptid
customizable Web browsers.

Categories and Subject Descriptors: H.5rfdr mation Interfaces and Presentation]: Hypertext/Hypermedia
—User issuesH5.2 [Information I nterfaces and Presentation]: User Interfaces Evaluation / methodology
General Terms: Human Factors, Design, Experimemtati
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1. INTRODUCTION

The World Wide Web has become one of our primargmeeof information and commu-
nication, a space for expressing both private aiodepsional interests, and at the same
time a huge marketplace and economic factor. Toilay,a key platform for news and
entertainment, e-commerce, research, communicatidrcollaboration (USC 2007). The
importance of the usability of the related useeiifaces can hardly be overestimated.
And yet, an important factor is omitted when cohtetructure and experience are de-
signed and evaluated on the Web: we know surplisiitje about the way people inter-
act with their browsers during their daily use logé tWeb, or about ways in which they
revisit pages after a longer period. While userigigtion on single Web sites is com-
monly logged and used for subsequent analysis &f bishavior, the exact nature of the

T This paper is an extended version of: WEINREICH, ®BBENDORF, H., HERDER, E., AND
MAYER, M., 2006. Off the Beaten Tracks: Exploring &brAspects of Web Navigation. In
Proceedings of World Wide Web Conference 2&@nburgh, UK, ACM Press, 133-142.



users’ interaction with the browser and cross-sitavsing patterns remain inaccessible,

as they can only be observed on client side. Ssualalyzing personal use of the Web
over a long term are surprisingly scarce: newetistufocus on specific tasks, were per-
formed under laboratory conditions, or dealt wigarch rather than Web navigation in
general — and consequently can only give a limitsight into everyday Web use (see
section 2).

The most recently reported client-side long-teradigs are more than 7 years old —
and thus represent the 1990s, a time in which tbed\WVide Web was still in its incipi-
ency: the user population was dominated by reseescmost documents had static con-
tent and the focus lay on information delivery. RVthe increasing commercialization
and the growing number of people accessing the UWsatg home connections, its user
population became more and more diverse and newresgents emerged. Great efforts
have been made to standardize technological infictsire, and the inventiveness of
those designing interactive experiences on the Welithin and beyond technological
limitations — is astounding. Since the end of tliweties, new Web applications have
gained popularity providing functionality which wuséo reside on desktops, covering a
wide range of tasks from e-mail, chat and bullétoards to complex services such as
travel agencies, libraries, and shops. This deveéop was hardly predictable when the
first Web browsers were developed. Yet, currenivsey interfaces and their navigation
tools still closely resemble those of the browskon the early Web days, mainly
focusing on information retrieval and hypertext igation. This mismatch illustrates the
need for updating and extending findings on howsuggeract with the Web and what
problems they encounter today.

This paper presents findings of a naturalistic amgn client-side Web usage study
that provides empirical evidence for the problerhswrent users and identifies critical
areas for a future improvement of the Web expegeaxa whole. We recorded a detailed
stream of user actions with the Web browser diyectithe working environment of our
participants over a period of two to four monthgisTfairly comprehensive account of
browsing activities was accompanied by interviewbtain qualitative data about the
tasks and habits of our participants and selectesvding sessions. We were able to
identify changes compared to previous studies,yanakffects on different user inter-
action practices with Web browsers and pages, dedtify new demands for browser
navigation tools and the design of usable Web agfiins.

In the following sections, we first relate our sguib previous work and recapture
some results of the preceding long-term client-sidelies that were conducted between
1994 and 1999 (section 2). The study set-up isrdestin section 3, including the se-
lection of participants, interview procedures, buwwser logging environment, and data
processing and consolidation. The client log daththe interview results form the basis
for our quantitative and qualitative analyses, \whéce presented in section 4: We first
discuss how user interaction with the Web (naviatactions) reflect the evolution of
the Web to a hybrid between information system ankihe application (4.1). This de-
velopment poses new challenges to browser interd@séggn and especially the history
functions of current browsers (4.2). Whereas inghevious studies Web browsing was
mainly limited to one browser window, switching Wwetn multiple windows and
browser tabs has become commonplace for a majoe sfiaur participants — a change
that places higher demands on browser support &l Yage revisitation (4.3). We then
substantiate the observations of other researthatsusers often spend only very little
time on Web pages, even on those rich in contedtlianks (4.4). Subsequently, our
analysis of link click positions provides insiglas within-page navigation habits and the
interaction with search result pages. Although iag seems to be quite common even
on navigation pages, nearly half of the clickedkdinvere located in the upper left quad-
rant of the initially visible Web pages (4.5). Tleeorded browser window sizes demon-



strate that Web browsing is an activity that netdshare the users’ attention — and
screen space — with other applications (4.6). BKinale explore the differences in navi-
gation habits of our participants. Personal prefees and the types of Web sites visited
regularly have remarkable influence on interactimhavior. Consequently, statistical
data on the ‘average’ Web user can hardly reprekerdiversity of user needs (4.7).
The paper concludes with a discussion of the plessitiects of our results on the de-
velopment of future browsers and Web design guidsli

2. RELATED STUDIES

How users browse the Web has been subject to odsabmost from its inception. Many
studies are based on data freerver access loganalyzing various aspects of user navi-
gation (Pitkow, 1998; Spiliopoulou et al., 2003 chblas et al., 2006). However, these
logs have their limitations: they only report oreusctions within a single site, browser
caching mechanisms may hide some page revisitsyvaridus specifics on the inter-
action with the browsing application remain conedal Other researchers analyzed
search-engine transaction log3ansen et al., 2000; Jansen and Pooch, 2000;nJande
Spink, 2005; Rose and Levonson, 2004; Schmidt-MaenzKoch, 2006; Teevan et al.,
2006) to gain insights into query behavior and cteld elements of the result list. The
users’ navigation paths after leaving the resuliep&owever, remain unknown.

White and Drucker (2007) recently filled this gapusing a browser logging system
and analyzing the navigation trails of over 250@tipipants after having used a search
engine. The results indicated that a certain typeisers tended to ‘navigate’ from a
search result page, whereas others displayed a‘mgreratory’ behavior by submitting
many queries during a search session, jumping leetweearch results and visiting
numerous new sites. They suggested different giestdor coping with these different
kinds of users.

Another perspective is provided by observationalristerm studies. Screen captures,
video coverage, and Web diaries have been suctlgsafiplied to understand Web
browsing activities in various specific contextsak®r, 2003; Bernard et al., 2002; Choo
et al., 2000; Hyams and Sellen, 2003; Knight et24107; Milic-Frailing, 2004; Sellen et
al., 2002). Teevan et al. (2004) demonstrated #teevof link following in addition to
guerying a search engine. This processrnteeringprovides the user with contextual
information for further specifying the search antérpreting the results. Orienteering has
found to be important inefinding information as well; in a laboratory study, Capral a
Pérez-Quifiones (2003) discovered that users heagiigd on recoveringvaypoints
which they used to remember the trail to the dddiveation.

Whereas observational studies provide us with taiade insights on Web navi-
gation, it remains unclear to what extent the tesdlwhich may be biased by the test-
environment setting — can be observed in everydep Wsage. Quantitative evidence can
only be provided by long-term client-side studigsfortunately, since 1994, only three
long-term studies have been published that focutheruser’s interaction with the Web
browser. Of these studies, only two recorded erasfgation actions — and both are
more than 10 years old by now.

In 1994, the first long-term client usage study wascribed by Catledge and Pitkow
(1995). They used an instrumented version of XMosai their departmental Sun work-
stations to record the browsing activity of 107rasier 21 days. Catledge and Pitkow
identified severahavigation strategies- for instance a ‘hub-and-spoke pattern’ as a re-
sult of the frequent use of backtracking — and tbtivat users operate only on small areas
within Web sites. The back button ranked seconthis study regarding frequency of
use, accounting for 41% of navigation actions; omjperlinks were used more often
(52%). Other actions, such as ‘archiving’ actioagy(, saving or printing a page), were
comparatively rare.



In 1995, Tauscher and Greenberg focused on histgrport and analyzed thevisi-
tation behaviorof their participants (Tauscher and Greenberg,719Bhey defined the
‘recurrence rateas the probability of the next visited page havlreen visited before

by the same user. A measured rate of 58% led tbetimet conclusion that the Web is a
‘recurrent system’. They also found two power laistributions within the revisitation
patterns: most page revisits were to pages sssntlybefore, and furthermore a small
number of highlypopularpages received a high share of all revisits per. use

Finally, in 1999, Cockburn and McKenzie studied Wsk by retroactively analyzing
the Netscape history and bookmark files of 17 u¢€mckburn and McKenzie, 2001).
Their participants visited more pages per day tlemorted in previous studies, but at the
same time the revisitation rate increased to 81f¢irTdata also indicated that Web use is
rapidly interactive and that users often visit maages within seconds successively. Fi-
nally, new insights on homepage and bookmark use wbtained: their participants
tended to take many bookmarks, but used only fethiarh.

Many researchers and Web designers still use thteskes as a point of reference.
However, as indicated in the introduction, the kEoape of the World Wide Web has
changed dramatically. In Obendorf et al. (2007),examined the effect of these changes
on how users revisit information and updated axisfindings to create a more detailed
account of revisitation on the Web. In this artickee identify several aspects of Web
navigation and investigate to what extent currawotvsers cope with the new require-
ments of Web users. Design implications are givhare appropriate.

3. THE WEB-BROWSING STUDY

The Web-usage study presented here was conducWhter 2004/2005 with 25 unpaid

volunteers. The subjects were acquired in the patsand professional environments of
the authors of this study. To obtain use data feodiverse group, we invited all users
with a Web experience of at least three years aminanal use frequency of one Web
session per week.

Six of our participants were female (24%). Agesgethfrom 24 to 52 years (mean:
30.5). All subjects were experienced with the Weaying used it for 3 to 12 years
(mean: 8). Most of them came from Germany and tathétlands (three Germans lived
abroad in Ireland and New Zealand) and all intergievere conducted in their native lan-
guage. While all eight participants from the Neliweds worked as university employees
in computer science, nine Germans (36%) had ardiffebackground: two worked in
psychology, and one each in sociology, geologyctetal engineering, trading, coach-
ing, history, and photography. Seven additionatippants began the study, but dropped
out due to technical or personal reasons, and dde texcluded from the analysis. The
length of the study varied individually from 52 185 days (mean: 105 days). We were
able to confirm 137,272 user-initiated page vigit$5,643 distinct URIs and 9,741 dif-
ferent domains (see section 3.3).

Interpretation of the quantitative results from teb logs was facilitated by two in-
terviews that each lasted at least 90 minutes laaidvtere held at the beginning and the
end of the study. During the first interview we lyged demographical data and infor-
mation on general use and habits. The second ieterfocused on the user interaction
behavior and tasks during the study to validateimtrpretation of the captured data. For
example, we asked them about their usage of maltpbwser windows and tabs, and
their intentions to visit certain pages or sitesgfrently. Furthermore, we presented
graphical visualizations of selected browsing sessito understand the goals and prob-
lems of our participants. The qualitative data fribrm interviews thus contributed signifi-
cantly to the study and the results reported hahhiough the interviews limited the
number of participants, they provided deeper insighto user practices and preferences
that would have remained hidden in a purely quativie study.

4



Twenty five subjects cannot provide representathean values for all users of the
Web; however, the long-term character of the stadg the qualitative results allow
identifying problems relevant for many Web usersrtikermore, we were able to
elaborate reasons for the strong personal diffeefetween users. Even in our small
sample usage intensity, navigation strategies aistted sites varied considerably
between individuals. In fact, the diversity of bimg habits of our participants was
significant enough to indicate that researchersulshde careful to draw general
interpretations from pure statistical data of Web (see 4.7).

In our data, the only consistently popular site @@®gle: it was the most frequently

visited site for 11 participants and within the tfqur sites for all others. Therefore,
Google use received special attention in severaliofnalyses.

3.1 Pre-Study Challenges

Considering the importance of the Web, it mightnsesirprising that only so few long-
term studies used client-side log data to analiieebtrowsing behavior of Web users.
This may partly be explained by the social and ez difficulties we had to overcome
during the preparation of the study. Today, brogssconsidered private activity— or

at least, nonprivate browsing is constantly inerkd with private browsing activities,
even if logging focuses on the workplace: The Welmow used for many confidential
tasks, such as online banking, shopping or Webebasmail. After initial informal sur-
veys, it became clear we had to create a captayisgem that does not record user names
or passwords, and that ignores communication oxeure connections. Furthermore, all
participants were given the opportunity to scrdeirtown log files before making them
available to us.

Several prospective participants were also condettmet the installation of ‘spyware’
— technically, a fairly appropriate description afr instrument — might have negative
impact on the reliability of their personal compufEhese concerns were not completely
unfounded: in one of our pilot studies instrumegtinternet Explorer to record user
actions and page requests led to compatibilityeissnhen different Explorer versions
were used or new plugins were installed, decreasiegall stability — unacceptable for a
long-term study where the browser is used dailg psoduction tool.

The potential participants of this study used mdifferent browsers with different
browser extensions. In consequence, the softwase o recording user actions had to
be compatible with at least most of these systéfites.opted for a solution based on an
intermediaryintercepting the traffic between browser and Walrtiiermore, the release
of Firefox 1.0 in 2004 provided a platform for inghenting a popular Web browser. Its
interface is familiar to users of Internet Exploeerd new security risks of the internet
motivated several of our participants to ‘upgraddie open source status of the browser
made it possible for us to implement a logging na@é$m for all user interface actions,
supplementing the data that was recorded by teenmgdiary system.

3.2 The Browser Logging Environment

The browser logging environment consisted of twonplementing extensions: every
participant had an intermediary installed thaefiétd all transferred pages, and 15 of the
25 participants additionally made use of an instraoted version of the Firefox browser.
The intermediary added JavaScript code to everg.pathen executed, this code as-
signed unique identifiers to windows and frameskdi and submit elements got addi-
tional event handlers, and many browser parameiers registered, such as the load and
stay time, the history state and the document windize. It was a major challenge to
keep this code compatible with interactive Web gagspecially to prevent interference
with present JavaScript code of all kinds of padde event data of each event were



transmitted to the intermediary by requesting (biddimage objects from the inter-
mediary. The parameters were encoded in the reglRisand the intermediary returned
a small dummy image. This technique allowed ustwmrd detailed data on all page re-
quests using browser timestamps, including thecgadelink anchors, form submission
data and the current browser status. Furthermbee,rttermediary analyzed all trans-
ferred documents and recorded descriptive datataheir contents, size and links. Our
logging system was based on the Scone frameworkr(@bf et al., 2004) and IBM'’s

WBI (Barrett, 1997).

The 15 participants who used Firefox during thelgtwere either already using it as
their preferred browser, or embraced the oppoguniswitch. The instrumented browser
recorded the users’ interaction with all importasér interface widgets. It was based on
Firefox 1.0. We modified the source code of therusgerface files written in
ECMAScript (ECMA-262, 1999) and XUL (Hyatt, 2001Qur browser install file al-
ready included some popular extensions, for exar#dlén-One Gestures’ for mouse
gestures, so we were able to alter the code oéthetensions as well. All relevant Inter-
face elements called a function that wrote usage id¢o a protocol file in CSV format,
including browser timestamps, window identifiersdagvent details. We were able to
distinguish 76 different user actions with the bsew

Using browser timestamps and window identifierg, Birefox log was merged with
the enhanced click-stream log of the Scone intefangdo gain more detailed and accu-
rate data.

3.3 Data Processing and Consolidation

The first analyses of the recorded log files shoted serious data pre-processing was
necessary to get accurate results, since manyeoéiiries were not directly related to
user actions (cf. Weinreich et al., 2006). We fowsderal causes for these artifacts:
HTML framesetsbreak the document metaphor — what is visibletlier user does not
originate from a single HTML document, and many&events are created as every sub-
frame causes a page request for a distinct HTML. We identified frames by the name
of the frame and the parent window, which was feadhe embedded JavaScript code.
The interpretation of these data required not aoljating multiple page requests to one
user action, the events were also often ambiguwsusie could not define which URI was
the most important one for a user action as a uséMy valid rule. For example, if the
user selected a link in the left navigation framed a page was loaded in the right frame,
the action occurred on the left page, but the nesp@ffected the right page with another
address (Weinreich et al., 2006). The interpretatias consequences on load times, re-
visitation rate, recorded document sizes as wethadink positions. Unfortunately, no
standard exists how to handle such frame eventegrfiles, and no solution to this
problem has been offered by previous studies. Thierewe decided to exclude frame
page requests for several of our analyses to prewehiguous results.

Another significant problem was caused hgvertisements JavaScript-initiated
advertisements in pop-up windows are not delibeteter actions, and consequently
events relating to ad windows and page requests @erluded from the study. A statisti-
cally even more relevant advertisement techniqueaged on iFrames, which allow em-
bedding other HTML pages in a Web document. Acecaydb our data, iFrames were
mainly used to dynamically include advertisemeRts. the group of participants that did
not apply any kind of ad-blocker (8 users), fraifgame and advertisement artifacts rep-

1 See: http://perso.orange.fr/marc.boullet/ext/esi@ms-en.html

2 We identified advertisements by different lists lafown servers, typical URI patterns and
equivocal frame names.



resented about 28% of all HTML page requests. Ehiemarkable, as it does not even
consider online promotion realized as plain tertbedded images or flash animations.

A third source of non-user initiated page requestse automatic page reloads
mainly caused by news sites. In some cases, emtbeldd@Script code refreshed a page
contents after a certain interval, in other casesreal applications like instant messag-
ing agents were responsible for these artifactsh ®wents became visible as peaks in the
stay time distribution of some users. They contedunearly four percent of all page re-
quests; however, the ratio differed severely betwasticipants: some did not show any
periodically reloaded pages, others over 20%.

As became clear during the analysis of the commstie datasets we had gathered,
data cleaning and confirmation of user-initiatedrmg were important to be able to relate
recorded events to user actions. Previous studiesat use similar data consolidation
methods, probably because the amount of such ‘naige lower in the past: in 1995,
advertisements were still hardly known on the Waetdl Bruce McKenzie (Cockburn and
McKenzie, 2001) let us know that in their studynr@000, the effect of such requests
could still be neglected.

4. RESULTS

As discussed in the introduction, the Web has becmereasingly diverse since the first
long-term client-side studies were conducted inrttig-nineties: whereas ten years ago
Web usage was focused on academic information egehanowadays the most popular
sites are highly dynamic and cover multiple areagh as e-commerce, entertainment
and communication (USC 2007). The role of the Wedwiser has moved from a hyper-
text viewer to a universal client for online semsc Furthermore, several new browser
features were introduced, like tabbed browsing tredback button’s popup menu. But
also personal workstations have evolved, Web ackassbecome quicker and screen
sizes have increased. However, the consequendhesa changes on everyday Web use
are only partially known and have not been backeddiuralistic long-term studies.

In this section, we will analyze key impacts ofgbemanifold changes on the way
users interact with the Web. Our log data of ov&5,Q00 user-initiated page visits re-
vealed significant shifts in user interaction sitice last studies, and the interviews sup-
plied qualitative data to identify reasons for thehanges. Combined, they provide a
background for developing future browsers, browsgnancement, and designing more
usable Web pages and applications.

First, we address changes in Web navigation thatbeainduced from the recorded
user interaction with browser interface widgetd)4The most remarkable difference to
previous studies is the declining use of backtragkhat motivated further analyses. We
continue with a discussion on challenges for sé@sigh and browser navigation support
for increasingly dynamic Web sites (4.2). In thedtsubsection, the merits and draw-
backs of the application of multiple browser windoand tabs are analyzed. We show
that the established concept of the back buttors d¢ correspond with the way many
users apply windows and tabs (4.3).

The fourth subsection focuses on the speed ofioaction with the Web and con-
sequential design requirements for Web pages: pages rich in content and links are
frequently visited only for a very brief time (4.A)hereafter, user navigatiavithin Web
pages is explored — scrolling activities and limkestion (4.5). Most selected links are
within the initially visible screen and users foarsan area in the upper left corner of the
browser; this calls for a page layout consisterhweistablished standards, and indicates
the usefulness of fitting all options on a singteegen. The next section shows, however,
that user habits limit the available document spa@n on screens with high resolution
(4.6).



Table I: Comparing Three Long-Term Client-Side Weld&ts

Catledge & Tauscher & This Study
Pitkow® Greenberg*
Time of study 1994 1995-1996 2004-2005
No. of users 107 23 25
Length (days) 21 35-42 52-195, g=105
No. of visits 31,134 84,841 137,272
Recurrence rate 61% 58% 45.6%
Link 45.7% 43.4% 43.5% >
Direct access 12.6% 13.2% 9.4% N
New window 0.2% 0.8% 10.5% 2
Submit - 4.4% 15.3% &
Back 35.7% 31.7% 14.3% N
Reload 4.3% 3.3% 1.7%
Forward 1.5% 0.8% 0.6%
Other - 2.3% 4.8%

Finally we analyze individual differences betweeeb\users, as a result of various
user tasks, navigation strategies and site inter@st). The significant differences be-
tween our participants demonstrate the requireslaidity of current browsers.

4.1 The New Character of Web Navigation

Users interact with the Web browser to access resswn the Web. We labeled events
that initiate a page visihavigation actions’they comprise all user actions that lead to a
new entry in the browser history and therefore &llgu allow for returning to that
browser state by using the back button or by bookimg the page (see also section 4.2).
This definition ofnavigation actionds based on the current navigation model of Web
browsers and the concepts used in related stugliedling us to compare the results. It
can be associated to brows$ard statesn the taxonomy of browser interaction states of
Meschkat and Mittleman (20074s opposed teoft stategndtransient stateshat are not
represented by separate entries in the browsemiand relate to within-page navigation
like page scrolling, data input, or the interactioith Flash applications and AJAX-
enabled pages.

Apart from selecting links, users can triggavigation actionsn different ways: en-
tering URIs directly into the address bar of theviser, using different browser history
mechanisms to revisit pages, or submitting inforomavia forms to interactive Web ser-
vices, such as search engines.

The latest reported distribution of the appliedwser navigation actions that are
based on long-term data date back to studies fl@®® And 1996. The comparison chart
(Table I) shows some major differences, which rtfleoth the changed nature of the
Web and the way users interact with browser intada

Link following continues to be the most common navigation ac@mepunting for
about 45% of all page transitions. ‘Direct accdsspages — via the bookmark menu,

% Since previous studies recorded different setbrofvser events, we recalculated some of the
values of (Catledge and Pitkow, 1995) and (TausahdrGreenberg, 1997), and used the notion
of navigation action defined in this study.
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Figure 1: Screenshot showing bookmark toolbar (thisfory in sidebar (left), and browser tabs (fjgh

bookmark toolbdr home page button, or the address bar — has rechatable at about
10% as well. The most significant changes are theeased number of pages opened in
new browser windowshe raised importance dfrm submissionsand a decrease back
button usage

Several of our participants regularly opened newdwivs or tabs to display a new
Web page. In the mid-nineties, such events accduoteless than 1% of all navigation
actions, compared to over 10% nowadays. Howeveitevidrmerly only the explicit ac-
tion of opening a new window using the associatgdtigown menu item was registefed
this study also considers previously unavailabkr astions that result in opening a Web
page in a new window. This includes following hylpees with t ar get =" _bl ank" as an-
chor attribute, starting the browser from the degkbr from another application, and
using the ‘open link in new window’ or ‘open link new tab’ entries of the browser’s
context menu (Figure 1). Nevertheless, the log datdirmed that it has become com-
mon behavior to have more than one document opeh#éd browsing the Web (see sec-
tion 4.3)

Accounting for over 15% of all navigation actiofsym submissiomas become a key
feature of user navigation. By contrast, the sloftegack button actions has dropped from
over 30% in the mid-nineties to less than 15% insiudy. This number includes back-
tracking multiple steps via the back button’s gldlwn menu, which contributed only 3%
to all backtracking actions and has therefore gégé influence on the decreased rate.

Another browser revisitation tool — the browsertdng (Figure 1) — is not explicitly
listed in the comparison chart, as it was hardlgdusnerely 0.2% of all page requests
were initiated from the history. Only two of ourdmty-five participants reported to use it
from time to time, while ten participants even waot aware of this tool at all.

4 The bookmark toolbar (Figure 1) was not availablprevious studies.

® This follows from the much higher number of ‘closéndow’ and ‘exit program’ than ‘new
window’ events reported in (Catledge and Pitkow,5)99



Reasons for the Reduced Backtracking Share

The reduced usage of the back button, in combinatiibh an increase of ‘forward
navigation actions’ — following links, submittingrins and opening new windows — sug-
gest that users return less frequently to previouisited pages. However, as the moder-
ate decrease of the averageurrence rate(Tauscher and Greenberg, 1997) indicates,
the share of pages revisits has decreased to a lms®mér extent; it dropped only from
about 60% to 46%(Table I). One explanation is that most Web sitewadays offer
structural links on every page that allow returnioghe home page or landmark pages of
the site, without using the back button. Howevke, teduced backtracking rate also re-
lates to the increased amountsabmitandnew windowactions.

The increased number of form submissions chataetea fundamental change of
the Web during the last decade: the move from ademic information system with pri-
marily static hypertext documents to a hybrid bewa common information source and
service-oriented interactive systems, such as seargines, online shops, travel planners
and Web-based e-mail. Most service-oriented sitestare comparable to desktop ap-
plications than to information-centered hypertextiereas hypertext navigation involves
orienteering behavior with frequent backtrackimgeractive applications are mainly used
for completing certain workflows. Hence, backtrackishould be less prominent during
these activities. In order to confirm this hypoibesve compared the backtracking usage
of the top third ‘form submitters’ of our participia with the remaining participants. The
frequent submitters used the back button less &ty (9.2%) than the other partici-
pants (16.2%), a difference that is marginally Bigant (t=2.715, p=0.012). A closer
look at the consequences of this change will bertak the following section 4.2.

We also expected to find a connection between tbguéncy of back-button usage
and the increase of new window events, as someipartts reported the habit of open-
ing link targets in new windows or tabs to quickdurn to an important page by select-
ing the corresponding tab or window instead of lracking to it. Our data supports this
statement: the group of participants with the toipdt of new window events employed
the back button to a lesser extent (10.2%) tharbtiteom third (16.4%), indicating that
multiple windows are used as an alternative to tracking (t=2.509, p=0.026). In addi-
tion to multiple windows, modern browsers providabbed browsing’ — several pages
can be opened simultaneously in different browabs tof one window (Figure 1). Our
results suggest that browser tabs stimulate worlaity multiple Web sites simultane-
ously: six participants, who used tabs frequentigre backtracking less often (9.9%)
than the remaining nine Firefox users (18.3%) thg¢ned hardly any tabs (t=2.311,
p=0.038). Merits and drawbacks of the usage ofiplalbrowser windows and tabs are
discussed in more detail in section 4.3.

Another reason for a decreased backtracking ragitniiave been the emerging of
AJAX-enabled pages that allow for navigation witlairpage without the need — or the
option — to return to the last browser state bygigthe back button. Although the re-
quired browser technologies had been availablesdimernet Explorer 5 from 1999, our
analysis of the 300 most frequently visited siteshes study showed that this technique
still had no significant influence. However, we pope that the backtracking share will
further decrease with the rising use of AJAX fothin-page navigation.

® Frame pages were excluded for consistency reasees Weinreich et al., 2006). We used an
updated definition for the calculation of the raemce rate (see: Obendorf et al., 2007).
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4.2 Navigation Support for the Dynamic Web

The interaction with HTML forms stands in direclat®on to the use of interactive Web
applications, since every form submission has tprbeessed by the server and results in
a dynamically created Web page.

Overall, the most popular Web application of ourtipgpants was the Google search
engine; over 15% of all page requests were seoh&of the national or international
Google search sites, and 43% of all form submissietated to Google seafclrurther
important interactive sites were eBay, an onliretidinary, and several e-commerce sites,
for example online shops and travel agencies.

The increased share of form submission eventstitheoonly indicator for the promi-
nence of dynamic Web sitelsinks played a major role in interactive Web services; to
40.7% of all selected links leading to a page ftmms had parameters encoded in the
query component of the target's JRConsequently, 44.1% of all page requests used
GET or POST parameters, suggesting that the regiitieb page included dynamically
generated content. We expect that the averageofatlynamic Web pages was even
higher, as many popular content management systétmgrequently updated pages em-
bed parameters in path or filename of the URI ténbdexed by search engines. Further-
more, our logging system did not record ‘cookietajaeven though personalized Web
content often relies on the use of cookies — fetaince the product suggestions pages of
the Amazon online store.

To get a more precise picture of the dynamic natdiréae current Web, the logging
system took fingerprints of all requested Web padéss fingerprint was calculated as
hash code of the page contents, so even minor datuetterations were considered. For
short term revisits within one hour, the conten26f2% of all documents did charige
rate much lower than the number of page requestdvimg parameters (44.1%). How-
ever, for revisits after one day or later, 69.0%abfrevisited pages did experience a
change, a rate that stays nearly constant eveloiiger revisitation periods (Figure 2).
These results are considerably higher than thostudies based on random samples of
Web pages: Cho and Garcia-Molina (2000) reportechwarage change rate for Web
pages of 23% per day and 40% per week, and Fetedy. (2003) documented a share
of 35% of updated pages after one week. Howeverdaveot believe that the proportion
of dynamic Web pages had nearly doubled from 26081t study in 2004-2005; it seems
more reasonable that our participants accessedndgr@ages to a larger extent than
static pages. This assumption is supported by liagacter of the most popular sites of
our participants: Most of them provide online apations or frequently updated content.

Dynamic, interactive pages pose new challengdsetd®towsers’ history mechanisms.
Users often do not return to the page visited leefbut to a similar or even completely
different page. Furthermore, if the server forcgmge update with every visit, browsers
usually cannot restore their adbft state(Meschkat and Mittleman, 2007), i.e., return to
the last scrolling position or show recently fikedform values. Though it might be de-
sirable to get frequently updated information, asaright as well require some data
accessed before, which happens not to be avaitabjenore — for example a certain

7 Other global search services like Yahoo or MSNewrardly used at all (below 1% of all form
submissions).

& We did not consider link clicks that triggered @&eript programs, if these scripts did not lead to
a ‘navigation action’, i.e., the loading of a newelVpage, as such events do not create new
entries in the browser’s history stack. Accordinglypdating only parts of a page by AJAX
techniques was excluded as well as in-page interaaiith JavaScript applications.

® The browser cache was disabled during the studytfol documents by the intermediary system,
so all Web pages were reloaded on every revisit.
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Figure 2: Proportion of changed pages for differemtsitation periods

Google search restfitor a deleted article. A solution could be complatagy history
and backtracking functions that record page costastwell and allows re-accessing any
information displayed before.

Pages based on form data that was transmitted tlnBOST command cause even
more severe problems for short-term reviddacktrackingis impeded, as the data has to
be submitted again, and the user accordingly gets aften confusing — warning mes-
sage. Moreover, many interactive Web sites thatR@8T submissions regularly do not
support backtracking at all: some services try igalnle the back button by opening a
pop-up window without navigation toolbars for segees of interactive forms, or they
explicitly advise users not to use backtrackingidérs still try to backtrack, for example
by mouse gesture or by using keyboard shortcugy, riaceive an error message.

In the context of Web applications, navigation $obike the back button acquire a
new meaning: if a user presses it to correct ewots provide alternative input, it bears
more similarity to arundo button While undo functionality is a must in office appl
cations, and generally considered a key factorcéontrollability (comp. 1SO 9241/110,
2006), it is still rarely found in Web applications

The long-term history tools of current browsers even completey fvith many
online applications, as these tools do not stoyePADST data or save the login procedure
to access a desired document — an issue that edngrgeany interactive sites in our
study: excluding Google search, about 47% of almfeubmissions used the POST
method. Consequently, neither history nor bookmarkside the means to revisit these
documents and the user is not even notified alhmget problems; once the browser win-
dow is closed, the page is lost. If users wantaoessuch a volatile document for future
reference — for instance, a travel plan or an ood&firmation —, they have to print or
save the page. However, the document is then rmgetoaccessible through the browser
interface any more — one reason why our particphatdly used archival commands like
printing and saving.

12 Google result pages also tend to change frequektiyording to our data over 98% of the result
pages were updated after seven or more days. fgitseon the same day less than 12% of the
result pages did change, probably mainly causetelyadvertisements.
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First steps to solve this problem have been taklee: (rather outdated) Internet
Explorer 5 for Mac OS X featured the ‘Scrapbooki,iategrated interface for storing an
exact copy of the Web page as it appears in thedmowindow. An extension with the

same name is available for Firefox, which also wowith AJAX-enabled pages and
allows for annotating the stored documént®Vith the growing importance of service-
oriented sites, similar functionality might be réed by most Web users and should be a
basic functionality of contemporary browsers. Tig¥ans, flight reservations, invoices
and bank statements should be treated as docunoemtgxt-sensitive functionality for
storing, retrieving, opening and printing — likeriggular office applications — appear to
be essential in these situations.

In conclusion, common browser interfaces lack savieinctions for service-oriented
sites, although these sites play an increasingiyidant role in contemporary Web use.
We think that one major challenge for the next gatien of Web browsers is to recon-
cile the two different Web usage contexts — hypelim@avigation and interaction with
Web-based services.

4.3 Merits and Drawbacks of Multiple Browser Windows and Tabs

As mentioned before, several of our participantslenaegular use of multiple windows
and tabs when browsing the Web. The correlatiowéeh the frequent opening of new
windows and a low back button rate indicated thmgrng link targets in a new browser
area was a strategy to circumvent the need fortiaaiing.

To gain a deeper understanding of the individuaigsion strategies, we analyzed
the number of concurrently used browser windows tais. Our participants had on
average 2.1 windows or tabs opened when they amtessew padé suggesting that
the use of multiple windows is not an exceptiort, tme rule. However, the individual
average differed from 1.07 to 8.19 concurrentlyragedocuments, which shows that this
practice was not followed by all users. About ohiedt used mainly one window while
the remaining participants used windows and tabs thifferent extent. The number of
people in our study using multiple windows was kigthan the number of those using
tabs — only six of the fifteen Firefox users (40%gularly opened browser tabs.

During the interviews, our participants reportegtesal advantages of opening link
targets in a new browser area. First, it allowesitho keep the source page opened, in
order to explore more relevant hyperlinks — esplgciaithey were not certain that the
first selected link would yield a satisfying resulhis was commonly used on search re-
sult and overview pages. By keeping several pagesed in different windows, users
were able to ‘compare them side by side’. A furtfeason was the impression that they
would save time, as ‘pages could be loaded in #ekdround’ while they were free to
continue other navigation activities. Keeping shaesults and resulting navigation trails
in separate windows also reduced the risk of lottiegpath back to a decisive page.

The tab and window management strategies ranged tine incidental to the care-
fully planned; one participant explained that hedushew tabs for closely related tasks
and new windows for parallel tasks’.

This navigation strategy provides new challengethéooften criticized (Cockburn et
al., 2002; Greenberg and Cockburn, 1999; KaastdnGarenberg, 2001), yet frequently
used back button. Opening a link target in new wimsl or tabs disrupts the principal
function of the back button that should always wllfor returning to recently visited
pages. If users split their navigation trails imaltiple browser windows, the recent visit
history is separated into several stacks, with @rmaporal relation, and each individual

1 The Firefox Scrapbook extension can be foundtg:/famb.vis.ne.jp/mozilla/scrapbook/
12 Framesets were considered as one window.
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stack does not include any information from thegiodting window. Hence, users need
to remember what actions they performed in whichdeiv in order to regain certain
information. This places a further cognitive burdenthe user, in addition to the already
demanding task of keeping track of their locatiohie Web (Conklin, 1987).

A temporally ordered list of all recently visitechgies — such as provided by the
hardly used browser history — would do more justit¢he sequential character of the
parallel trails related to one task. Similar to {$eher and Greenberg, 1997) we found
that, on average, the list of 15 most recentlytetsipages covered about 88% of all re-
visits, whereas pages listed in the popup menheftrowser’'s back button covered in
mean only 52% of all revisits. However, such a terafly ordered list could be confus-
ing, if trails in different windows belonged toedependent taskbat need to remain sepa-
rated. We see an alternative solution inranching historythat shows trails in temporal
order, but separates activities carried out iredéht windows (Herder, 2006).

Browser Windows as News Feeds, Task Reminders, and Appliances

Since many of our participants used windows and tban alternative to backtracking,
we expected that users who commonly opened onlingleswindow would exhibit
longer navigation trails in this browser window, ilghopening link targets in new win-
dows would lead to many, but shorter trails. Howeweir data did not confirm such a
correlation (Figure 3). Instead, we identified dmesthabit that strongly influenced the
mean number of concurrently opened windows: nelaaly of our participants used to
keep one or several windows opened in the backgrartheir computer desktop for
extended periods.

In the interviews, our participants provided diéfet explanations for this habit. Sev-
eral users wanted to have immediate access tdarcpage thenonitoredfor frequently
updated informationsuch as a news site or a bulletin board (Keltaale 2007). Al-
though software like RSS readers could have regldue browser for this purpose, none
of our participants made regular use of the acogrthols.

Some users explained that occasionally these wisdmmed as reminders fonfin-
ished tasksallowing them to continue some work in progretsa kter point. The already
mentioned missing history functions for dynamic ga@bliged them to use such win-
dows agemporal bookmarks

A third reason for maintaining open browser windowshe background was the fre-
quent utilization ofWeb-based tools combination with some other desktop application
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In particular some German participants often aasas English-German online diction-
ary while working with their word processor. Suppior an easier access to many Web
applications has recently been complemented by i@pappliances, like Apple’'s

‘Dashboard’ or “Yahoo! Widgets’. A flexible and dit integration in common office

applications, for example of online dictionariesword processors, is, however, still not

commonly supported.

Orientation Support for Multiple Windows

Handling multiple windows in information systemssnalready reported to cause dis-
orientation in pre-Web studies (Halasz, 1988). @anticipants mentioned similar prob-
lems: several said that they found many open Wetuments hard to manage, in par-
ticular because the page titles displayed in taskalnd tabs were often not helpful. Fire-
fox extensions like ‘PageStyle2Taband ‘Tab Catalog* already address this problem
for tabs, by using page style and colors for thekar or showing a thumbnail overview
of all currently opened documents. Still, the comaltion of multiple windows and tabs
lacks decent support, and further research is red@® minimize such problems.

4.4 The Speed of Web Navigation

An evaluation of the speed of user interaction with Web promises to yield a better
understanding of the requirements for Web pagehaodser design. We used the time
our participants stayed on a Web page as an estifoathe time they took to read the
page and think about available options before diegidn their next action. Although the
time between page requests can be gained fromrskgs (Pitkow, 1998) and the
browser history (Cockburn and McKenzie, 2001), tia#a of our client-side logging
software was more precise. We recorded the timgdwmet the display of the first parts of
the HTML document and any subsequent navigatioiomdh the same window that
would lead to the request of another page. In apresece, delays — such as the time be-
fore the browser begins to load a page — couldifferenhtiated from the stay time. Navi-
gation actions that did not lead to a new requeshé same site were also considered,
like the selection of an external link, as welltegktracking (which is usually hidden in
server logs since the page is loaded from the edsvgache), and leaving a page by
closing it. The capturing software also distingeidibetween multiple windows and tabs,
so it could be identified, when a user opened sg\ges at once from a hub page, but
read them one after the other. However, we couldidentify if users actively used a
Web page, which implies that the attention timasgage were definitely shorter than the
stay times we recorded.

Our data confirms the rapid interaction behaviothwieavy tailed distributions al-
ready reported in previous studies (Catledge atid®j 1995; Cockburn and McKenzie,
2001; Cunha et al., 1995): participants stayed &y short period on most pages. 25%
of all documents were displayed for less than disds, and 52% of all visits were
shorter than 10 seconds (median: 9.4s). Howevenlynd0% of the page visits were
longer than two minutes. Figure 4 shows the distiim of stay times grouped in inter-
vals of one second. The peak value of the averagyetisnes is located between 2 and 3
seconds; these stay times contribute 8.6% of sillsvi

We first assumed that most of these short staystirepresentetkvisits for example,
visits to pages that had been seen recently, bmthiee used frequently and therefore well
known. To analyze how much time users take to read Web documents, all revisited

13 ‘pageStyle2Tab’ for Firefox can be found at: htflesldons.mozilla.org/firefox/addon/1523
14 The ‘Tab Catalog’ extension can be found at: hitasdons.mozilla.org/firefox/addon/1937
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pages were excluded from the statistics and ondy fime page visits were considered.
The effect on the distribution of stay times was a® strong as expected (Figure 4, blue
bars): more than 17% of all new pages were stiitedl for less than 4 seconds, nearly
50% were shown for less than 12 seconds and 11.68é displayed for more than 2
minutes (median: 12.4s). However, a fifth of the624 were visits of over 30 minutes to
up to 5 days — most of these events are most likedated by unattended browser
windows that were left open in the background efdlesktop.

Although Google search result pages usually shoy tem items, the stay time dis-
tribution of these pages was similar to the avedigtibution. Again, most frequently,
stay times were within 2 and 3 seconds (10%), dny Istay times were more uncommon
than on other pages: the median stay time was(89spposed to 12.4s), and more than
two-thirds of all pages were displayed for lessithad seconds.

The tendency for very short page visits on the Wit have two reasons: either it
expresses a cursory and scanning usage behavidrmight characterize that many of
the visited pages offer only little information afedv navigational options. To verify this,
the average number of words and links of the docitsneas calculated and compared
with the stay times.

These results are based on nearly 60,000 first-pégies. The average number of
words per page (measured using only displayed nextconsidering any markup code or
any embedded objects or graphics) was 551 waerd81(1)°. The page stay times were
dependent on the page size, but less than expexgds visited for less than 12 seconds
(which contribute about 50% of all requests) hache@rage number of 430 words. This
is significantly lower than the mean size of docuisewith a longer retention time
(t=36.197, p=0.000), but it is apparent that ncspercan read a full page of this length
that quickly. Figure 5 (upper graph) illustrateg t#verage number of words per page
grouped in intervals of 2s stay time. A similarfeiitnce was found for the number of
navigational options per page (Figure 5, lower bja@n average, all visited pages had
53 hyperlink$® (c=58). For pages with a stay time of less than fi#saverage number

5 Qutliers were removed (using a Bmit), as very few Web pages were atypically largl biased
the sample. Average with outliers: 648 words2342).

16 Again, outliers were removed. All visited pages laa average of 61 hyperlinks=122).
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of links was 46, and thus significantly lower tifanthe remaining documents (t=30.659,
p=0.000).

In consequence, our participants often did not thleetime to completely read the
page, but they regularly just seemed to glimpse owest of the information offered, be-
fore they perform their next navigation action. Bw@cscanning behavior of Web users
was already reported by (Morkes and Nielsen, 123d) (Spool et al., 1998) who ob-
served it at several controlled Web usability stsdiAlthough we also found differences
between the habits of different uséithe data of this long-term study supports these re
sults, indicating that the ‘scannability’ of infoation and hyperlinks as well as their
intelligibility seem to be essential for the usapibf Web pages (see also next section).
We expect an increase of the average page stag tiite the emergent use of AJAX-
enriched Web applications — as they allow systderaction without leaving a Web page
—, however, such techniques will hardly decreaseowerall interaction speed with the
browser. AJAX can even facilitate the fast intei@cthabits of many Web users by re-
ducing system response times.

4.5 Within-Page Navigation

If a Web page is too long to be displayed on omeest the user has tmvigateon the
page byscrollingit. Scrolling is often considered a usability ckallje, as it can result in
disorientation: the reader may lose track of thetext as the main headers, the site iden-
tifier and the main navigation elements move ofesa. Furthermore, scrolling increases
the cognitive burden. While long pages requirertreder to remember information that
scrolled out of the window, short pages allow corimgaall available options at one
glance. Therefore, guidelines recommend espedatlgntry and navigation pageshat
the whole document should fit on one screen andvsilboptions immediately (Lynch
and Horton, 2002; Nielsen, 1997).

17 While all participants exhibited a long-tailed tdisution for their stay times with a maximum
below 5s, five participants stayed significantinder on many pages and had a median stay time
of over 12s (up to 26s).
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On the other hand, farontent pagesonger documents bear advantages, since they
can be read and printed without the need to flipegaBaker, 2003). Still, it is generally
advised to avoid wide pages that require horizastedlling for any kind of Web docu-

ment, since users may need to move their viewpottvo dimensions, wide text lines
have a decreased readability, and the printoutidé wages may be cropped (Lynch and
Horton, 2002).

The short stay times measured for Web pages istody seem to support the guide-
lines calling for short, non-scrolling pages; ttaso pose the question whether users take
the time to scroll at allAs problems with scrolling are particularly congiel@ critical for
navigation pages, our analysis focused on pagdsabie used to navigate to another
page. We examined all clicks on hyperlinks as tbemprise the most important navi-
gation action on the Web.

A comparison of the link click positions and theWser viewport size showed that
most links (76.5%) were selected within the regigsible on load time (Table II). Al-
though our participants hardly scrolled horizomtath select a link (altogether 0.4%),
over 23% of link clicks were below the initiallysible region. Even for pages with stay
times below 12 seconds, over 20% of the selectdd liequired scrolling. Considering
the short median stay time on Web pages, the numb&llowed links that appeared
‘below the fold’ is higher than we expected.

Table Il: Location of Selected Links

Visible Area Right of Visible Area
Visible Area 76.5% 0.3%
Below Visible Area 23.1% 0.1%

Part of the explanation for this finding is tha¢ thosition of selected links is not only
influenced by the scrolling habits of users, bgbaby the location of the available links.
To get an overview of the navigation activity irettlifferent screen regions, we created
maps of link clicks by grouping the page spaceectars of 40 by 40 pixels, counting
clicks within these sectors. The number of clickswategorized to identify areas of high
navigation activity.

We analyzed Google result pages separately fromadindther pages, as Google
search was by far the most common activity of cantipipants (Google’s search result
pages made up for 21% of the 27,000 recorded licks), users selected links outside
the initially visible area with 38% significantlyore often than on average (23%), and
these pages have a layout that is clearly diffefremh most other Web sites, that provide
many graphical elements and navigation areas viitictsiral links (Haas and Grams,
1998).

The resulting click map of all non-Google pageshswn in (Figure 6, left diagram).
The displayed area of 10%A.600 pixels covers 92% of the recorded link clicke re-
maining clicks were done mostly below this areae Thost actively selected region is
located in the upper left corner of the map: ald&db of all user clicks occurred in a part
of the browser window that is slightly larger thidwe upper left quadrant of the initially
visible page area (520x400 pixels). Furthermore Mértical navigation bars that provide
the main structural hyperlinks on many sites becwursible as well as several horizontal
‘hot spots’ in the upper part of the page.

The second click map created only from Google $eagsult pages is displayed in
(Figure 6, right diagram). Nearly all recorded lidlicks (98%) are within the displayed
map. It shows a quite different distribution whes® active areas stick out: the upper left
region stands for the first search results thaeveetected with an outstanding frequency,
the following results drop rapidly in popularityh& second active area in the lower part
of the documents — at about 600000 pixel and below — is mainly caused by the tnex
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Figure 6: Link activity areas of Web users on ‘nafnfleft) and on Google search result pages (Jight

page’ link. The placement of this link required adling for all our participants; even
without taking transfer time into account, it seequite inefficient to require users to
both scroll and flip through pages (see also: Bereaal., 2002).

The results also demonstrate the crucial importafigehigh page rank in Google for
user attention. Results below the first half of gage — usually outside the immediately
visible area — got even less clicks than the ‘mpage’ button. Although this might also be
an indication for the high quality of Google ranfkimechanisms for many queries, the
high share of page flips shows how often useradidfind the desired document among
the first results.

The click maps show an apparent similarity to ‘heaips’ gained from eye-tracking
studies, depicting the regions of user attentiothenscreen, as reported by Outing and
Ruel (2004), Nielsen (2006), and Shrestha and (20@7). This likeness indicates a cor-
relation between user attention and the selectdd H- not completely surprising if the
short stay times of users are considered. Althaihigh does not necessarily mean that
these areas are generally suited best to placs, lpkges with a matching layout will
meet the expectations of many users and increaseotisistency of the Web.

It should be mentioned that these click maps depenthe user population. For in-
stance, all of our participants were using therLatphabet, reading from left to right and
top to bottom. Arabic or Hebrew Web pages — writterm right to left — would most
likely result in vertically mirrored diagrams.

4.6 The Actual Browser Real Estate

Web page optimization for the users’ rapid navigatbehavior includes incorporating
scannability and providing all relevant informatiaiha single glimpse. However, creating
Web pages that do not require scrolling dependrmwiedge of the available screen real
estate. Although Web content should in principleabeessible for everyone regardless of
different abilities and available hardware (Chishokt al., 1999), for an aesthetic
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appearance device-specific designs are often aideit In practice, style sheets and
graphical elements (e.g. bitmap graphics) are basedssumptions on the available
screen resolution and browser space. Thus, manyadlors try to optimize layout and
design for a specific resolution.

Over the last years, the average screen resolotiparsonal computers has increased
(TheCounter, 2007). Until 2004, many experts recemted basing Web design on a
resolution of 80X 600 pixels, whereas recently the migration of tgolt for a reso-
lution of 1024x 768 pixels is being recommended more oftewe wanted to find out
whether the full resolution is really available fdfeb pages, or whether the browser’s
viewport is limited for technical or personal reasoDue to browser internals, we could
only record the browser viewport size for 20 papnts. The size was recorded in more
than 12,000 instances, usually after selectingla Frame pages were excluded, as their
sub-pages would bias the statistics. All our pgrdints used a screen resolution of at
least 102K 768 pixels, twelve had an even higher resolutiow, taree made use of two
displays.

We could identify two groups: while eleven partmits had the browser in full
screen mode most of the time, nine participantéemed a smaller window size for at
least half of the recorded time. However, the uséi@ maximized browser window also
rarely had the full desktop resolution availablfice toolbars, instant messaging clients,
browser toolbar extensions as well as browser @aldsthe side bar (Figure 1) took some
of the vertical and horizontal space for most efnth Furthermore, some participants pre-
ferred to maximize the browser manually, leavingoader of several pixels around the
window unused.

Our nine users with smaller browser windows (twatefm with a screen width of
1024 pixels) left on the average about 160 pixélsavizontal and 170 pixels of vertical
space unused — scrollbars, pull-down menus, tog|lzard the windows task bar already
considered. For users with a screen resolution ¥4 1pixels, the average available
document width was only about 890 pixels. They gmrefd the windowed mode for sev-
eral reasons: it permitted them to select othedwivs directly on the screen making the
organization of several applications more comfdgaburthermore, a narrower window
would improve the readability of many documentsthasline length is shorter.

Consequently, accessible sites should considemptwmple have different preferences
using their desktop system and resizing their wivgldf sites do not want to displease
their visitors by forcing them to maximize theirolrser window or scroll horizontally,
designers should not count on having exclusivetsigh the screen real estate: flexible
layouts leaving at least 15% of the screen widtiaiokble should instead be applied.

4.7 The Impact of User Habits and Visited Sites

The previous sections already addressed severadidodl differences of our partici-
pants. Although the comparison of the average sharaavigation actions with previous
studies did expose severe changes in Web use, netevamphasize the risk of drawing
too extensive interpretations solely from averagmimers, and the necessity to consider
individual differences as well. The variety in pmral navigation habits between our par-
ticipants suggests that one has to be carefuldakspfthe average user of the Web

18 Experts who support ‘wide screen designs’ area{@iy, 2004; Peterson, 2005) and for intranets
(Nielsen, 2005).

20



Table Ill: Some Individual Differences of This WBbowsing Study

Average Std. Dev. Min Max
No. of visits 5491 6565 912 30756
Visits per day 89.8 63.4 24.9 283.6
Google share 16.6% 8.6% 3.9% 39.3%
Recurrence rate 45.6% 10.3% 18.6% 64.8%
Number of open Windows 2.10 1.48 1.07 8.19
Actions per window 6.7 2.6 3.2 13.5
Link 39.5% 8.6% 18.8% 56.8%
Back 13.7% 6.6% 3.3% 29.2%
Submit 15.2% 6.3% 7.0% 29.8%
New window 13.6% 7.3% 3.8% 30.8%
Direct access 9.9% 4.9% 3.8% 19.4%
Reload 1.4% 1.5% 0.0% 5.9%
Forward 0.5% 0.4% 0.0% 1.7%
Other 3.3% 3.1% 0.2% 10.7%

To start with, the intensity of Web use differetbagly between our participants (see
Table 1Il): the mean number of pages visited peéivaaay”® ranged from 25 to 284 — a
span of more than one magnitude. Furthermore, ibeg the Web for different purposes,
worked on various tasks, and consequently visitadyrdifferent sites. This already be-
came apparent in the variation of Google search aifgough Google was one of four
most frequently visited sites for each user, tra@aslof visits to Google search pages var-
ied between 4% and 39% (Table Ill). Similarly, sonsers had a couple of sites that they
visited extremely often — visits to the top foutesi covered up to 79% of all page re-
quests for some users — whereas others did notdrgvsite that accounted for more than
10% of her visits. Various individual motives foxtensive use of certain sites could be
identified: we observed regular work-related tagk®ject sites, B2B systems), personal
interests (news, bulletin boards, auctions), arsh @ome temporal objectives (travel
planning, Christmas shopping).

Another often quoted value of Web use that varteashgly between participants was
the recurrence rate. Our average rate of 45.6%ngposed of individual rates ranging
from 19% to 65% (Table 1ll). Consequently, an estilon of a common recurrence rate
can be misleading as the user requirements reggrdiisitation support might differ.
Furthermore, even the highest personal recurreatee af our participants (65%) was
about 16% lower than the average rate reportecCbgkburn and McKenzie, 2001) five
years earlier (81%). This can be partly explaingd the fact that Cockburn and
McKenzie truncated some URIs as they did not cansiiTTP query parameters for
search result pages (McKenzie and Cockburn, 200508). We advocate a definition
that considers both GET and POST parameters, gdttermine the page contents like
any other part of the URI(see also Obendorf, 2007, p. 601). These diffeir¢atpreta-
tions show how carefully such values have to béyaad.

The differences in activities and individual hakdt® also reflected in the personal
shares of navigation actions (Table I, lower pafthile links were on average the most
frequently used navigation element, they made gp than 19% of the actions for one
participant; by contrast, her form submissions amedi more than twice the average
(26%). From the interviews we know that her jobuiegd her to search spare parts in

19 For our calculations we considered only ‘activesia- days in which at least one event was
logged — as some participants accessed the Welpordgrtain days of the week and others went
on trips during the study.

20 Apart from the ‘fragment identifier’ that only né$s in page scrolling.

21



30%
—— Google
25% -+

<— Dictionary
20% -

15% ~ —A— Institutional

Site

10% -+ . .
—O— Project Site

5%
—x— News Site

0% -

1 2 3 4 5 6 7 8 9 10 Rank

Figure 7: Distribution of page revisits for diffetecategories of Web sites

different online catalogues and to order produatsdaveral B2B shops. As none of the
shop systems supported backtracking well, her batton use was even below 4%.

We also found major differences in how users engdalirect accessctions for re-
turning to frequently visited pages. The detailé@fbx log as well as the interviews re-
vealed diverse stable personal habits: some maisgd the bookmark menu, others
solely preferred the bookmark toolbar, and a fed thee habit of typing the URI of their
favorite pages into the address bar, using its-aatopletion function when available.
These differences show the importance of customizafor the interaction with the
browser. On the other hand they also suggest tha¢ f the current revisitation tools
does fulfill all needs (Abrams et al., 1998; Joatal., 2001).

In order to explain differences in user behavievs, tried to identify different user
groups in our population. However, we didt find any supportable effects of profession,
gender or nationality. Individual differences were mainly caused by ussks — which
also differed significantly between members of shene department or firm — personal
habits, private interests and, accordingly, thessitisited.

In fact, the character of the visited sites is @dathat had strong influence on user
behavior and page revisitation. As a general rifilsites were visited more frequently,
more pages were visited within the site as weld(®83, p<0.01). However, we observed
a distinction between sites in which only a smalinber of pages are visited frequently
and sites in which users continue to visit new page

Figure 7 illustrates this effect: search engines dictionaries provide a single portal
page as access point; from this page a queryusdssvhich leads to various result pages.
Hence, by their very nature, these sites have ondy ‘popular’ page and a long tail of
pages that are visited only a few times. By comtriastitutional and project Web sites
often have a portal page which is visited quitemftout also a range of other pages that
are revisited regularly; these pages may offerrmédion on a certain topic or depart-
ment, or may provide applications which are usedaaregular basis. Finally, several
news sites provided a few frequently visited pagiesy relate to overview pages of cer-
tain news categories the user was interested in.

21 One reason might be the limited sample size ofstunly, as we could observe some tendencies.
For instance, none of the Dutch participants madgilar use of online dictionaries and daily
Web users tended to open more browser windowsrilpbthan infrequent users. However, the
effects of personal preferences and visited sitéwaighed demographical influences.
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From the above it can be concluded that reasonitg on the average values of
quantitative Web usage studies is often not adigésab it may lead to an overly simpli-
fied model of user interaction with the Web; ratltban designing for the average,
browser and Web site designers should take therdiit requirements into account and
provideadaptable systenendalternative interaction possibilities.

Furthermore, we believe it is often worthwhiledmnsider the influence of use con-
texts even more than we were able to do in thidystRequirements caused by user tasks
and the materials employed in conjunction with \teb client otherwise often stay bur-
ied. One source could be the logging of other effipplications as well, like word proc-
essors and e-mail clients. Within the context @$ #xtensive long-term study on Web
usage, we were not able to analyze many conteasgmdcts of Web use. Although the
interviews at the beginning and at the end of thelysrevealed many substantial user
problems, they could hardly deliver all detailsutwlerstand all aspects of user actions.

5. CONCLUSIONS

This paper presents results of a naturalistic l@emgy field study that captured the Web
browsing behavior of 25 participants with diversekgrounds and tasks. In addition to
confirmations of some results from former studies, found evidence for a change of
interaction with the Web. A strong increase in fineportion of submit events indicates
the rising number of dynamic Web pages and ‘Weliegapons’; the high number of
new window events suggests that interaction with\Web client has changed for many
users from single-window hypertext navigation toew mode where several paths are
followed in parallel and Web browsers are kept oipetne background to observe pages
or are dedicated to special online services.

Since navigation support of current browsers hasgéd little from the early days of
the Web, new problems surface: backtracking aniyisvere not designed for dynamic
pages and online applications withlatile contents. The user is often unable to retrieve
the contents of a previously viewed page if thalgpawas dynamically generated or re-
quired a certain workflow. The concept of the bhakton fails for users of multiple win-
dows or tabs, as every single viewing area creigdeswn history stack. Furthermore,
with dynamic pages from http post data and AJAXliappons we face problems similar
to frame pages in the mid-nineties, when the baditob did not return to a useful
browser state but reloaded the page contents ofasitevisited URL. In consequence,
users are now faced with new cognitive demands vimenbrowse the Web.

Our results confirm that browsing is a rapidly natetive activity. Even new pages
with plentiful information and many links are regtdy viewed only for a brief period —
an interesting background for Web designers, whddctocus on offering concise pages
that load fast. The analysis of link click positioshows that users scroll regularly — even
on navigation pages. Still, about 45% of selecikekislreside in the upper left quarter of
the browser window. Placing the most important dimk this area will increase consis-
tency with this de facto standard. Interface stestsldor the Web that consider such
findings would help to make navigation on unfamilsites easier and quicker (see also
Hoffman, 1997; Nielsen, 2004).

Web designers need to consider the limitationsrotvser real estate even for users
with a high screen resolution. Our data shows dmaincrease in screen resolution does
not necessarily mean that users employ the whokescfor Web browsing for various
reasons — working with several programs in paraflee-click access to toolbars, and
instant messengers, among others. These resubisfygV to those who advocate Web
designs that allow for flexible and stretchableeser designs (Nielsen, 2006b).

Finally, the many personal differences and useithabdicate the need for future
browsers to become even more adaptable. An extegsiocept as offered by the open-
source browser Firefox does already provide a ligbree of flexibility, and several
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available extensions address some of the listedlgmes. However, for most of our par-
ticipants, the task to select and install suchresitsns was too demanding — only 3 of
our 15 Firefox users had installed extensions eyndelves. As long as new solutions
are not part of the browser distribution, theirfubeess is limited as they stay difficult to
choose and employ for many people. It seems thaivarall concepfor browser de-
velopment is missing, especially for the interactwith Web applications and dynamic,
transient pages. Browsers need to become morélgeaind should be able to adapt to
the type of Web site, the habits of the users hait tasks. Further research has to target
these challenges so that browsers can catch uphathrowing demands of the dynamic
Web.
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