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We have implemented a browser companion caled e e — N
PadPrints that dynamicdly builds a graphicd history-map
of visited web pages. PadPrints relies on Pad++, a
zooming user interface (ZUl) development substrate, to
display the history-map using minima screen space
PadPrints functions in conjunction with a traditional web
browser but without requiring any browser modifications.
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We performed two usability studies of PadPrints. The first
addressed general navigation effediveness The sewond
focused on history-related aspeds of navigation. In tasks
requiring returns to prior pages, users of PadPrints
completed tasks in 61.2% of the time required by users of
the same browser without PadPrints. We dso observed
significant deaeasesin the number of pages acessd when
using PadPrints. Users found browsing with PadPrints more
satisfying than using Netscgoe done.
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Figure 1: The PadPrints Browser Companion
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INTRODUCTION Ut
Navigating hypertext structures like the World Wide Web ]
(WWW) is difficult for users. After following a number of Tocg
links, people can have difficulty remembering where they P
have been and returning to previously visited pages. National Park Sery
According to a WWW usability study, 13.4% of subjeds
report not being able to find pages recently visited [9]. ﬂ
The same usability study found that while only 0.1% of Maryland

page acce®s were through the history list, 42% of page
accs®s used the Badk-Button. So, while pages are E'qu
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Figure 2. The PadPrints display, showing close-up of
conference

nodes in the graphical history hierarchy.
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revisited with a high frequency, the history list is largely
unused. This suggests a problem with the history
medhanisms found in current browsers. Threeshortcomings
of the common history mechanism immediately suggest
themselves. First, the history list is incomplete-arge parts
of the history disappea when users follow a branch point.
Seoond, the history list is textual and page titles may lack
the aues needed to find a particular page. Third, the history
list is cumbersome to use. A user must pull down a menu
before finding and foll owing the desired entry.

Better history medanisms could benefit milli ons of WWW
users. There ae avariety of human-factors issues to be
considered [11]. Some issues are aldressed by proposed
aternatives and extensions to browsers. WebMap is a
browser extension that shows a graphicd relationship
between web pages [6]. Eadh page is represented by a small
circle that can be seleded to display the adual page. Links
between pages are mlored to indicae information such as
whether it is a link to a different server or whether the
destination page has already been read. Webmap graphs
may be saved and used by others. WebBook is a three
dimensional Web browser that all ows multiple pages to be
viewed simultaneously and suppats colleding pages in
bodks to replacebookmark files [4]. MosaicG is a modified
version of the Mosaic browser that incorporates a graphicd
history mechanism [1]. In contrast to cther systems that
build maps for individual websites, MosaicG displays
pages as users acces them, resulting in personal maps of
web usage.

WWW pages often have links to pages linking badck to a
starting point. It is difficult to visualize these cycles, so
many web visualizations are based on hierarchies extraded
from graphs of web structure. Some interesting work
focuses on dternative visualizations of such structures.
Furnas [8], for example, demonstrates how multi-trees can
be used to represent a wlledion of hierarchies sharing parts
of underlying structure. One gplicdion of multi-trees is
visuali zation of bookmarks from multi ple individuals [17].

In addition to problems associated with extrading
hierarchies from general graph structures, layout and
graphicd display of large numbers of nodes is inherently
difficult due to limited screen space As we discuss below,
zooming multiscde user interfaces [2][3][15][18] provide
one viable gproadc to this problem.

A ZOOMING GRAPHICAL HISTORY

We have built a browser companion, cadled PadPrints, to
aid web navigation. Figure 1 shows the PadPrints history-
map to the left of a browser window. Figure 2 shows a
detail of the history-map and some of the PadPrints
controls. PadPrints is smilar to the MosaicG graphicd
history (MGGH) [1] in depicting a left-to-right hierarchicd
history of web pages visited during a browsing session.
Also in bath systems a node in the hierarchy displays the

title of the web page and a small picture associated with the
page. Finally, bath systems construct the hierarchy as users
traverse links from one page to another, as oppcsed to
prebuilding a hierarchy for a single website & WebMap
and ather systems do[6].

As with MGGH, the PadPrints browser companion
monitors and controls the web browser. When users access
pages from the web browser those pages are alded to the
PadPrints display. Pages are alded as children of the
current node in the hierarchy, unless that page is arealy
present in the hierarchy. A single dick on a page in the
PadPrints display sends the browser to the @rresponding
URL.

Three taraderistics distinguish PadPrints from MGGH.
First, PadPrints was implemented in Pad++, a substrate for
building zooming wser interfaces [2][3]. Pad++ allows
users to zoom in and out to explicitly control how much
context is viewed at any time. The multiscde nature of
Pad++ allows geometric objeds, text, and images to be
displayed at arbitrary size on the screen. This permits the
user to view the graphicd history in its entirety or zoom in
to focus on a particular part of the hierarchy. We wnjedure
that multiscde aontextual display of the graphical history
can provide important suppart for navigation. In addition,
multiscale fadlities of Pad++ alow natura ways to
temporarily remove sub-hierarchies from view by shrinking
them until they occupy minimal screen area PadPrints was
written as a Pad++ application wsing the Tcl scripting
language [14].

The second diff erence between PadPrints and MGGH isthe
use of a proxy server to monitor browser behavior. Our
proxy server notifies PadPrints when the browser (Netscgpe
Navigator) retrieves a page. PadPrints then adds a new page
to the graphicd hierarchy or, if the URL is arealy present
in the hierarchy, marks the eisting page with a yellow
outline to denote it as the current page. To achieve similar
functionality in MGGH, Ayers and Stasko had to modify
the Mosaic browser code to monitor page accsses. This
has two drawbacks. Their graphicd history is limited to use
with one browser and their code danges must be
reintegrated as the browser changes to suppat new HTML
feaures. PadPrints was designed to work with any browser
that suppats a proxy server and should not require
modificaion as browsers change to suppat new HTML
additions.

Both systems display a small thumbnail sketch of a web
page on eadt node in the hierarchy. The source of this
small image represents the third dfference between the two
systems. Because they had dred access to the
implementation of the Mosaic browser, Ayer and Stasko
were ale to re-render the web page into a hidden bitmap,
subsample the resulting image, and display it in their
graphicd history. PadPrints, without dired accessto the



renderer, instead uses the X server to grab that portion of
the screen associated with the browser. The resulting image
data is sibsampled and displayed with the node. We note
that the multiscde nature of Pad++ supparts displaying the
full resolution view of a web page with ead node, limited
only by avail able memory.

USABILITY TESTING

We performed two usability studies to test the dfediveness
of PadPrints. We hypathesized that a graphicd hierarchicd
history mechanism would improve users web browsing
efficiency in terms of speed and number of pages accessed
as compared to having only traditional history mechanisms
as avalable in Netscgoe Navigator 3.0. We dso
hypothesized that users of PadPrints would find browsing
more satisfying than using Netscgpe Navigator 3.0 alone.

Equipment

Experiments were performed personal computers, running
Linux. All systems had 221-inch monitors. Questions and
tasks were presented to the subjeds by a program that
recorded statistics such as the time subjeds gent on each
guestion, pages accessed, and questions answered corredly.

Stimuli

Two dfferent sets of web pages were used in the testing.
The first set was based on the database from the “browse
off” at CHI'97 [13]. This is a hierarchicd database of
people, places, things, events, and fads. Each page mntains
aword or alist of words, possbly with links to other pages
lower in the hierarchy. There ae no images or graphics.
This database was chosen becaise it provides a means to
test smple navigation. Throughou the rest of the paper this
database is referred to as the CHI Database.

Another web page mlledion was taken from the National
Park Service (NPS) website. This webste @ntains
photographs and information about national parks in the
United States. In contrast to the CHI database, the NPS
database is a large red-life website containing images and
has a mmplex structure that is not entirely hierarchicd. A
copy of the website was downloaded to a locd server to
avoid network problems during the experiments and to help
minimize variabili ty in accesstimes.

EXPERIMENT 1

Method

Subjeds were asked to find pages, answer questions about
individual pages, and make @mparisons between pages.
Generally, al questions except the first required some
badtraking. Example questions used with the CHI
database include: Go to the page that contains the
Kangaoo. How many moons does the planet Uranus
have? Are there more whales or more apes listed in this
database? Some example questions used with the National
Parks website ae: How many Nationd Parks are in

California? Find apicture of the General Sherman Treein
Sequda Nationd Park in California. Which has more
idands, Chanrel Isands Nationd Park or Apostle Islands
Nationd Lakeshore? Subjeds completed 14 questions
using the CHI database and 12 questions using the National
Parks website.

A 2x2x2 incomplete-block design was used. With this
design we were ale to colled more information from ead
subjed than if we had used a between-subjeds design and
reduce some of the between-subjed variability. The
independent variables were, whether PadPrints was used,
which website (CHI database or National Parks Site), and
task order. Each subjed was randomly assigned to one of
four experimental groups. All subjeds browsed bah
websites and dd one set of questions with PadPrints and
one set of questions without PadPrints. As a result of the
incomplete-block design employed in the experiment, the
PadPrints-by-Website interadion was confounded with the
Subjed-by-Block effed.

Three dependent variables of interest were average time to
completion of each question, average number of pages
accesxd for ead question, and user satisfadion ratings.
User satisfadion was measured using seleded questions
from the Questionnaire for User Interadion Satisfadion
(QUIS) developed at the University of Maryland [10], as
well as sme browsing spedfic questions written in the
same format. The QUIS usesa9 pant rating scae.

Only questions a subjed completed corredly were included
in the time averages. Furthermore, the first question in each
task was treded as a pradice trial and not included.
Questions that over 25% of subjeds could not answer
corredly were dso not included. Two questions from the
National Park’s task were thrown out for this reason and
one question from the CHI database task was thrown out.

Training

Prior to beginning the experiment subjeds were trained in
use of the Netscgpe browser and PadPrints. In the first
experiment this training was done using the University of
New Mexico website. Training for Netscgpe Navigator,
consisted of having the subjeds use the forward and bad
keys, the bookmark list, and the go list. Subjeds were told
they could make their own bookmarks if they felt it would
help them with the task.

PadPrints training included telling subjeds a little aout
PadPrints and how it could be used for navigation. It was
explained that PadPrints was a visua history mechanism.
Subjeds were then instructed to visit a series of page on the
UNM website and return to those pages using PadPrints.
Subjeds also pradiced zooming and panning within the
Pad++ environment.



Subjects

Thirty-seven subjeds participated in Experiment 1. One
subjed’s data was not used because of failure to complete
over 70% of the questions corredly. Subjeds ranged in age
from 18 to 50 yeas old. Mean age was 26. All but two
subjeds were students at the University of New Mexico.
83% of subjeds had previously used Netscgoe Navigator to
browse the Web. 14% of subjeds reported never browsing
the World Wide Web. 50% of subjeds reported browsing
the web an average of two hours a week or less All but two
subjeds used computers more than two hours a week. 56%
of subjeds used computers over 10 hours a week. Of the
student subjeds, 24% were cmputer science majors, 21%
majored in other sciences or mathematics, 27% majored in
hedth-related aress, 12% maored in educaion or
educaional technology, 9% majored in the ats, and 3%
majored in business 44% of subjeds were female. All
subjeds were paid for their participation.

Results

In Experiment 1 we observed a datisticdly significant
improvement in average number of pages accessed (i.e.,
fewer pages were accesed) when uwsing PadPrints,
incressed user satisfadion ratings with PadPrints, but no
differencein average time to complete ea&h question

The subjed effeds were mnfounded with the Website-by-
PadPrints-used interadion. Thus main effects only
ANOVA models were fit, with effeds estimated for
Subjeds, Website, Task-Order and PadPrints, for ead
dependent variable. The nine dependent variables were:
average time on task, average number of pages accessed,
total QUIS score, and 6 scores for the individual parts of
the QUIS. Since 9 ANOV As were run Bonferroni adjusted
criticd values were used. For an effed to be mnsidered
significant p had to be lessthan 0.006, but p > 0.09 for all
tests 9 there were no significant effects due to task-order
for any of the dependent variables.

Although we found using PadPrints resulted in significantly
fewer page acceses (Fy3 = 1878, p=.0002), this did not
lead to faster task completion (with Fy33 = .93, p=.343).
Mean pages acessd are displayed in Figure 3.

User satisfadion was measured using questions from the
Questionnaire for User Interface Satisfadion (QUIS).
Subjeds indicated increased satisfadion when using
PadPrints asisillustrated in Table 1.

Average Satisfaction

QUIS Without | With

Section PadPrints | PadPrints | Fi33 p <
Overall 5.748 7506 2949 | 00001
Screen 6.778 7181 280 | 01038
Feedbadk 6.148 7037 1476 | 0.0005
Leanability 6.081 7608 3214 | 00001
Sped 7.602 8120 350 | 00701
Browsing 6.053 7681 2997 | 00001
Total 6.402 7522 2958 | 0.0001

14

O without

PadPrints
B With PadPrints

i
N

=
o

®

[}

Mean Pages Accessed
N

N

CHI Database National Parks Site Averaged Across Site

Figure 3. Mean Number of Pages Accesed for Each
Question in Experiment 1.

Table 1. User Satisfadion Ratings for Experiment 1

Using Bonferroni adjusted criticd values, a significant
effect was found for Overall User Satisfadion, Satisfadion
with Fealbadk, Satisfadion with Leanablity, and
Satisfadion with Browsing. The total User Satisfaction
Score was also significantly higher when PadPrints was
used.

EXPERIMENT 2

In Experiment 1 subjeds using PadPrints expressed greaer
satisfadion and accessed fewer pages. However, we did
not observe aty savings in task completion times. We
conjedured that although PadPrints did not save users time
in finding information on pages not aready visited that
PadPrints would save time in returning to pages previously
visited. In Experiment 2 we spedficaly tested this
conjedure.

Method

In Experiment 2 subjeds were instructed to visit a set of
pages and to answer questions about certain pages. The
CHI database and the National Parks Site were again used.
For the National Parks website, subjeds performed a pre-
task with 16 questions. For the CHI database subjeds were
asked 23 questions. After the pre-tasks 10 questions were
asked that required subjeds to return to arealy visited
pages. Half of these questions could be answered with
information from one page, the other haf required
information from multi ple pages. Subjeds were instructed
to try again if they answered a question incorredly or failed
to visit the mrred page. After threetriesif a subjed could
not complete the question they were dl owed to move on.




For ead subjed, time to answer eat question and nunber
of pages accessed were recorded. Only questions subjeds
answered corredly within three dtempts were included in
computing averages. Only 1.4% of questions were not
corredly answered within three dtempts.

Training

The training in Experiment 2 was very similar to the
training for Experiment 1. Prior to beginning the National
Parks task, subjeds were trained on the Olympic National
Park website. Prior to beginning the CHI database task,
subjeds were trained using a portion of the CHI database.
In eadt case, training involved pations of the databases not
used inthe experimental tasks.

Subjects

Thirty-six subjeds participated in Experiment 2. Subjeds
ranged in age from 19to 60yeasold. The average aye was
33. All but four subjeds were students at the University of
New Mexico. Five subjeds had participated in Experiment
1. 92% of subjeds had previous Netscgpe Navigator
experience. 33% of subjeds reported browsing the Web
less than two hours a week. All subjeds had some web
browsing experience and reported using computers more
than two hours aweek. 72% of subjeds used the computer
more than 10 hours a week. Of the student subjeds, 31%
were @mputer science majors, 22% were eucdion
majors, 19% were social science maors, 16% were
majoring in mathematics or engineeaing, 3% were at
majors, 3% were business majors, and 6% were non-degree
students. 53% of subjeds were female. All subjeds were
paid for their participation.

Results

Data aalyses for Experiment 2 were identicd to
Experiment 1, except we looked at ten dependent variables
instead of nine. Bonferroni adjusted criticd values were
employed (p had to be less than .005 for an effed to be
considered significant). The 10 dependent variables were:
average time on the pretask questions, average time on the
experimental questions, average number of pages accessed
on the experimental questions, the total QUIS score axd 6
scores for eadh individual part of the QUIS. There was one
significant effed due to task order for the user satisfadion
ratings, Fiss = 9.92, p=.0035 A breskdown of means
suggests this was due to users giving Netscape Navigator
alone alower rating after they had used PadPrints than if
they had never used PadPrints. It is not possble to test this
explicitly in the current model becaise of the confounding
inherent in the design.

Consistent with Experiment 1 there was no significant
difference in time to answer questions for the pre-tasks
between subjeds using PadPrints and those not using
PadPrints, F;3;=0.08, p=0.78. However, there was a
significant deaease in time to answer questions using
PadPrints for the experimental tasks requiring revisiting

pages, Fi33 = 66.23, p<0.0001. Mean times to complete
questions are displayed in Figure 4.

@ Without PadPrints

W With PadPrints

Mean Time to Question Completion in Seconds

CHI Database National Parks Site Averaged Across Site

Figure 4. Mean Response Timesin Experiment 2.

Fewer pages were accesed when PadPrints was used, F; 33
=13361, p<.0001. Meansare shownin Figure 5.
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Figure5. Mean Number Pages Accessed in Experiment 2.

Consistent with Experiment 1 subjeds expresed greder
satisfadion when using PadPrints. The User Satisfadion
Ratingsare given in Table 2.

Average Satisfaction

QUIS Without | With

Section PadPrints | PadPrints | F133 p<
Overall 5.106 7977 10182 | 0.0001
Screen 6.363 7704 2498 | 0.0001
Feedbadk 5.458 7972 5559 | 0.0001
Leanability 5.550 8189 7232 | 0.0001
Sped 7592 8611 2125 | 0.0001
Browsing 5.229 8069 8344 | 0.0001
TOTAL 5.883 8087 8778 | 0.0001

Table 2. User Satsfadion Ratings for Experiment 2




The high satisfadion ratings were further supported by
comments made by subjeds. Examples of user comments
are

Navigating Without PadPrints

The [NPY information was easy to read orcel fourd it. It
was frustrating that Go saved only my main link and na
the pages | had been to.

[With Netscape Navigator] | have to rely on my own
memory too much to find a way back to adready \sited

pages.

Navigating With PadPrints

Enjoyed the ease of finding dd pages.

It was © easy. There was no confusion whatsoeve. It was
simple to go where | neaded to go and et back to my
starting pant. | neve got lost and | loved the fact that
eveything was right in front of you withou having to go
and scroll down "book mark" or some other option. |
would really enjoy using this g/stem nore often.

Very helpful | used it mostly for the big leaps - when | just
needed to go back or forward just one page | used the
netscape buttons - | likethis global view and it isfuntoo.

This is a totally cod system, I'm going to miss not being
able to haveit on my desktop.

FUTURE DIRECTIONS

The development and testing of PadPrints raised a number
of issues that should be resolved in future reseach. These
issues fall into the three caegories of system structure,
interadion, and visuali zation isaues.

The primary issue with system structure is the use of a
proxy server as a way of monitoring user-browser
interadions. The alvantage of this technique is that the
browser need not be modified to work with PadPrints. The
disadvantage is that user adions must be deduced from the
request stream passng through the proxy server. This
makes it difficult to dstinguish certain adions. For
example, we ould not distinguish between a user
following a link and typing in a URL. Idedly browsers
would supply this type of detailed information to external
programs. However, we exped that we could deduce this
with limited accuracy, based on parsing the HTML source

Interadion issues are one of the most important parts of
future work. One can imagine many different ways to
interad with PadPrints and choosing among the variations
will require alditional usability studies. What information
ismost useful to the user? What history structures are most

appropriate? |Is there a single history structure that is
sufficient for all web tasks, or isthere ahandful of different
tasks that each require aunique history structure? Should
the history-map include only webpages from the current
browsing sesson, all sessions of the last week, or al pages
every visited by the user? The history-map could dsplay
al webpages visited by a group of users. How should the
history-map be organized if a large number of pages are
involved? Test subjeds expressed a desire to delete nodes
and modify the mntent of a history-map. What types of
editing operations would be most useful ?

Finaly, there ae many visudizdion issues. Are the
thumbnail pictures esential to the success of the history-
map, or are webpage titles sufficient? How should pages
be aranged and conneded in the history-map? Sometimes
it is appropriate to display pages just once in the history-
map, but other times multiple instances of the same page
are gpropriate. Also, the multiscde nature of Pad++
alows nodes in the history-map to be displayed at different
sizes, but which nodes should be small and which should
be elarged? |Is page size @ntrolled automaticdly or
should the user be responsible for controlli ng this feaure of
the display? Which of the many display options will be
most beneficial to the user?

L
Figure 6. Using the multiscale caabilities of Pad to
enhancethe layout of the hierarchy.

The version of PadPrints used in the two experiments
reported here was frozen for testing prior to adding a
number of extensions. Among these ae dternative tree
layout algorithms and mechanisms for tree @liting.

Figure 6 shows two views of a PadPrints graphica history
hierarchy. The nodesin the left hierarchy are displayed at a
constant scde fador whil e the nodes in the hierarchy on the
right are scded acording to treedepth. This smple layout
algorithm provides a fisheye view of the tree Pad++
permits users to zoom into the tree ad view the nodes at a
legiblesize



Figure 7.
subtrees in the middle have been scded very smal to
reducetheir consumption of screen space

Manual editing of the tree layout. Two

Figure 7 shows a PadPrints graphicd history after a user
has edited the layout manually. Here two subtrees have
been scded very small in order to compresstheir spaceon
the screen. Extensions like these need to be tested in order
to discover which will make PadPrints more dfedive for
the user’s needs.

CONCLUSION

We have shown that the PadPrints graphicd history-map is
an effedive way to suppat web navigation. In two
usability studies, PadPrints reduced the number of page
accesses during general navigation and significantly
reduced access time for tasks requiring page revisitation.
The results from questionnaire ratings owed subjeds
experienced higher degree of satisfadion navigating the
web using PadPrints than without PadPrints.

In addition to these quantitative results, many subjeds
commented that they enjoyed using PadPrints. A number
of our subjeds expressd an interest in using the software
for their own work. One subjed was a teacher who
suggested that PadPrints might be particularly useful in an
educaiona setting. He indicated that while the web is
becoming very useful in the dassoom, teachers and
students frequently experience problems navigating the
web while trying to find spedfic information. He thought
PadPrints might help reduce navigational problems.
Furthermore, teaders could provide a ©ndensed PadPrints
history-map to students to summarize useful websites. In

the future it would be informative to bring PadPrints into
the dassroom and empiricdly evaluate these conjedures.

PadPrints is a promising gaphicd multicde history
technique to aid web navigation. Providing users with a
visual history-map all owed them to more dfedively return
to information found in previoudy visited webpages. By
reducing the burden of navigation more cognitive resources
can be spent on finding, integrating, and processng new
information, potentially making the World Wide Web a
more useful information source
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