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ABSTRACT

Topic management is the task of gathering, evaluating, organizing, and sharing a set of web sites
for a specific topic. Current web tools do not provide adeguate support for thistask. We created and
continue to devel op the TopicShop system to address this need. TopicShop includes (1) awebcrawler that
discovers relevant web sites and builds site profiles, and (2) user interfaces for exploring and organizing
sites. We conducted an empirical pilot study comparing user performance with TopicShop vs. Y ahoo( .
TopicShop subjects found over 80% more high-quality sites (where quality was determined by independent
expert judgements) while browsing only 81% as many sites and completing their task in 89% of the time.
The site profile data that TopicShop provide —in particular, the number of pages on a site and the number
of other sitesthat link to it — were the key to these results, as users exploited them to identify the most
promising sites quickly and easily.

INTRODUCTION

Web search and navigation are difficult problems that have received much attention, with search
engines like AltaVista and directories like Y ahoo being the most widespread solution attempts. However,
users have information needs and interests that are larger in scope and longer in duration than can be
satisfied by AltaVistaand Yahoo. In particular users want to manage their persistent interestsin broad
topics and to comprehend collections of web documents relating to topics.

MOTIVATION

Typical search solutions are content-based where a user query isfilled by matching keywords to
the text of web pages. While this approach worksin many situations, it fails when users want to find
quality information on atopic and manage the resulting information over aperiod of time. By utilizing the
inherent structure found on the World Wide Web, we may gain more insight into the perceived quality of a
web site. By viewing links to web pages as endorsements, we can use the concepts of social filtering
(utilizing user preference for prediction) to create better collections of topically coherent web sites. Social
filtering is a method of filtering objects (documents, videos, web pages, etc.) that concentrates on the
characteristics of people and their preferences in addition to the objects’ content. The focus of social
filtering is shifted from strictly assessing the content of objects to evaluating the personal and
organizational relationships of the community of users accessing those objects.

An important task that many web users perform is gathering, evaluating, and organizing relevant
information resources for a given topic; we call this topic management. Sometimes users investigate topics
of professional interest, at other times topics of personal interest. Users may create collections of web
information resources for their own use or for sharing with coworkers or friends. For example, one might
gather a collection of web sites on wireless telephony as part of areport for work or a collection on the X-
Filesasaservice for fellow fans. Librarians might prepare topical collections for their clients, and teachers
for their students.

Topic management is a difficult task that is not supported well by current web tools. A common
way to find an initial set of (potentially) relevant resourcesisto use a search engine like AltaVista or an
index like Yahoo. At this point, however, auser’s work hasjust begun: theinitial set usualy is quite large,
consisting of dozens to hundreds of sites of varying quality and relevance, covering assorted aspects of the
topic. Userstypically want to select a manageable number — say 10 to 20 — of high-quality sites that cover
the topic. With existing tools, users simply have to browse and view resources one after another until they
are satisfied they have a good set, or, more likely, they get tired and give up. Browsing aweb siteisan
expensive operation, both in time and cognitive effort. And bookmarks, probably the most common form
of keeping track of web sites, are afairly primitive organizational technique.



While many web search utilities provide answers to specific queries, they do not provide
convenient, efficient methods for exploring the body of knowledge available about atopic. Some search
resources allow usersto find a category that closely matches the topic they are interested in, but the end
result is simply an alphabetical list of web sites that contain information on the given topic. New
techniques that provide additional functionality need to be available on the web to support broader types of
information gathering.

WEB CRAWLING

There are many different sites on the web for any given topic. An alphabetized list of all known
sitesisrarely the best method for finding useful information. The inherent hierarchical structure of the web
can be used to gain further information about web sites. By following all hypertext links on aweb site, a
topic crawl can be generated for al siteslinked to by a particular site. Continuing the crawl deeper past
these sites will eventually provide alarge body of topically related sites that can be analyzed and presented
toauser. Thisisbased on the assumption that quality sites point to other relevant quality sites. Since site
designers have theoretically already put effort into filtering out poor quality sites and only linking to quality
sites, acrawl can simply follow links to build a better representation of the scope of sites for a given topic.

Our crawl uses a clan graph as the primary information structure. A clan graph isadirected graph
where nodes represent documents and edges represent a reference to the node pointed to. A local clan
graph is the subgraph whose nodes are closely connected to the user-specified set of seed sites. Building on
concepts from social network analysis, co-citation analysis, and social filtering we have devel oped the
notion of an NK local clan graph.

» TheNK local clan graph for aseed set Sis{(v,e) | visin an N-clan with at least K members of S}.

An N-clan isagraph where every node is connected to every other node by a path of length N or less, and
all of the connecting paths go through only nodesin the clan. Our crawler uses a 2-clan (the 2K local clan
graph) because it represents a useful substructure extracted from the large structure of the web. By
requiring that sitesrelate to a certain number of seeds (K), we ensure that we find not just dense graphs, but
graphsin which a certain number of the seeds participate.

There are three types of inter-document relati onships where a relationship between two of the
documents can be inferred based on a known relationship between the other two. Co-citation analysis says
that two documents B and C arerelated if athird document, A, sites them both. Social filtering saysthat if
documents B and C both refer to athird document, A, then B and C may be likely to link to similar sorts of
itemsin general. Transitivity saysthat if document A refersto B and B to C, then A implicitly refersto C.
These three relationships are the minimal 2-clans which arein our case necessary because no smaller
structure allows us to make inferences about document relatedness, and sufficient because no larger
structure enables other simple inferences

During a crawl, anumber of parameters describing sites are gathered. Number of images, audio
files, and movie files are recorded as well as the number of in-links and out-links. The number of links
pointing to a site by other outside sitesis called the in-links. This parameter can be used to determineif the
siteisapopular site by finding the number of site designers that think it is good enough to be linked to.
Thisisaform of social filtering. By considering each in-link to a site to be an endorsement to that site we
can generate alist of the most linked-to or most endorsed sites. An out-link is where a site links to another
site. The site with the most out-links can be considered a good index site with many links about the desired
topic. Combining these two parameters can provide further information. If asiteis pointed to by many
sites, but does not point to any other sites, it may be an official site (perhaps a corporate site) on the topic
since many sites think itsimportant, but the site itself does not point to any other sites. If, on the other
hand, asiteis not pointed to be many other sites but itself points to alarge number of other resources, it
may be a newer site that other site designers have not noticed yet. Most likely, itisalink collection siteif
it has a high number of out-links.

While a crawl is being performed, two metrics are used to ensure that highly relevant sites are
visited in the early stages. First, aweighted sum of the number of in-links of all sites that point to a pageis
used to rank the page on its potential for not only being a quality site but for recommending other quality
sites. Asacrawl progresses, thisranking isimproved because more data about visited sites are collected.

If asiteis pointed to by many other sites with a high number of in-links (and hence are considered good
sites because they are endorsed by others), then this site can aso be considered a good site. Because of the
immense size of the web, acrawl can take avery long time but by using this metric, more relevant sites are
found by the crawler near the beginning of acrawl and a crawl can be stopped after some user-defined
threshold number of sitesis found. In addition, anchor text is searched for keywords related to the crawl.



Anchor text is the text description, written by the site designer, that is displayed for each link and is what
the user clickson to visit the site linked to. Thistext isusually highly related to what the site contains. So
during acrawl, al occurrences of anchor text are saved for each site and can be searched to gain relevance
feedback. If amatch isfound, then the ranking for the site isimproved; if no match isfound, nothing is
done, because that does not necessarily mean a site is off-topic.

TOPICSHOP

TopicShop Explorer is avisualization for viewing and managing collections. It isa customized
version of the normal Windows file Explorer. The TopicShop Explorer is avery small Windows executable
that knows how to read and process site profilefiles.

Users can view their collectionsin two different ways: details or icons. The main feature of the details
view isthat it shows site profile information, and the main feature of the icons view is that users can
arrange icons spatially. We had three main design goals for TopicShop Explorer:

Make relevant but invisible information visible. We hypothesize that making site profile information
visible will significantly inform usersin evaluating a collection of sites. No longer must they decide to
visit sites— atime-consuming process — based solely on titles and (sometimes) brief textual annotations.
(A chief complaint of subjectsin the Abrams et al, study was that titles were inadequate descriptors of site
content — and that was for sites that users already had browsed and decided to bookmark.) Instead, users
can choose to visit only sites that have been endorsed (linked to) by many other sites or sitesthat arerichin
aparticular type of content (e.g., images or audio files). In addition to site profile data, the thumbnail
images also are quite useful; most notably, for sites a user has visited, thumbnail images are an effective
visual identifier for sites.

Make it simple for usersto explore and organize resources. In the details view, users can sort resources by
any of the properties (e.g., columns showing number of in-links, out-links, images, etc.) simply by clicking
on the label at the top of the column. In either view, right-clicking on a site brings up a window that shows
profile data from which the numbers in the columns are derived (e.g., lists of al sitesthat link to the
selected site and all internal pages of the site). Double-clicking on a site will send the user’s default web
browser to that site.

Users can organi ze resources both spatially (in the icons view) and by creating subfol ders and moving

resources into the subfolders. Nardi & Barreau found that users of graphical file systems preferred

spatial location as a technique for organizing their files. We believe spatial organization is particularly
useful early in the exploration process while users are still discovering important distinctions among
resources and user-defined categories have not yet explicitly emerged. As categories do become
explicit, users can create foldersto contain sitesin each of the categories.
Integrate topic management into a user’s normal computing and communications environment. The
TopicShop Explorer may not look like a novel interface at al; interestingly enough, this was an explicit
goal. We wanted it to be as similar to the normal Windows Explorer as possible so Windows users could
apply al their existing knowledge, meaning there would be little or no learning time and similar ease of
use. Further, this decision makesit very easy for collections of resourcesto be shared. Since acollection
isjust anormal Windows folder containing files (of the special type that we designed), they can be shared
in all the normal ways. Aswe already have explained, a collection can be compressed and downloaded. It
can also be emailed. And if users share a common network, collections simply can be read directly from
any machine on the network.

The TopicShop Explorer interface allows users to organize their web site collection from any view. In
the details view, users can change the order of the collection of web sites to represent their personal choice
of best quality sites. This ordering becomes an additional column in the interface that can be sorted like
any other column. Intheicons view, spatial organization is alowed and web site icons can be arranged
into groups before being moved to a new folder.

EMPIRICAL STUDY

We wanted a suitable baseline topic management tool for comparison to TopicShop. Yahoo isthe
most popular tool for locating collections of web sites (according to the Media Metrix PC metering
company, results available at http://searchwnginewatch.com/reports/mediametrix.html).
Bookmark lists are a common means of organizing collections of web resources. Therefore, we decided
that subjects would use either TopicShop or Y ahoo/bookmarks.

We chose two topics for the study: home brewing (of beer) and the TV program “Buffy the
Vampire Slayer” — each contained about 60 sitesin their corresponding Y ahoo category. Our choice of



these topics was influenced by the fact that pursuing special interests, including hobbies and media fandom,
is one of the main ways people use the web. To quantify this, we studied a set of approximately 770K
gueriesissued to the Magellan search engine between March 1997 and August 1998. We determined that
42% of the queries had to do with entertainment topics, including media fandom (categorization was done
on the 515 most popular query strings, which cumulatively accounted for 96K query instances;
categorization was done by two independent raters, inter-rater reliability of 87%.)

DESIGN

The experiment was a 2x2, between subjects design, with topic (home brewing or Buffy) and user
interface (TopicShop or Y ahoo) as factors. Sixteen members of our lab volunteered to participate, giving
four subjects per each of four conditions. None of the subjects had seen TopicShop before, although some
were familiar with the general concepts.

The two main metrics we wanted to measure were the quality of resources users gathered and the
amount of effort (time and total number of sites browsed) required. To give aquality baseline, four experts
for each topic were presented alist of the sites (in random order) on that topic; only titles were presented,
no Y ahoo annotations or TopicShop profile data. This meant that the experts had to browse each site and
evaluate it based on its content and layout. Each expert collected the 20 “best” sites. For this study, we
defined “best” as a set of sitesthat collectively provided a useful and comprehensive overview for someone
wanting to learn about the topic. During analysis, we used the “expert intersection”, the set of resources
that all expertsfor a given topic selected, as the yardstick for measuring the quality of resources selected by
the subjects.

Subjects for a given topic, whether they used TopicShop or Y ahoo, were presented with the same
set of approximately 60 sites (obtained from the Y ahoo category) to evaluate. Y ahoo subjects saw (as
usual) sitetitles and, for about half the sites, a brief textual annotation. For the TopicShop condition, we
applied our webcrawler to the Y ahoo sites to produce site profiles; TopicShop subjects thus had access to
sitetiles, thumbnail images, and profile data.

METHODOLOGY

Subjects were assigned randomly to one of the four conditions. To begin the experiment, subjects
received 15 minutes of instruction and training in the task and user interface. TopicShop subjects were
shown the basic interface features and taught how to collect sites by dragging and dropping iconsinto
folders. 'Y ahoo subjects were shown a sample list of sites and taught how to collect sites by bookmarking.
After training, subjects performed a short task to ensure that they were comfortable with collecting and
organizing sites.

For the main task, subjects investigated the sites for their assigned topic by using the interface
(TopicShop or Y ahoo) and browsing to sites. Subjects within a single topic were presented with the same
collection of sitesin both interface conditions. They were asked to choose the 15 “best” (as defined
previoudly) sites and rank them by quality. Subjects were asked to complete the task in 45 minutes and
were kept informed of the elapsed time. Clearly, there is a relationship between time on task and quality of
results: the more time spent, the better results one can expect. By limiting the amount of time, we hoped to
focus on any differences in the quality of results (i.e., the sites users selected) between the two interfaces.
And people don’t spend unlimited amounts of time browsing, so we wanted to see whether users could find
high-quality sitesin alimited amount of time.

The task ended when subjects were satisfied with their collections of sites. Subjects then
completed a short questionnaire. Finally, an informal interview was conducted to reveal strategies subjects
used to perform the task, their reactions to the interface, and what could help them to complete the task
more effectively.

RESULTS

We first compared the set of resources chosen by each subject to the expert intersection. For each
topic, the expert intersection contained 12 resources. For the Buffy topic, Y ahoo subjects selected an
average of 5.0 sites that were in the expert intersection, while TopicShop subjects selected 7.5 expert-
endorsed sites. For home brewing, Y ahoo subjects matched 4.3 sites and TopicShop subjects matched 9.3.
Overdll, Y ahoo subjects selected 4.6 sites from the expert intersection, while TopicShop subjects selected
over 80% more, or 8.4 (p<0.05). These results are summarized in Table 1. Notice that choosing sites at
random would result in obtaining 3 sitesin the expert intersection. (Users selected 15 out of 60 sites, or
25%; 25% of the 12 sites in the expert intersection is 3 sites.) The Y ahoo score of 4.6 is not that much



better than random selection. This probably is due to task time limit of 45 minutes. If Yahoo subjects had
had unlimited time, undoubtedly they would have been able to find more high quality sites. To sum up, we
see that TopicShop users found significantly better resources in the time given to complete the task.

Mean Number of High-Quality sites Identified

Interface Type
Topic Yahoo  TopicShop
Buffy 5.0 75
Home brewing 4.3 9.3
Average over Topic 4.6 84

Expert inter section analysis

It also isrevealing to examine the amount of work subjects performed to complete their tasks. A
study of data from the search engine Excite (51,473 queries, 18,113 users) showed that 86% of all users
looked at no more than 30 pages returned in response to their query

In our study, Y ahoo users browsed an average of 44 sites, while TopicShop subjects visited about
36, or about 19% less. Further, the task of constructing a high-quality collection of resourcesis more
difficult than doing a simple search; the task is global, since oneistrying to develop a comprehensive
overview of atopic, so more sites must be considered. By providing additional dynamic data up front,
TopicShop enables users to make better decisions about which sites to immediately rule out and which to
investigate further. Y ahoo users can rely only on textual annotations, which are provided by site
maintainers. While these annotations are sometimes helpful, they can be out-of-date or self-promotional,
so are not necessarily good indications of the perceived quality of a site.

We also analyzed time on task. We did not expect alarge difference since we gave users a (soft)
limit of 45 minutesto complete the task and kept them aware of elapsed time during the experiment. Still,
TopicShop subjects took about 11% less time (41.5 minutes vs. 46.6 minutes for Y ahoo).

While the differencesin time and effort were not statistically significant (although we hope they
will bein alarger study we are preparing to conduct), they do show that TopicShop subjects did not obtain
better quality results at the cost of more work.

The questionnaire gave us data on what information subjects found most useful in evaluating a
site. TopicShop subjects were asked to rank the utility of the site profile attributes, including the title and
the number of in-links, out-links, images, audio files, and pages on the site. Subjects ranked these
properties on ascale of 1 (most useful) to 7 (least useful). Three of these properties — in-links (2.00), title
(2.75), and number of pages (3.00) — were ranked most highly. The other four properties had an average
score greater than 5. Even though many subjects noted that titleis not avery good indication of quality, it
still was perceived as one of the most useful site properties. Ininterviews, subjects explained that titles
were useful mainly as memory aids for sites. Thus, subjects considered the number of endorsements (in
links) and the size of a site (in pages) to be the most useful indicators of quality.

The questionnaire also asked subjects what additional information would have helped themin
evaluating sites. Six of the eight Y ahoo subjects said that the number of links between sites would be very
useful. One subject even made it a point to go to the links page of every site visited to see not only what
sites were linked to, but also to read any annotations or recommendations made by the site author. Thus,
link information was rated as highly useful by those subjects who saw it and as desirable by those subjects
who did not.

SUMMARY

As the amount of information on the web continues to grow, tools that support usersin finding and
managing collections of topical resources will become increasingly significant. The focus must move from
compiling collections to helping users comprehend and manage them. Our goal isto reduce the time users
must spend sifting through “relevant” — but poor quality — sites and increase the amount of time they can
devote to exploring high-quality information. By mining the rich data that already exist in the structure of
web sites and content of their pages, we expect to show that TopicShop helps users quickly identify small,
manageable, high-quality subsets of web sites.



