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Browsing Web pages, which plays an important part of
our daily creative knowledge work, often includes
purposefully revisiting pages we have browsed before.
Many of the existing tools and approaches for
revisitation clearly distinguish the use of history from
Web browsing. The approach presented in this paper
blurs the distinction between browsing the Web and
visiting stored pages in a personal Web browsing
history database. The HCB (History-Centric Browsing)
system allows a user to browse a previously visited
Web page stored in the history database in the same
way as browsing a page on the Web. The system
associates pages from the database to the currently
displayed page through three types of relevancies:
temporal sequence, URL/location-based proximity, and
content similarity. The HCB-stat, HCB-vis, and HCBtempo components use the associations to enrich the
current page-viewing experience.
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Introduction
Browsing Web pages plays an important part of our
daily creative knowledge work. In so doing, we not only
browse pages that are “new” to us but also purposefully
revisit pages we have browsed before.
Such revisitation of information has been found to be
both widespread and important. Cockburn et al. have
presented empirical evidence that more than 80% of
information uses are for revisitation [3].
Mechanisms such as bookmarks, back and forward
buttons, and histories have been integrated with Web
browsers to help users revisit Web pages. WebView [4]
is an extended Web browser with the enriched “back”
button with a list of thumbnail images of previously
visited pages. Browsing Icons [8] displays animated
graphs of users’ browsing paths as they surf the Web.
The Global Tree browser [10] and Domain Tree browser
[5] visually present trees of a personal Web browsing
history adjacent to the currently viewed page.
MindRetrieve [9] and browseback [2] are browsers
specifically built to help users search in the history of
personal Web browsing by using keywords and/or
thumbnail images of pages. TimeScape visually displays
the history of local files along a time line [11].
GoogleDesktop [6] finds local files as well as previously
viewed Web pages based on keywords. Google Search
History [7] stores a user’s search queries and helps
him/her revisit pages visited at the time of each search.
Such existing tools and approaches, however, primarily
treat Web browsing and the use of history as two
separate activities. Claiming that revisitation should be
regarded as an essential part of a Web browsing
activity, this paper presents a history-centric approach

to enhance Web browsing experiences. The approach
seamlessly integrates browsing the Web and visiting
stored pages in a personal Web browsing history
database.
We have implemented a mechanism for Microsoft
Internet Explorer that collects a Web browsing history
and stores it in the HCB (History-Centric Browsing)
history database. When a user opens a Web page,
either by directly typing a URL, by selecting a
bookmark, or by clicking on a link in a different Web
page or a document, the HCB database system takes a
snapshot of the opened Web page, produces a bitmap
image of the browser window, stores the source HTML
code together with the subcomponent files, records the
URL and its Web page title, and marks the time stamp.
The HCB system allows a user to browse a previously
visited Web page stored in the history database in the
same way as browsing a page on the Web. The system
associates pages from the database to the currently
displayed page through three types of relevancies:
temporal sequence, URL/location-based proximity, and
content similarity. The HCB-stat, HCB-vis, and HCBtempo components use the associations to enrich the
current page-viewing experience.

Revisitation Needs
Revisitation of a Web page is not merely browsing a
previously revisited page. Questions a user may ask
regarding revisitation include:
- What was the page I was just looking at before this
page?
- Have I already bookmarked this page?
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- What was the page that had a content similar to the
currently viewed page?
- Has anything changed in this page since I visited it
the last time?
- Have I seen this page before?
- What was the occasion/context for which I have
previously seen this page?
These questions almost always arise in the context of
the current page-viewing task. In fact, revisitation, or
more broadly, the use of a personal Web browsing
history, becomes necessary to support the current
viewing task; in other words, this history is not used
merely for the sake of understanding the history per se.
The history-centric approach we describe in this paper
views browsing a page, both from the Web or from the
history database, as a single type of a viewing task.
When the user displays a page in the browser,
regardless of whether the page is from the Web or from
the database, the currently displayed page becomes a
part of the user’s browsing history.

The HCB System
Based on this framework, the HCB system associates
pages stored in the database to the currently displayed
page, and presents different types of information about
them in terms of the currently displayed page through
the three components, HCB-stat, HCB-vis, and HCBtempo (Figure 1).
Associations
The HCB system uses three different types of
associations.

– Associated pages by temporal sequence are those
viewed immediately before and after the currently
displayed page (from the history database).
– Associated pages by URL/location-based proximity
refer to different versions of pages that have the
same URL as the currently viewed page. To identify
versions of a single URL, we first identify entries in
the database that have the same URL, and then use
an HTML hash table to identify identical contents and
reduce the number of redundant contents, resulting in
versions that have the same URL but different
contents.
– Associated pages by content similarity are those that
have page contents similar to the currently viewed
page. We use a simple keyword-matching algorithm
among the titles of Web pages, but could employ
more sophisticated algorithms, such as those
described in [1].
HCB-stat
Figure 1(a) shows how HCB-stat presents a user with
the statistical summary of the pages associated with
the currently displayed page by using the shapes of the
three icons. HCB-stat minimizes interference with the
current viewing experience; five seconds after a user
opens the Web page, HCB-stat gradually emerges in
the top part of the currently displayed window.
The bar-like icon on the left indicates where the time
stamp of the current temporary page lies within the
history. The top half of the center icon indicates the
number of the newer versions and the bottom half
indicates the number of the older versions of the
currently viewed page existing in the database. The
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density of the icon on the right indicates the number by
content similarity.
HCB-vis
HCB-vis overlays the visualized summary of the
associated pages on top of the currently displayed page.
Figure 1(b) shows a sample screen. The center column
shows the URL and the time stamp of the currently
displayed page.
Three sets of thumbnail images of Web pages are
displayed in three lines. The vertical line shows
thumbnail images of different versions of the Web page
of the current page. They are temporally ordered with
the older ones toward the bottom. The horizontal line
shows thumbnail images of pages successively viewed
when the current page was browsed in the past. Five
linearly ordered windows on the left are those visited
immediately before the current page, and those on the
right are those visited immediately after it. The linearly
ordered thumbnail images in the bottom of the grayed
area display Web pages that have Web page titles
similar to the currently displayed page. We eliminate
any versions that have the same URL as the current
page from this list.
Hovering a mouse cursor over one of the thumbnail
images presents a larger image of the page together
with its time stamp and URL, and clicking on the image
opens the page in the browser.

represents a user’s partial intention when originally
viewing the page. Our premise is that the search result
page partially shares the context with the subsequently
viewed pages. The use of search queries makes sense
to the user because the target space of search and
exploration is a personal Web browsing history. Looking
at search queries may remind the user of the time
when the query was posted. Segmented parts “sliced”
by a sequence of search queries, therefore, may
provide a larger granularity than pages for exploring
the personal Web browsing history.
To identify search queries, the HCB system parses all
the Web page titles, and extracts the keyword field
from the Web page title of each Google search result
page.
Figure 1(c) shows HCB-tempo, which allows a user to
explore the space of the personal Web browsing history
in terms of the currently displayed page. The rightmost column shows a list of thumbnail images of the
sequentially ordered history pages. A red-bordered
thumbnail represents the currently displayed page. The
left-most column shows a list of search queries. The
search query posted immediately before the currently
displayed page is highlighted. The two columns in the
middle represent the time lines. The left time line
shows the entire time of the history database, and the
right column is a zoomed-in view for the search query
session.

HCB-tempo
In support of exploring the personal Web browsing
history, we use the Search Query-based Slicing (SQS)
technique [12] to index a potentially large volume of
Web page history. A search query posted in Google
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figure 1. HCB-stat, HCB-vis and HCB-tempo
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Discussion
From a perspective that revisitation of the information
space is important, we present our history-centric
approach to support Web browsing. Our goal in this
research is not to help the user to understand the Web
browsing history per se, but rather to help the user in
the “current” Web browsing experience, enhanced with
the existence of the personal Web browsing history.
Our future work is to observe users using the HCB
system in their browsing tasks.
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