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Abstract. With the advance of information technologies, web search has 
become a necessary activity for most Internet users. Although current search 
engines are powerful enough to respond required search results in seconds, in-
formation seekers may still feel arduous to digest them when conducting the 
exploratory search. In other words, when users are unfamiliar with the domain 
of their goals or unsure about the ways to achieve their goals, they may need to 
read numerous pages before fully understand what they are searching for. In 
this work, we propose to fully exploit the browsing history to help users clarify 
their thoughts and discover new insights during the process of exploratory 
search. Specifically, interactive user interfaces of two different modes, i.e., the 
timeline mode and the relevance mode, are devised to provide users a vivid im-
pression of their browsing history. Hopefully, the feasibility and usability of 
web search for users can be further improved. 

Keywords: Exploratory search, information seeking, interactive interface, 
timeline. 

1   Introduction 

As the data amount gathered on the Internet increases at a very rapid speed, web 
search is becoming one of the most frequent tasks performed by the users. With 
proper query terms, one may reach required information or perceive some knowledge 
by exploring web pages in the search results. Moreover, as is investigated in previous 
studies, user goals in web search can be classified in to three types, i.e., navigational, 
transactional and informational search [6,14,21]. For users conducting either a naviga-
tional or a transactional search, there are always specific targets, e.g., a website to be 
visited or an item to be purchased, in their mind. On the other hand, for users conduct-
ing an informational search, they may experience a learning process to discover de-
sired information from a number of web pages from corresponding search results. 

It is thus observed that user activities in web search vary with their different goals 
[7]. With current search engines, a simple search activity can usually be completed in 
seconds. Nevertheless, when conducting the search in an unfamiliar domain, a user 
tends to browse a few search results and then recursively issue the next query for 
obtaining some further information. Such a process of exploratory search is a time-
consuming and tentative task for most of the users since they may need to read nu-
merous pages before fully understand what they are searching for. In other words, if a 
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user does not know which keywords to use or looks for several answers, he usually 
needs to spend much time on querying and browsing activities to accomplish an ex-
ploratory search. 

When users try to investigate, evaluate, compare and synthesize information pieces 
grabbed during their exploratory search processes, they may encounter the data over-
loading problem due to the limited short-term memory of human beings. In view of 
this, an interesting concept which is inspired from the Pensieve in the famous series of 
novels “Harry Potter” is noted in this work. Specifically, the Pensieve is a fictional 
item used to store memories and to provide a near-omniscient perspective of the 
events to be relived later in the novels. To realize such a concept in practical applica-
tions, we propose to develop a proper approach for users to retain and to organize 
necessary information. 

Furthermore, we note that search sessions of a user are not totally irrelevant, espe-
cially when the goal of web search is for obtaining more and more knowledge, or 
more specifically, learning something new. Consequently, the browsing history of 
users can help them on not only reviewing previous search activities but also clarify-
ing next search targets. Nevertheless, to the best of our knowledge, the web browsing 
history is simply recorded in sequence and is usually loosely organized in previous 
works. For supporting the user needs of retrospecting their previous activities in ex-
ploratory search, we propose in this work to present and to organize browsing history 
of users in more feasible forms. Specifically, our goals are twofold. First, we expect 
to provide users a novel interface to support their historical retrospect. Moreover, 
relationship among search sessions should be identified to help users clarifying their 
thoughts and discover new insights. 

The rest of this paper is organized as follows. Relevant works on exploratory 
search and usage of browsing logs are generally reviewed in Section 2. The concept 
and advantages of our approach are explored in Section3. In Section 4, implementa-
tion details of our approach are presented. This paper concludes with Section 5. 

2   Preliminaries 

The process of exploratory search and relevant information theories are generally 
discussed in Section 2.1. Moreover, in Section 2.2, we show how browsing logs can 
help to improve the user interactivity in web search. 

2.1   Exploratory Search 

Search can be considered as a specific type of information seeking behavior. Gener-
ally speaking, there are different stages for this goal-oriented and problem-solving 
process, i.e., problem recognition, problem definition, problem resolution, and solu-
tion statement [27]. With the advance of information technologies in recent years, 
web search has become an increasingly important part of most computer users. There 
are several previous works on improving search results or achieving personalized 
search. Typical techniques include reranking search results based on the personal 
profile [2,22,24], comparing search results of different search engines [18], and offer-
ing faceted search interfaces [12]. In addition, there are more and more works focus-
ing on the visualization of search results [7,8]. 
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A search engine can handle numerous user requests at a same time and returns 
more than a few matching results to the users, respectively. On the other hand, for 
users who are unfamiliar with the domain of their goals or unsure about the ways to 
achieve their goals, they may need to spend much more efforts to explore and to di-
gest these documents on the web. An illustrative example is that if a user does not 
know much about classical music, how should he even begin to find a piece that he 
might like. This reveals that typical keyword search scenarios are insufficient. Spe-
cifically, relevant studies on exploratory search emphasize the circumstances that 
users start with vague information needs [15,17,25]. 

When conducting an exploratory search task, a user acquires not only specific 
documents but also the knowledge discovered during the interaction process with a 
search engine since the user may keep revising his query terms and thus the search 
engine returns some new results. When facing a large amount of retrieved data, users 
need to spent time and effort filtering useful information and organizing their own 
thoughts. Thus, a good tool supporting in exploratory search should help users to 
discovering new association and kinds of knowledge, resolving complex information 
problems, or developing an understanding of the terminology and the information 
space structures [25].  
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Fig. 1. An evolving search path as described in the berrypicking model (adapted from [5]) 

An informational model of berrypicking [5] best describes the actual behavior of 
information searchers, especially for the process of exploratory search. Unlike the 
comments made in conventional models, the search behavior is not merely a single 
movement for users to reach the best retrieved result, but a berrypicking or an evolv-
ing pattern. As shown in Fig. 1, the path of a searcher is usually a curve instead of a 
straight line. Also, searchers may iteratively change their direction of the query after 
gaining new knowledge from retrieved documents and clarifying their own thoughts. 
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In other words, the process of exploratory search usually consists of several sessions 
of keyword search and is significantly influenced by the current state of the searcher. 

2.2   Usage of Browsing Logs 

Logs of user activities can be feasible in discovering usage patterns and other applica-
tions. For seeking legal information, user interface tools based on search histories are 
developed [13] and the corresponding results show that the log information is useful 
for many information-seeking tasks. On the other hand, although current web brows-
ers are usually capable to offer users simple logs of their browsing history, there are 
only a few basic functions provided for users to access their logs. Usually the most 
recently-viewed websites are listed so that a user can easily revisit a site even if he 
forgets the corresponding URL. Also, a user can search the log to find some sites that 
he may have forgotten he visited.  

Note that time is the explicit information recorded with all entries in the browsing 
log. Thus, the timeline is a common approach to present time sequences [16,6] so that 
corresponding events can be organized in order. To provide a better visualization 
form, the utilization of timeline is adopted in many relevant works so that users can 
understand the relationship among information segments in a much easier way 
[1,3,6]. For example, news photos on Flickr can also be visualized as a time flow to 
demonstrate the evolving history [9]. Research papers can also be presented as a time-
line with the tool SIMILE [23]. Generally speaking, how to use the temporal informa-
tion effectively is already a crucial issue in the field of information retrieval [4,20]. 
For our purpose of exploratory search, the use of time for clustering and browsing 
online documents may provide information seekers a much distinct way than simply 
returning some documents in response to a query. 

To the best of our knowledge, the records of web browsing history are usually 
loosely organized in current web browsers. Thus, it is difficult to recognize dissimi-
larities among browsing records, not to mention to discover the valuable relevance 
among them. By analyzing the browsing history, browsing patterns of users can be 
used to recommend websites which users might be interested in [10]. Moreover, for 
users to get more personalized search results or to follow interesting trends in their 
web activities, Google also provides similar services for users to review their search 
history online [11]. In this work, we thus propose to exploit two significant types of 
information embedded within the browsing history, i.e., record time and document 
relevance, to provide users better interactivities in conducting the exploratory search. 

3   Exploiting Explicit and Implicit Information in Browsing Logs  

As users may feel lost in the large quantity of gathered data in exploratory search, we 
propose to organize the search activities based on both the explicit and the implicit 
information in browsing logs. Our approach of utilizing the explicit record time is 
illustrated in Section 3.1. Moreover, the discovery of implicit relevance among search 
sessions and the corresponding usage are presented in Section 3.2. 
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3.1   Usage of Timeline and Temporal Granularities 

As mentioned in previous sections, logs offered by current web browsers are usually 
simple and are not well-structured. The arrangement of records is simply ordered by 
browsing time in conventional approaches. Moreover, the basic unit of the browsing 
log is either a website or a web page. Nevertheless, for the purpose of exploratory 
search, we notice that a search session should be a more appropriate unit for tracking 
the browsing history. Also, we believe that more efforts can be elaborated on utilizing 
the corresponding temporal information. 

Once a user’s browsing history is tracked, search sessions along with some time-
stamps can be defined. Specifically, each keyword search and the corresponding 
browsing behavior of the result pages are regarded as a session in this work. Also, 
each search result is considered as an item. Also, the start timestamp and the duration 
of each session are crucial in our approach. Instead of presenting a long list of previ-
ously visited websites, we choose to organize previous search sessions on a timeline 
with variable temporal granularities. 

With fixed granularities

With variable granularities

X-2 Day X X-3X-4

Basic time unit

…

X-1

…

Basic time unit

X-1 Day X X-2X-3X-4X-5X-6  

Fig. 2. Timeline with either fixed granularities or variable granularities 

Granularities of a timeline can be adjusted according to the temporal distance be-
tween a previous search session and the present time. It is observed that a more recent 
event usually results in a higher impact to people. In other words, the search session 
issued yesterday is considered more impressive than the one issued a month ago for 
the same user. The difference of using fixed granularities and variable granularities on 
a timeline is depicted in Fig. 2. Note that although every time unit stands for a day in 
Fig. 2, the corresponding width is not fixed in the timeline with variable granularities. 

We further incorporate the concept of tilted-time window to present the whole 
timeline in different granularities. In general, recent search sessions are presented in a 
finer granularity while older ones are presented in a coarser granularity. In addition to 
such a recent-biased arrangement, search sessions of more interestingness to the user 
can also be presented in a finer granularity. Such an extension of using variable 
granularities can be even more illustrative for users. This is similar to the memory of 
human beings since some significant events can be remembered for a quite long time. 

3.2   Usage of Relevance among Search Sessions 

Browsing logs not only reveal the behavior of users, but also help to establish the fun-
damental knowledge of users. Through reviewing the histories, users can reformulate 
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their thoughts to confirm their next directions in searching. In other words, relationship 
among previous sessions may help to facilitate the exploratory search since it can be a 
long-term learning process. This process is just like playing jigsaw puzzles, a user may 
gradually obtain some clues to place more pieces properly or suddenly encounter a 
bottleneck preventing him from moving forward. Consequently, search sessions of a 
user may not occur in series during a complete process of exploratory search. For ex-
ample, many users search for the business affairs in office hours and search for their 
casual hobbits after work. Thus, two successive search sessions can be quite irrelevant. 

Obviously, if the implicit relationship among search sessions can be identified 
from browsing logs, the search history can be further organized. Note that since each 
search session contains the corresponding query terms and a number of items, i.e., 
web pages in the search result, two relevant sessions may contain duplicate items. In 
other words, the number of duplicate items between two different sessions is used to 
measure the strength of their relevance. Moreover, browsed items and non-browsed 
ones should be of different interestingness to the user. Specifically, if there exists a 
duplicate item among relevance sessions and is not browsed by the user, then it is 
regarded as an interesting item. 

Interesting item

Search results

Browsed item

Non-browsed item

 

Fig. 3. Duplicate items is used for measuring the relevance among search sessions 

As shown in Fig. 3, there are three different search sessions represented as hollow 
circles in the example browsing history of a user. Grey and red dots represent the 
browsed items and non-browsed items, respectively. Dots in the overlap region stand 
for duplicate items. Therefore, the relevance between the yellow and the green ses-
sions is higher than that between the yellow and the blue ones. Also, an interesting 
item of this example is indicated in Fig. 3. 

4   Implementation of Proposed Interfaces 

To make previous concepts into practice, we propose new user interfaces to present 
the organized browsing history. Specifically, users can review their previous search 
activities in either the timeline mode or the relevance mode. Details of these two 
modes are illustrated in Section 4.1 and Section 4.2, respectively.  
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4.1   Timeline Mode 

The interface of the timeline mode is as shown in Fig. 4. Search sessions are specified 
with different colors. On the left is the overall browsing history presented on a time-
line with variable granularities. After the user specifies a desirable period to review 
his or her browsing history, details of all corresponding search sessions are presented 
on the right. 

 

Fig. 4. Visualization of the browsing history in the timeline mode 

In the timeline mode, all search sessions are arranged according to their time-
stamps. The granularities of the timeline vary with the recency and the interestingness 
of search sessions. Besides, it is noted that relevant sessions are in similar colors so 
that the user can distinguish them easily. As compared to the usage of a typical time-
line of fixed granularities, our approach in timeline mode offers users a vivid impres-
sion of their browsing history.  

4.2   Relevance Mode 

The interface of the relevance mode is as shown in Fig. 5. Our implementation is built 
on the basis of an interactive visualization toolkit, i.e., prefuse [19]. Search sessions 
are represented as circles marked with the corresponding query terms. Also note that 
relevant sessions are in similar colors as the way in the timeline mode. 

In the relevance mode, the relationship among search sessions can be easily iden-
tified since relevant sessions are connected. Note that user behavior can affect the 
strength of a relationship since not all search results are browsed by the user. 
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Generally speaking, our approach in the relevance mode breaks through the hedge 
of the timeline. Hence, users may obtain more insights about their own browsing 
history. For the purpose of exploratory search, in addition to what users already 
know, they can extend the current knowledge base by creating more search sessions 
of relevant query terms.  

 

Fig. 5. Visualization of the browsing history in the relevance mode 

5   Conclusions 

As the tasks and goals involved with exploratory search are probably undefined and 
unpredictable, it is difficult and subjective for users to obtain insights during the 
search process. Much effort has been spent on studies in relevant fields, e.g., informa-
tion seeking and human-computer interaction. In this work, we have proposed to fully 
exploit the browsing history to help users clarify their thoughts and discover new 
insights during the process of exploratory search. With one of the motivations being 
to support users when keyword search is not enough, we have focused on developing 
novel user interfaces and interaction models that support the user in different ways. 
Hopefully, the feasibility and usability of web search for users can be further im-
proved as both the explicit and the implicit information of browsing history are 
properly utilized. 
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