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Abstract:

This paper provides in-depth analysis of Web information gathering tasks. Research has focused on
categorizing Web tasks by creating a high-level framework of user goals and activities on the Web. Yet,
there has been very limited emphasis on improving the effectiveness of Web search for information
gathering under the concept of a complete task. This paper provides a framework in which subtasks
underlying the overall task of Web information gathering are considered. Moreover, the paper provides
research recommendations for techniques concerning collecting and gathering information on the Web.

1

INTRODUCTION

Web information retrieval has been studied in the
light of request-response for a relatively significant
period of time. The user submits a query trying to
convey their information need to the Web and in
return, they receive a response from the search
engine in the form of document hits. In many
occasions, a search activity may necessitate that the
user continues interacting with the search engine to
achieve a higher-level Web task (Kules, et al.,
2008). Research has studied user tasks in order to
identify a task framework that would help with
understanding user interactions with the Web
(Byström and Hansen, 2005). Web tasks have been
classified into fact finding, navigation, performing a
transaction, and information gathering (Broder,
2002; Kellar, et al., 2007). The latter represents a
great portion of the overall tasks on the Web,
between 51.7% (Broder, 2002) and 61.5% (Rose and
Levinson, 2004). Information gathering tasks imply
several steps and sequences within each step, longer
search time than other types (Mackay and Watters,
2008), and looking at several sources of information
to achieve the overall task (Terai, et al., 2008). This
type of task is common when a user is completing a
report or a project using information sources
published on the Web.
Current Web search and gathering techniques
provide limited support for the characteristics and
procedures involved in the information gathering

task. Web search is a one-session process―in most
cases―where the Web search engine provides no
means for connecting one search activity to the rest
of the activities in the task. Since information
mismatching and overloading are two significant
problems regarding how search engines gather
information (Tao and Li, 2009), it becomes the
user’s role to locate, compare, and manage the
required information in the task. A Web search
engine sees the sequences of a task as separate
interaction steps. It also provides no means for refinding information (Tauscher and Greenberg,
1997), which is an activity that represents one third
of the user interactions during information gathering
tasks according to Kellar and Watters (2006).
Moreover, search engines do not usually provide
support for representing task results according to the
type of information being sought in the task.
Consequently, there is a very limited understanding
by the design of current search engines of the fact
that a search operation may not be just a one-time
query, but rather a more complete and sophisticated
task.
This article provides a framework in which
subtasks underlying the information gathering task
are identified. In addition, based on research in the
literature regarding information gathering subtasks,
the paper provides practical recommendations for
Web tools intended for information gathering. The
paper is divided as follows. Section 2 describes the
related work. Research work concerning information
gathering on the Web is discussed in this section. A
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framework for the subtasks that comprise the overall
task of Web information gathering is also provided
in this section. Section 3 provides a discussion of the
research findings indicated in Section 2. Section 4
presents practical recommendations for future
studies regarding the concept of Web information
gathering tasks and improving the effectiveness of
tools intended for this type of task. Section 5
concludes the paper and highlights future research
directions.

2

WEB INFORMATION
GATHERING

This section discusses research work related to the
concept of information gathering on the Web. The
aspects of information gathering that are researched
in the literature are discussed first. The discussion
follows by providing a framework for subtasks that
comprise the overall task of information gathering.
Techniques intended for improving particular
aspects of each subtask are discussed along with the
type of subtask being explored.

2.1

Research Rationale

Information gathering tasks involve collecting
information possibly of different types from
different sources to achieve an overall goal
identified in the task. Information gathering tasks are
mostly search-based as shown by Kellar, et al.
(2006). In addition, information gathering is
recognized as the most frequent task in re-finding
information on the Web (Kellar, et al., 2006).
Information gathering tasks have been studied as a
part of user interactions with the Web for searching
and navigation as discussed by Kules, et al. (2008)
and Alhenshiri, et al. (2010, 1). However, there has
been little effort to connect the concepts of finding,
re-finding, comparing, goal identification, and
decision making for the purpose of investigating
improvements to information gathering tools on the
Web.
Research has examined those aspects in isolation
without specific focus on evaluation within the
context of a complete task. Yamada and Kawano
(2009) used sections in Web pages located for an
information gathering task to extract links to other
pages. The target pages are considered a part of the
user plan for the task and suggested to the user to
continue gathering information. In a similar
approach, Bagchi and Lahoti (2009) used hyperlink
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connectivity among Web pages to assist uses in
gathering information on the Web. They argued that
providing links to pages currently being viewed by
the user can facilitate the process of information
gathering. However, the only part of the information
gathering task considered in these two studies was
locating the intended information, i.e. finding.
Dearman, et al. (2008) investigated the subtask of
the information gathering task that concerns
information sources. Re-finding information on the
Web was also investigated either with respect to
locating previously found results (Tauscher and
Greenberg, 1997), or monitoring Web sources of
information (Kellar, et al., 2007). Issues with how
users deal with information gathering and how they
manage their time for the task were discussed in the
work of Murphy (2003). Finally, decision making
was investigated and considered as an intermediate
step in information gathering tasks (Yamaguchi, et
al., 2004).
In addition to those aspects that are involved in
information gathering, user interactions with the
Web have been studied in many directions under
different objectives. Rose and Levinson (2004)
attempted to identify a framework for user search
goals using ontologies in order to understand how
users interact with the Web. He and Goker (2000)
and Jansen, et al. (2007) attempted to identify
boundaries among user search sessions to be
potentially able to decide on the user search goal in
each session. Both studies intended to improve the
effectiveness of the Web search process by
providing more suitable results to the user’s goal.
Broder (2002) studied different user interactions
during Web search and identified three types of
tasks, namely: transactional, informational, and
browsing. Similarly, Kellar, et al. (2007) classified
Web tasks into navigation, information gathering,
and fact finding. These categorizations provided a
framework for the high-level types of tasks users
perform on the Web. Consequently, such
classifications can further be exploited to improve
the process of task accomplishment on the Web for
each type of task.
With respect to research regarding how users
gather information on the Web, several questions
remain open for further investigation. The concept
of information gathering remains unclear with
regard to the effectiveness of the tools used for
gathering and comparing Web information and the
challenges the user encounters during the gathering
process. In addition, most of the conducted research
in Web information retrieval attempted to improve
aspects of the subtasks underlying information
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gathering without considering the contribution of the
context of a whole task to the gathering process.
Studying the subtasks that comprise the overall task
of information gathering may permit for better
understanding of this type of task. In addition, it may
permit for further improvements in the field of
information retrieval since a great portion of users’
search activities on today’s Web are considered parts
of broader tasks. During information seeking, the
user information need is shown to be motivated by a
higher-level work task (Byström and Hansen, 2005;
Kules, et al., 2008). Before tackling the issue of
targeting possible improvements to the effectiveness
of Web information gathering tools, it is crucial to
understand the components (subtasks) of the
information gathering task and some examples of the
research that has been conducted so far for
investigating certain aspects in each subtask. The
following section illustrates the subtasks involved in
the Web information gathering task.

2.2

account user differences. In addition, the type of task
performed on the Web cannot be identified easily by
relying only on search queries. Unless additional
information are provided by the user to the search
interface―such as in the form of a user profile―the
search engine cannot take into account the type of
user or the type of task being performed. With
information gathering tasks, the difficulty in
identifying the task and the information required in
the task increases because of the different possible
information and sources the task may require the
user to locate on the Web.

Subtasks in the Web Information
Gathering Task

The information gathering task can be studied
effectively by investigating the subtasks comprising
the overall task. Research in the literature reveals
those subtasks through how scholars investigated
Web information gathering. Based on the definition
provided earlier and the different aspects of Web
information gathering that have been studied and
investigated in the literature, the subtasks involved
in Web information gathering, which are shown in
the provided framework in Figure 1, can be
summarized in the following:

2.2.1 Interpreting the Task
Web information gathering tasks can be of varied
complexities. Interpreting the task is a concern to the
user and the tools used in the task. For users to start
performing information gathering, they have to
make a decision about the information required in
the task, the plan desired for performing the task,
and the tools to be used for accomplishing the task
(Yu and Lau, 2005; Terai, et al., 2008). Interpreting
the task includes identifying the information
required to be retrieved in the task, the sequences
and steps required to achieve the task, and the
information given in the task as a priori (Bell and
Ruthven, 2004). The user’s interpretation determines
the tools needed in the task and their effectiveness.
On the Web side, current Web information gathering
tools, including search engines, do not take into

Figure 1: A framework for subtasks in the information
gathering task.

2.2.2 Finding Sources of Information on the
Web
The Web search engine is the tool predominantly
used for this subtask (Teevan, et al., 2004; Kellar, et
al., 2006). The user conveys their information need
to the search engine in the form of a search query
and receives a set of information sources that match
the search query but not necessarily satisfies the
intended information need (Manning, et al., 2008). A
study comparing users search behaviour shows that
55% of users’ search behaviour involves keyword
search to locate sources of information instead of
typing-in a URL into the Web browser (Teevan, et
al., 2004). In addition, 57% of internet users use
search engines daily (Hsieh-Yee, 2001). Therefore,
the search engine is recognized as the most used tool
for this subtask. The rest of the subtasks in
information gathering are performed by the user on
the Web browser using different utilities.
With regard to finding sources of information,
research has focused on improving the relevancy of
Web search results to match the user’s information
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need (Manning, et al., 2008). There are several
aspects of the Web search process that have been
investigated including indexing (Srihari, et al.,
2000), query matching (Kawano, 2000, Spink, et al.,
2001), search results ranking (Zhuang and Cuserzan,
2006; Zitouni, et al., 2008; Wang, et al., 2009), and
search results presentation (Alhenshiri, et al., 2010
(1), Teevan, et al., 2009). The latter aspect is
concerned with interacting with the user and
allowing them to perceive interesting information.
Search engines usually provide high recall of
relevant documents, but the results are incorrectly
ranked and presented to the user. Consequently, the
effectiveness in finding the intended sources is
usually concerned with how the results are presented
to the user (Alhenshiri and Blustein, 2010). In the
literature, there are several suggested improvements
with regard to results presentation. The two main
concepts regarding investigating such improvements
are visualization and clustering. However, there is
little focus on the specific aspects of visualization
and clustering that would particularly improve
gathering sources of Web information.

2.2.3 Finding Information on the Web
The result hits provided by search engines represent
sources of possible information of interest to the
user. The following subtask in information gathering
is locating task-relevant information among the
provided sources. This stage in information
gathering has been researched in several directions.
On the Web browser side of the subtask, results
presentation has been rigorously investigated for
providing recommendations for effective search
interfaces. Different forms of textual presentations
(Alonso
and
Baeza-Yates,
2003),
visual
presentations (Bonnel, et al., 2005, 2006), and a mix
of both textual and visual presentations (Mukherjea
and Hara, 1999; Kunz and Botsch, 2002;
Rivadeneira and Bederson, 2003; Brown, et al.,
2003; Suvanaphen and Roberts, 2004) have been
investigated. Clustering of search results according
to different criteria was also considered (Carpineto,
et al., 2009).
Nonetheless, this subtask is usually studied as a
part of the previously discussed subtask in which
there is no obvious separation between locating an
information source and locating information of
interest on that source. The separation is actually
apparent. For example, users usually cannot make
decisions only by relying on the list of hits provided
by the search engine. Finding sources of information
is actually a different subtask from finding
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information because of trust and familiarity issues
with Web sources (Alonso and Baeza-Yates, 2003).
Teevan, et al. (2009) showed that presenting Web
documents using visual snippets that consisted of the
most important image on the page (i.e. the page
logo) accompanied with text found in titles on the
page was favoured over text only summaries.
Presenting more features of the page in the result set
was more effective because users recognized the
nature of the document and were able to make more
effective decisions. The visual snippets and the
visualized glyphs in the work of Alhenshiri, et al.
(2010, 1) presented actual information about the
sources located by the search engine. In the
comparison study conducted by Alhenshiri, et al.
(2010, 1), participants who used Google opened
more pages on the browser and submitted more
queries in order to achieve the information gathering
task. The results showed that users were less
confident about the sources located by Google
because they were only able to see the text
summaries.

2.2.4 Finding Related Information
Finding related information to the already identified
information in the sources provided by a search
engine is a subtask that is common in information
gathering. The user finds a source of information
and continues looking for task-related information in
one of two ways. First, when clustering is involved
in the presentation of Web documents, the user may
look for similar documents to the one of interest by
relying on clusters of related documents (Carpineto,
et al., 2009). The second approach is by following
anchors on the page of interest for the purpose of
finding similar information (Karim, et al., 2009;
Alhenshiri, et al., 2010 (1)). For example, Google
provides clustering in the “see similar” feature
underneath some of the result hits. The search
engine
Clusty
(www.clusty.com)
performs
unsupervised clustering and presents categories of
topics on a sidebar. Yahoo directories are an
example of human-clustered hierarchy of Web
documents intended for finding related information
to categories of interest. Clustering on the Web is a
concept intended for better topical coverage which
may assist the user in information gathering tasks.
On the Web browser, following anchors on a page
and which link to other pages may indicate similar
content (Bederson, et al., 1996; Karim, et al., 2009;
Alhenshiri, et al., 2010 (1)).
Finding related information is a subtask that is
usually intended for gathering further information
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and comparing already gathered information for
reasoning and decision making. Consequently, it can
be considered a separate subtask from collecting
sources and information on the Web. The study
conducted by Alhenshiri, et al. (2010, 2) showed that
users followed the link hierarchy on the located Web
information sources in order to make confident
decisions about the task results. Similarly, Karim, et
al. (2009) developed a technique that gathers
hyperlinks on a page and provides those links
accompanied with viewing popularity statistics at
the bottom of the page. Those anchors helped users
to decide whether or not to follow a certain
navigation path for finding related information. In
information gathering tasks, locating information is
usually followed by looking for more relevant
information to the task topic for comparisons and
decision making. Research has shown that different
search and navigation interfaces achieved different
effectiveness results (Alhenshiri, et al., 2010, 2).
Consequently, locating information related to Web
sources and already gathered information is an
important subtask that should be further investigated
in Web information gathering tasks.

2.2.5 Comparing Information
Comparing information located for the purpose of
the task happens on the browser side of the retrieval
process. The user performs such comparisons in
different ways―yet mostly by reading text on the
presented Web pages (Roberts, et al., 2002). The
comparison process is meant for making decisions
about the types of information required in the task
(Zilberstein and Lesser, 1996). In current Web
search techniques, comparing information requires
reading a lot of text and scrolling over multiple
sources of information (Spink, et al., 2001).
Visualization is suggested to help with this process
by providing multiple features of the presented Web
documents to assist the user in making faster and
more effective decisions (Nguyen and Zhang, 2006;
Wiza, et al.,2004). Clustering Web information by
providing meaningful labels may also assist users
comparing sources of information. This subtask is
involved in all of the subtasks comprising the overall
information gathering task.
Comparing information is an important subtask
in information gathering that has been investigated
in isolation. Suvanaphen and Roberts (2004)
designed a search interface that allows users to
compare sets of results rendered to multiple queries.
The objective was to permit users to observe
similarities and differences among the result sets,

reduce the cognitive effort that would result from
switching from one result set to another, and enable
them to browse more effectively. Similarly, Havre,
et al. (2001) introduced Sparkler, a technique that
visualizes the results of multiple queries generated
as alternatives to a user query. The interface also
shows
the
contribution
of
each
query
alternative/component to the overall relevance of
documents in the result set. The usability test
showed that users preferred Sparkler to the row
presentation due to the ability to observe the
differences between the initial query and its
alternatives in the result set using the visual
presentation of Sparkler. Comparing information is a
common subtask in Web information gathering.
Enhancing the effectiveness of how users perceive
and compare information requires further
investigations in the context of a complete
information gathering task with a defined task goal.

2.2.6 Preserving and Re-finding Information
Information gathering tasks usually happen over the
course of multiple sessions (Spink, 1996; Mackay
and Watters, 2008). According to Sellen, et al.
(2002), 40% of information gathering tasks took
more than one session. Therefore, some subtasks
such as finding related information and comparing
information located for the task may require
preserving some or all of the information that were
retrieved in previous sessions. Research regarding
re-finding information on the Web has investigated
several techniques in the Web browser including the
back button, the browser history, and the list of
favourites and bookmarks. In addition, alternative
methods with similar behaviour to the
aforementioned techniques were investigated
including the mouse flick gesture for the back and
front buttons (Moyle and Cockburn, 2003), the use
of Bookmaps for visualizing the browser history and
bookmarked pages (Mountaz, 2000), and the use of
Landmarks for visual presentation of the browser
history (Mackay, et al., 2005).
Preserving search results of previous sessions to
be involved in later activities has also been studied
in the work of Teevan (2008). However, it remains
unknown which technique is the most effective with
regard to information gathering tasks. This is so
because visualization studies, such as in the work of
Yamaguchi, et al. (2004) and Mackay, et al. (2005),
measured how effective the presentation was in
permitting the user to only find previously preserved
documents. The effectiveness of involving refinding in comparing information within an
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information gathering task has not yet been
investigated. In addition, re-finding Web documents
for re-visitation requires more investigations
regarding not only ranking the mix of fresh Web
results and the previously preserved ones, but also
with consideration to the results presentation.

2.2.7 Organizing and Managing
Information
Organizing and managing information during Web
information gathering tasks is an important subtask.
Research has focused on investigating how users
manage their information for re-finding (Jones, et
al., 2003; Mackay, et al., 2005) and how they view
and manage desktop information in general (Knoll,
et al., 2009). Important reasons behind giving up on
certain personal information management tools were
discussed in the work of Jones, et al., (2008).
Strategies users follow to manage Web information
in order to be able to relocate and reuse previously
found information are discussed in the work of Jones
et al. (2003).
The work of Jones, et al. (2003) showed that
users—while gathering Web information—follow
different preserving strategies to re-find and
compare information later. Most users gather
information over multiple sessions (Spink, 1996;
Mackay and Watters, 2008), which indicates the
need for management strategies for preserving and
re-finding such information for reuse. The variety of
finding, re-finding, organizing, and management
strategies and approaches users follow while seeking
and gathering Web information can be related to the
fact that current Web tools lack important
reminding, integration, and organization schemes.
Jones, et al. (2008) found that users abandon the
use of an information management tool for one or
more of five closely related reasons which are:
visibility, integration, co-adoption, scalability, and
return to investment. These reasons need to be
further investigated in the case of Web information
gathering. The Web may reveal further reasons why
users use certain tools over others, why they do not
use the same tools, what tools do most users actually
use to keep track of their gathered information, and
how they maintain the consistency of their located
information. Other questions may include what tools
are actually supportive to information organization
and management during information gathering, if
any? Research has little consideration to factors that
would improve how Web users collect, manage,
compare, and organize their information for
information gathering tasks.
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2.2.8 Reviewing the Task
During information gathering, reasoning, and
decision making may occur at any time depending
on the task, the user expertise, and the tools used in
the task (Adar, et al., 2008). The process of
accomplishing the overall Web information
gathering task is affected by the user’s short term
memory, the number of sequences required in the
task, and the type of information being searched.
These factors necessitate that the user revisits and
reviews the task to make sure that the requirements
are accomplished and to make a decision about the
completion of the task. This subtask is an important
factor that has to be further investigated in the
presence of other subtasks in Web information
gathering in a controlled environment. Information
gathering tools and how information is provided to
the user to collect, compare, and make decisions
about the task should be further investigated.

3

DISCUSSION

Research has, so far, identified information
gathering as a very common activity on the Web and
which has its own characteristics. Information
gathering is a task concerned with collecting
information of various types from different sources
to satisfy a higher-level goal (Kellar and Watters,
2006). Information gathering usually takes more
time than other tasks (Mackay and Watters, 2008),
happens over the course of multiple sessions, and
has no specific tools that take the whole task into
consideration. Research has investigated several
aspects in Web information gathering. However,
there has been no consideration of the context of the
overall task in the investigation studies.
Visualization and clustering are two important
factors that have been investigated with regard to
improving the effectiveness of Web search tools.
Nonetheless, investigation has only been applied to
certain aspects of the subtasks in the information
gathering task as discussed above. In Web
information gathering, the concept of a complete
task should be further considered. The tools used in
the task and the challenges the user encounters while
trying to locate sources of information, compare
information and sources, re-locate information, and
find more related information should be
investigated.
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4

RESEARCH
RECOMMENDATIONS

Regarding research intended for investigating
improvements to each of the subtasks discussed
above, and hence to the overall task of Web
information gathering, several important practical
recommendations are summarized in the following
points.

4.1

Gathering Web Information
Sources

Gathering sources of information should be
investigated by using visualization and clustering
while emphasizing issues of trust and familiarity
with the sources being gathered and the tools used in
the gathering process. Using visualized features of
Web documents can help users make effective
decisions about the source of information being
presented. However, cluttered presentations through
the use of certain visualization layouts may degrade
the effectiveness of the interface since users are
practically used to raw text-based presentations
(Alonso and Baeza-Yates, 2003).

4.2

Gathering Web Information

Gathering Web information should be investigated
with regard to the presentation of Web information.
How many features the user can perceive at once on
the display is a crucial factor in satisfying the user
information need. Moreover, efficiency is a very
important factor since most users tend to look at
very few items in the search results list (Spink, et al.,
2001). Consequently, the type of presentation that
would assist users to find interesting information and
locate such information efficiently and effectively
should be investigated. The presentation should
involve aspects of visualization and textual
presentation allowing the user to choose the view
that suites the user information need and the topic of
the task.

4.3

Finding Related Information

Finding related information to the already gathered
sources and information can be improved by
utilizing clustering and visualization. Clustering can
assist users trying to locate Web information related
to sources gathered using search engines. In
addition, providing overviews of the hierarchy of
Web domains can assist users with gathering
information by navigation. Moreover, a Web

information gathering task may be concerned with
collecting information that belongs to different
sources and topics. Clustering may play a significant
role in improving this process. However,
investigation is needed with regard to the most
effective clustering criteria, i.e. genre-based and/or
topic-based clustering. In addition, the type of
presentation of the clustered results that would
benefit collecting related information should be
further studied, i.e. visual clustering and/or tabular
text-based clustering.

4.4

Comparing Web Information

With regard to comparing different types and pieces
of information located for a task, visualization can
play an important role by providing multiple features
of the presented Web documents to assist the user in
making faster and more effective decisions.
Clustering Web information by providing
meaningful labels may also assist users comparing
sources of information. Previous research
investigated the issue of comparing information in
Web search (Havre, et al., 2001; Suvanaphen and
Roberts, 2004). However, investigations usually
excluded the context of a complete task. Web
information is compared for making decisions about
the relevancy of results provided for individual
search queries. The need is to investigate tools that
can be used in reasoning and decision making within
the context of Web information gathering tasks.

4.5

Re-finding Web Information

Re-finding information for comparison and decision
making has not, so far, been investigated in Web
information gathering. In the information gathering
task, this issue should be further studied in the
context of a complete task. Research has studied refinding for the purpose of identifying efficient and
effective techniques in presenting preserved Web
information. Nonetheless, the need is to further
reinvestigate such techniques in the context of
information gathering and identify features that
would help users find, compare, and manage task
information.

4.6

Organizing Web Information

On the Web, research has only considered the case
of managing and organizing information for refinding (Jones, et al., 2003). How users organize and
manage information during Web information
gathering has had minimum consideration. Since
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information gathering on the Web may take several
sessions, involve looking at information from
different sources, and involve comparing
information that may belong to varied topics,
investigating organizational and management
strategies users follow on the Web is necessary.
Such
investigations
would
reveal
design
characteristics regarding tools needed for improving
the process of Web information organization and
unleash challenges users encounter with current
Web tools.

4.7

Interpreting and Reviewing
the Task

Interpreting and reviewing the task are important
subtasks in information gathering. Research should
further investigate these factors within the context of
a complete task by investigating how effective the
tools used in the task are in limiting the task
progress overhead. This can be done by
investigating visualization, clustering, and re-finding
as discussed above. Moreover, annotation is a
concept that can be investigated. Annotation may
assist users with managing and comparing the task
information especially in the case of a multi-session
information gathering task. Research shows that
users sometimes find it difficult to look back at
preserved bookmarks and documents in the
browsing history to re-find information (Mountaz,
2000). Annotation may improve the process of refinding by searching annotations applied to
preserved documents.

5

CONCLUSIONS

This paper presented some of the research that has been
conducted regarding gathering Web information. A
framework of the subtasks that comprise the overall task
of information gathering was developed and illustrated.
Some of the research that has investigated different
aspects in each of the identified subtasks was also
discussed. The paper provided practical recommendations
in the area of research concerning how users gather
information on the Web. Future work will investigate
some aspects of results presentation through the use of
visualization and clustering for seeking improvements
regarding Web information gathering tasks. In addition,
the concept of re-finding will be studied in the light of
visualization and clustering in addition to aspects of
annotation for improving Web information gathering tasks
of the multi-session nature.
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