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ABSTRACT: The evolutionary nature of the web and the massive amounts of information posted on daily basis make it
necessary to continuously attempt to improve the relevancy of web search results. Finding results that best suit the needs
of every individual is a very challenging problem. In most cases, what users attempt to achieve on the web is beyond a
simple request that can be answered through submitting a simple search query. The concept of a task has been of interest
to those attempting to improve the effectiveness of users retrieving web information. In this paper, the most common type of
task on the web which is information gathering was taken into consideration. The research presented here concerns a
visual interface that uses visualization, visual query reformulation, and visual clustering as factors intended to improve
the process of web information gathering. A user study was conducted to evaluate the Visual Search Engine (VSE). The
results indicate that the use of visual features improved the effectiveness of users gathering web information. The VSE was
compared to Google in the study. The paper presents recommendations for future research directions.
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1. Introduction

The World Wide Web has become a primary source of information with large numbers of documents distributed widely on the
web (Callan et al., 2007; Ferragina and Gulli, 2005; Manning et al., 2008). Millions of pages are updated or added every day
while others are removed (Zaveskey et al., 2008). The web content is vast, dynamic, and heterogeneous. To permit users to
find information of interest, web search engines have emerged. Conventional search engines, such as Google, produce
thousands or even millions of matches. Nonetheless, relatively few items can be listed per screen; this is exacerbated by
redundancy and irrelevancy in the results. The vast content and the differing formats of web documents are factors that may
contribute to irrelevancy in search results.

The rendering process in most conventional search engines presents a list of links per display with textual content attached
to each link. The user may have to scroll over multiple pages to find relevant results. However, it has been shown that about
87% of web search users do not look beyond the first three results (Hoeber, 2008; Hoeber and Yang, 2007; Spink et al., 2001).
At which point, users either modify the search query or switch to a different search tool (Solis-Oba and Alhenshiri, 2007).
Although web search engines have implemented different ranking techniques for the purpose of improving the relevancy of
the first few ranked results, information mismatching and overloading remain significant problems in web Information Retrieval
(web IR) according to Tao and Li (2009).

Information visualization takes advantage of the innate abilities of users for perceiving, identifying, exploring, and
understanding large amounts of data (Card et al., 1999; Friendly, 2008). Visualization is of interest to research in web
information retrieval to improve users’ interactions with web search engines. We argue that utilizing search results’ features
such as document URL, title, summary, and thumbnail-augmented with visualization and clustering-may improve the
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effectiveness of users in searching the web. Integrating visualization in the web search process aims to combine computation
and high bandwidth human perception (Vincente and Rasmussen, 1990; Youssefi et al., 2004). The VSE utilizes the users’
visual capabilities to improve query construction and results presentation.

Alhenshiri et al. (2010, [2]) presented a model in which the task of web information gathering was divided into subtasks
involving activities of similar nature which users perform on the web during the task. Finding information sources, finding
actual information on web pages (sources) and locating related information for the task of web information gathering is the
focus of the VSE. The interface is meant to help users to locate information more efficiently and effectively. This was done
through exploiting visualized results presentation, visual clustering, and visual query reformulation.

The remainder of the paper is organized as follows. Section II illustrates the related research work. Section III explains the
research motivation. Section IV describes the design and implementation aspects of the VSE. Section V discusses the
evaluation approach and the user study. Section VI provides a discussion of the research findings. Finally, Section VII
concludes the paper and highlights future research directions.

2. Research Rationale

In web IR related research, visualization is usually incorporated in two stages of the web search process, query reformulation
and results presentation. When combined with clustering, visualization can further benefit the process of web information
retrieval. The following sections discuss related research to each of these factors.

2.1 Visualizing Query Reformulation
The goal of providing a visual tool for query construction and reformulation is to involve the user more effectively. Kawano
(2000) designed a search engine that extends the original user query for enhancing the relevancy factor in the results. It
extends the original query with keywords from a database of web documents gathered by a web crawler. The keywords are
selected from metadata and other parts in the documents. The interactive graphical interface in this approach allows users to
see the keywords with their associated weights. During the evaluation process, users were able to effectively utilize 45.5% of
the suggested terms to construct alternate queries, and 84.8% of those queries consisted of more than two keywords. A
similar idea can be seen in the search engine Quintura (www.quintura.com).

The overall relevance of search results to the user query has been used for ranking search results by most search engines.
However, the contribution of each term in a multi-term query to the overall relevance of the results is not usually considered.
Bonnel et al. (2006) argued that permitting the user to assign ranks to query terms may provide more satisfactory results.
Consequently, Grewal et al. (2000) presented a visualization technique called Result Wheel (R-Wheel for short). The purpose
of this mechanism was to allow users to allocate a percentage of significance to each query term by shading the term’s
corresponding segment on the wheel. Experiments showed that using the R-Wheel approach resulted in correctly ranking
web documents.

2.2 Visualizing Results Presentation
To provide better perceptions of graphically rendered search results, Mukherjea et al. (1999) presented a visualization
technique that incorporates a scatter plot and a bird’s eye view for a tabular visualization of search results. Although
satisfaction with the presentation was recorded, the delay in manipulating the results was a significant shortcoming. Bonnel
et al. (2006) introduced clustering along with visualization in the presentation of web search results. The goal was to obtain
various search topics from the collection of returned results. They provided both 2D and 3D representations. A 3D City
Metaphor defined the layout that allowed users to see the different clusters based on color differences. Visualization was
intended to show different features of the results in an easy-to-perceive manner. The overall assessment of this approach
indicates above average satisfaction. However, it is worth mentioning that dealing with 3D metaphors may complicate the
process of navigation and exploration.

Although techniques that use visual presentations as their standard rendering method, such as the search engine Kartoo1
discussed by Kunz and Botsch (2002), to provide additional features over textual presentation-based approaches, these
techniques are not yet widely adopted by users. Alonso and Baeza-Yates (2003) argued that the familiarity of current web
search engines with text-based rendering is what causes users to avoid visualization-based techniques. Consequently,

 1 http://www.kartoo.com



  20    International Journal of Information Studies   Volume  3   Number   1  January   2011

Alonso and Baeza-Yates (2003) introduced a visualization method for web search results that relied entirely on text rendering.
Their technique provided two text views of the results: the strip view and the thumbnail view. Users see a large number of
documents in the strip view listed by title, and magnify the document of interest in the thumbnail view. Although this
technique is quite simple, further improvements in this case of text-only presentation are hard to envision. This is due to the
limited characteristics of text compared to visual objects.

Cellary et al. (2005) introduced a search interface that exploits varied characteristics in web search results. In their system,
Periscope, the 3D metaphor consists of multiple levels corresponding to different categorizations of the search results. Users
could navigate and explore features of the search results such as document size and web server source. Although a wide
range of features is exploited in the categorization of results in Periscope, the display suffered from visual noise and clutter.
Visual noise has been shown to degrade the effectiveness of visualizations for nonprofessional users (Abrams and Law,
2002; Shidara and Richmond, 2006).

Joho and Jose (2006) investigated the effectiveness of four presentation layouts for search results namely: text only, text
accompanied with summaries (three ‘bolded’ Top Ranked Sentences within a page, TRS), text with thumbnails of the page,
and text with TRS and thumbnails. The study showed that users found the presentation of text summaries accompanied with
thumbnails and the TRS was the most effective. Teevan et al. (2009) evaluated the effectiveness of visual snippets compared
to text and thumbnail presentations. Visual snippets consist of thumbnails augmented with selected parts of the text on the
web page. They found that visual snippets permitted users to complete their search and re-search tasks faster and more
effectively.

2.3 Visualizing Clustering
A cluster, in document retrieval, is a collection of documents grouped together based on their similarity (Manning et al., 2008).
To be understood by users, each cluster is given a particular label to describe the content of the cluster. Kobayashi et al.
(2006) attempted to solve the biggest problem in web search which is the rapid increase of information on the web. They
clustered web search results in a hyperbolic tree. Users could navigate through search results faster and easier. The system
utilized HTML tags to classify web pages according to their content. The title of a web page was used for labeling clusters
of search results.

The clustering process was done as follow: each web page was regarded as one cluster; features of each web page were
stored in vectors; after storing the documents’ features, the system compared the inner elements of the vectors. Then
clusters were compared to each other for constructing bigger clusters. The interface provided users with categorized results
on one screen rather than moving through many result pages. However, the nodes of search results were provided on the
hyperbolic tree without summarizing each result page which made it hard on users to recognize the usefulness of the results’
content.

Suvanaphen and Roberts (2004) introduced an interface that relied on multiple cards in a three dimensional space. On those
cards, each document was represented as a node. The documents that had a hyperlink to other documents were linked
visually on cards. The card, which was presented in focus after a user submitted his/her query, had the most relevant results.
When a user submitted a query, the system put the query terms on the screen of the interface to help users select among
those keywords. When users wanted specific documents, they could select among these keywords to see the nodes that
contain them highlighted. Hence, the interaction between the user and the system was effective. However, the scalability of
this system was limited. Massive numbers of results could cause clutter and make navigating through the results less
effective.

The findings of the relevant research show that several problems and disadvantages remain for users using visualized search
techniques. In this research, our goal is to reduce those disadvantages by incorporating visualization and clustering utilizing
document features obtained from search engines including URL, title, summary, size, last update, and page thumbnail in the
design of the VSE. We hypothesize that such features—when presented visually—may enhance the effectiveness of query
reformulation and result presentation.

3. Motivation

Relevant results for user queries typically reside somewhere among the list of hits provided by the search engine. The large



International Journal of Information Studies   Volume  3   Number   1  January   2011                   21

number of matching documents and the textual list format make it hard for users to find such results. To satisfy the requirements
of a larger task, finding related information to the sources and information already gathered can be rather hard with a list of
hits. To assist users attempting to find relevant information during information gathering tasks, the VSE design was motivated
by the following factors:

• Visualization should make the best use of the display to render results of large hit sets in an easily understood form.

• The use of visualization should incorporate features of web documents such as the page size, last update, thumbnail, and
the page similarity to other pages in the result set in order to provide detailed insights into the documents returned to the user
(Kules et al., 2006).

•Visual clustering can help users to find information related to the topic of interest and minimize the effect of information
overloading.

•The design of visualization techniques should consider the kind of user and the type of task. Most web search users are
casual users without specific search training (Laycock, 2009).

4. Design and Implementation

The research behind the design and implementation of the VSE is motivated by several factors to enhance the user’s
effectiveness in gathering web information. Due to the complexity of information gathering tasks (Alhenshiri et al., 2010, [2])
and the usual need for multiple search sessions to complete the task (Mackay and Watters, 2008), the user usually encounters
several difficulties during the task as illustrated by Alhenshiri et al., (2010, [3]). Information gathering tasks are complex in
nature. They usually imply acquiring information from multiple sources, usually over multiple sessions, and comparing
information for effective decision making. Among the difficulties users encounter during the task are difficulties with finding
information on the web which indicates the lack of effectiveness in the usual list-based presentations in web search engines.
In addition, difficulties with finding, re-finding, and organizing information is a major issue during this type of task. Users may
also find it difficult to compare information instantly in the list of hits provided by traditional search engines.

The need for better presentations of search results has become increasingly important (Jacso, 2007). To improve access to
web search results and, hence, the effectiveness of users gathering information on the web, a prototype visualization tool
(VSE) was designed and implemented. The design of the VSE relies on four main principles. First, the VSE uses two underlying
search engines, namely Google and Microsoft’s search engine, WindowsLive. Second,an alternate query is generated based
on the user query. A single term query is augmented with additional terms to create an alternate query using the semantic
network WordNet (Miller,1990; Moldovan and Mihalcea, 2000). In the case of multiple term queries, an alternate query is
generated by randomly reordering the keywords of the original query. The third principle is the incorporation of a query
reformulation area. The VSE infers keywords and complete phrases from the search results. These query components are
presented along with the search results. The user can select terms and phrases in the reformulation area to build further
queries. Finally, the VSE uses visual clustering based on content similarities among search results (topical clustering).

The VSE is designed to enhance the user’s ability to see relevant results through the use of visual clustering, visual ranking,
and visual views of the web pages presented to the user. In addition, providing the user with query alternatives on the
display along with the search results was intended to enhance the user’s ability to spot relevant query terms and concepts
and immediately resubmit search queries. The study illustrated in Section 5 demonstrates the effectiveness of the VSE with
regard to those aspects and shows that the overall process of information gathering on the web was improved through the
use of the VSE.

4.1 Search and Response
Each time the user submits a new user query, an alternate query is created as discussed above. Both queries are submitted to
both Google and WindowsLive. The resulting documents are examined to eliminate repeated matches. Then, the derived
results are further manipulated to build clusters of similar documents using agglomerative hierarchical clustering (Manning,
2008). Clustering is done based on the cosine similarities of the content of the web pages. The results presented by the VSE
are not ranked in the sense of a list of hits as in traditional web search engines but rather using the size of the glyph inside
the cluster to indicate the rank of a document. The bigger the glyph the higher the rank that was given by the underlying
search engine. Zooming into the clusters reveals the difference in size (rank) among the results produced by the VSE. The
VSE analyzes document summaries to infer keywords and phrases to be shown to the user in the query reformulation area.
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For each document, the VSE derives a thumbnail from the publically available Google preview directory. The VSE uses
thumbnails attached to titles as recommended in the work of Teevan et al. (2009). The system allows the user to enable/
disable the use of alternate queries and page thumbnails and to set the document similarity threshold.

Figure 1. The VSE interface

4.2 The Interactive Search Interface
The interactive interface was designed to enhance the user’s ability to find relevant results for a search query. This is done
based on three main principles: visualization, visual clustering, and interactive query reformulation. On the left upper side of
the VSE interface shown in Figure 1, results are presented as visual glyphs containing document titles and webpage thumb-
nails. On the display, similar documents are connected via edges to form a cluster implements a simple content-similarity-based
clustering that utilizes document summaries provided by the underlying search engine. Users can click on any glyph to either
open its corresponding page in the web browser or hide the glyph from the display to reduce clutter. Moreover, the system
provides drill-down capabilities. Users can hover over a glyph to magnify its content and reveal the document statistics,
summary, and URL. Document statistics include size, PageRank value, and last update. The right side of the VSE interface in
Figure 1 provides a view of the document statistics. Moreover, the interface offers the user the ability to search within the
results.

The third principle is interactive query reformulation. Along with search results, the VSE presents users with alternate query
terms and phrases as shown on the lower part of the VSE interface in Figure 1. The VSE selects terms and phrases from the
document summaries returned by the underlying search engines. The terms and phrases are presented to the user in a separate
view on the displayes display. The priority of displaying which alternatives is given to the phrases that the VSE produces over
individual terms. This is done to reduce the effect of clutter on the display of query alternatives. The interface provides
immediate search and response. It allows the user to enable and disable several parts such as document statistics, document
thumbnail, edges representing content similarities, and the display of results derived for either the alternate query or the
original one. In addition, users can see the actual content of a page in the web browser. As a result, users with different query
building skills can easily use the VSE.
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5. VSE Evaluation

To evaluate the VSE, a user study was conducted. The study investigated the ability of the VSE to improve the effectiveness
in performing information-gathering tasks on the web. Kellar et al. (2007) classified web tasks as fact-finding, information
gathering, and navigation. In both fact finding and navigation tasks, the documents sought by the user are usually specific
and they require some previous knowledge about the document content. Therefore, the results are usually either relevant or
non-relevant. Information-gathering tasks, on the other hand, achieve results that depend on the user’s search expertise. This
study investigated four main factors: the ability of users to find relevant results effectively and efficiently, the number of topics
(types of information) covered in the results, the number of queries needed by the user to finish the task, and the number of
pages the user had to open in the web browser to satisfy the task requirements. In the study, the VSE was compared to Google,
which is considered to be the most frequently used search engine (www.searchenginewatch.com).

5.1 Study Location and Population
The user study was carried out in the Faculty of Computer Science at Dalhousie University using a Linux machine loaded with
the Chromium web browser and the VSE. The Chromium web browser was chosen because of its ability to record the data
required in the study. Sixteen participants took part in this study. The participants were mainly computer science students
including six undergraduate and ten graduate students. The participant set was comprised of nine males and seven females.

5.2 Study Design
The design of the study was complete factorial in which all combinations of the tasks and the two systems (Google and VSE)
were used. The study design was within-subjects and counterbalanced so that each participant experienced all conditions in
different random orders. This design limits the effect of order.

5.3 Study Tasks
The search tasks were of the information gathering type and they were intended to encourage participants to find asmany
pages related to the task as needed. Each task was created following the guidelines described in (Kules and Capra, 2008) and
summarized in the following:

• The task description should indicate uncertainty, ambiguity in information need, or need for discovery

• The task should suggest knowledge acquisition, comparison, or discovery

• It should provide a low level of specificity about the information required in the task and how to find such information

• It should provide enough imaginative contexts for the study participants to be able to relate and apply the situation

The following is a description of one of the tasks used in the study:

“Use the given Search Engine to gather web pages that include information about how to use the java
programming language in transforming html documents into images. The pages you find should give someone
a good idea about the task’s topic. You can submit up to five queries only, and you should not go beyond one
page of results for each query you submit. You can also view results in the web browser.”

5.4 Study Methodology
To ensure fairness in the comparison between the VSE and Google, WindowsLive was not used during the study and the
number of results was restricted to 20 hits per query for both the VSE and Google. Each participant received a short training
session using one demonstration task on the VSE. Then, each participant was asked to perform one information-gathering task
on each of the VSE and Google. Two different tasks were assigned randomly to each participant to perform on each of the
search engines. The two search engines had the same chance of being used first to eliminate any learning effect. After
performing the search task, each participant was asked to report the number of relevant results and the number of topics (or
types of information) covered by those pages. Each participant was asked to state their confidence level in the results (on a
Likert scale).

After performing the tasks on both the VSE and Google, each participant was asked to complete a post-study survey. In this
survey, the participants were asked to answer questions in which the VSE and Google were compared. Finally, participants
were asked to provide their own comments regarding the VSE and possible improvements envisioned by the participants. The
participants spent a total of 20 minutes on average to complete the study.
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5.5 Study Data
The data collected in the study included logged data as well as surveys’ data. The log data included the time-on-task and the
number of pages opened in the web browser using both the VSE and Google. In addition, while participants were working on
their tasks, the machine logged all the search queries. The survey data included answers to questions in the surveys. The
questions were used to compare the VSE to Google with respect to the ease of use, the effectiveness with respect to finding
relevant pages, and the effectiveness of the query reconstruction feature as well as other visual features of the VSE such
asvisual clustering and the use of page thumbnails. The survey data was collected using five-point Likert scales (1 for worst
and 5 for best). The analysis of the data considered answers of 1 and 2 as negative choices and answers of 4 and 5 as positive.
The answer of 3 was eliminated. Finally, the data involved qualitative comments reported by the participants.

5.6 Study Results

5.6.1 Task Effect
To ensure that there was no effect of the tasks used in the study, the analysis took into account measuring the task effect
through the time-on-task and the user confidence. In both cases, the results of ANOVA showed that there was no significant
effect of the tasks in the study. The ANOVA results with regard to the time-on-tasks were f=1.97, p<0.20. With respect to the
user confidence in the task results, the ANOVA results were f=0.27, p<0.61.

5.6.2 Efficiency
Since the aim of the study was not to measure the response time to each query, the overall time-on-task was taken into
consideration for analysis. The task completion time was less using the VSE with an average task time of 6.5 minutes compared
to Google with an average of 8.2 minutes. Although there was no significant difference with regard to the time-on-task between
the VSE and Google (ANOVA, f=0.49 p<0.50), there is a good indication that the more familiar the users become with the VSE,
the faster they will perform. The users in the study had a very limited chance to use the VSE while most of them were very
familiar and well-experienced with using Google as they indicated in the debriefing.

5.6.3 Effectiveness (Quantitative Performance Results)
Effectiveness was measured with regard to the number of relevant pages located for the task on each search interface, the
number of topics (information types) discovered in the results, the number of pages participants had to open on the browser
(click behaviour), and the number of queries they had to submit in order to achieve the task. The VSE was shown to be more
effective than Google with respect to those criteria. The quantitative results are shown in Table 1. The ANOVA results showed
a significant difference between the VSE and Google (f=41, 3 <0.003) with respect to all of the above evaluation metrics.
Figures 2, 3 and 4 provide illustrations of the differences between the two search tools.

Table 1. Quantitative Statistics
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Figure 2. Pages located for the task

The difference between the VSE and Google with regard to the number of queries submitted to the search engine shows that
users of the VSE needed fewer queries to complete the task. Since the VSE and Google had the same chance of being used
first, the results of this factor show that the VSE allowed users to discover relevant results faster and more effectively find
what they were looking for. In addition, users of the VSE had to open fewer pages in the web browser in order to ensure the
validity and relevancy of the selected pages to the task at hand. The view of results using the page thumbnails and
summaries, and the page’s cluster allowed users to think ahead and make quick decisions about whether to open a particular
page or not; resulting in more effectiveness.

Figure 3. Pages opened on the browser during the task
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Users of the VSE submitted fewer queries to achieve the tasks. This indicates that users were able to find relevant results on
the view of the VSE more effectively. Another possible interpretation is that users were able to see valuable query terms and
phrases in the query components provided by the VSE. The alternate queries may have been effective and lead to more
relevant results faster. Finally, users of the VSE discovered more relevant results and were able to cover more types of
information in the results than in the case of using Google. The results of this factor indicate that the use of visual clustering
may have helped users discover more topics and types of information related to the task.

Figure 5. Comparison of the user confidence with the VSE and Google

Figure 4. Queries submitted for accomplishing the task
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5.6.4 Effectiveness (Survey Results)
Regarding confidence with the results, the study showed that the participants were more confident with their choice of pages
using the VSE than they were with Google. Figure 5 shows the effectiveness of the VSE compared to Google with respect to
user confidence. The difference between the VSE and Google with respect to user confidence in the task results was not
significant according to ANOVA (f= 0.85, p<0.37). In addition, analyzing the data of the questionnaires showed that 65% of
the participants reported that the VSE is better than Google, that the VSE makes it easier to find the intended results, and that
it makes query reformulation more efficient. Finally, 71% of the participants considered the VSE as a more helpful search tool.
Figure 6 shows the subjective ratings. The z-test results show no significant difference between the two proportions of
ratings of the VSE and Google (z =1.42, 3 = 0.08).

5.6.5 Effectiveness (Subjective Comments)
The last part of effectiveness-related results was the qualitative comments provided by the participants. Participants provided
40 comments, which were categorized by the researchers into four types namely: comments related to the query reconstruction
area, comments about the visual view of the results, comments regarding visual clustering, and comments related to finding
relevant results. The comments regarding the VSE were 80% positive. The first set of comments concerned the query
reconstruction aspect of the VSE. All of those comments were positive. The visual view of the results showed that 70% of the
participants regarded the VSE as better for viewing web search results. The negative comments expressed concerns with the
result presentation layout and the slow movement of the glyphs on the display. One participant stated, “The VSE keeps me
focused and interested in what I am doing, but I do not like the slow movement of the connected glyphs”. According to the
z-test, there was a significance difference between the two proportions of comments (z =2.79, 3 <0.004).

Figure 6. Post-study questionnaire ratings of the VSE compared to Google

Clustering documents based on their content similarity received all-positive comments. The last group of comments was on
the easiness in finding relevant results. Only 28% of the qualitative comments were negative One of the participants stated,
“I would like to set and learn more about everything in the VSE so that I can use it in a more effective way”. The qualitative
comments indicated that the VSE was more efficient with respect to allowing its users to quickly spot relevant documents on
the display without having to open each document in the web browser. Figure 7 shows the distribution of the qualitative
comments among the four groups.

5.7 Study Limitations
Due to limited resources, the study was conducted with the participation of computer science students only. In addition, the
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 number of participants was limited to only sixteen individuals who may reflect early adopters. Also, the choice of information
gathering tasks does not allow the generalization of the study results to other task types. Finally, it was hard to hide the
identity of the VSE and Google during the study since the two interfaces use completely different layouts and present search
results differently.

Figure 7. Subjective comments

6. Discussion

The study, while small, showed that presenting web search results visually accompanied with query reconstruction components
(keywords and phrases) and document information required submitting fewer queries, viewing fewer pages on the browser,
discovering more relevant results and types of information, and spending less time on the task. In addition, the exploitation
of document features provided by the VSE’s underlying conventional search engine including the page URL, title, summary,
thumbnail, and document statistics in addition to the visual clustering of similar pages lead to improving the effectiveness in
gathering information on the web.

The effectiveness of the VSE was based on the number of relevant pages found by the user for the task, the number of topics
(or types of information) in those pages, the number of queries submitted, and the number of pages opened by the user in the
web browser. Utilizing visualization in addition to providing different features of the search results along with query
construction components created a better environment for the user to accomplish the information gathering tasks given in
the study. During web information gathering, users attempt to locate relevant results to the task, find results that belong to
different sources, and compare results for decision making. The VSE, through its visual features, helped its users to find more
relevant results faster than in the case of Google. Moreover, in most cases, it was enough for the users of the VSE to rely on
the visual clustering to ensure that related results within the cluster could be selected for the task. Clustering helped users
of the VSE to cover more topics in the results selected for the task. Finally, the use of the query components (terms and
phrases) assisted users in selecting more effective queries which resulted in submitting fewer queries to the VSE than the
number of queries that were submitted to Google to accomplish the task.

Furthermore, that the view of the search results found in the VSE was more effective than the presentation of Google was
demonstrated in the survey results and the qualitative user comments. For example, the participants’ ratings favored the VSE
presentation over Google’s. In addition, participants were more confident in their decisions regarding the task results with
the VSE than they were with Google. The qualitative comments showed a significant difference between the two tools with
regard to the query construction and results presentation approaches.
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Previous research has investigated visualization and clustering in web results presentation and query formulation. However,
most of the evaluations performed on prior systems and interfaces were concerned with the effectiveness of the search
technique in simple query-response contexts. In web information gathering, the user may have to gather different sources of
information, find further related information to the located sources, and re-find information that was previously located
(Alhenshiri et al., 2010, [2]). The implementation of the VSE took these activities into consideration. The visual view included
document statistics, categorization of similar documents, and query components. Consequently, users found it more effective
to gather information using the VSE.

In further research, the VSE will be improved by incorporating the ability to preserve and re-find task information. Information
may include documents (pages) kept for later re-finding and reusing, parts of documents, active search sessions, and user
annotations on the task information. Re-finding is an activity that is usually very frequent during information gathering tasks
accounting for 53.27% of the total activities (Mackay and Watters, 2008). Also, the design of the VSE will consider testing
with different layouts. Particularly, the current clustering caused some clutter during the tasks and different visualizations of
the clusters will be investigated. Finally, visual clustering will be investigated using genre-based clustering in addition to
topic-based clustering.

7. Conclusion

In this paper, a visual search engine that utilizes multiple underlying search tools to provide visual search results, visualized
clusters, web document statistics, and query reconstruction components was presented. A user study was conducted to
evaluate the effectiveness of the VSE. The results of the study showed that the VSE model for presenting web search results
improved the effectiveness of users searching the web for information gathering. Future research would focus on testing
different layouts for presenting search results and search results clusters. Future studies will also investigate the effectiveness
of the VSE in other subtasks of the web information gathering task such as preserving and re-finding web information.

References

[1] Abrams, A. R. and Law, B. M (2002). Random Visual Noise Impairs Object-based Attention. Journal of Experimental Brain
Research 142 (3), p. 349-353.
[2] Alhenshiri, A. Shepherd, M., Watters, C., and Duffy, J (2010). Web Information Gathering Tasks: A Framework and
Research Agenda. the International Conference on Knowledge Discovery and Information Retrieval (KDIR2010), Valencia,
Spain, 2010, pp.131-140.
[3] Alhenshiri, A., Shepherd, M., and Watters, C (2010). VISTO: for Web Information Gathering and Organization. The 4th
Workshop on Human-Computer Interaction and Information Retrieval (HCIR2010), New Brunswick, NJ, USA, p. 7-11.
[4] Alonso, O. and Baeza-Yates, R (2003). Alternative Implementation Techniques for Web Text Visualization. the 1st Latin
American Web Congress, California, USA, p. 202-204.
[5] Bonnel, N., Lemaire, V., Cotarmanac’h, A., and Morin, A (2006). Effective Organization and Visualization of Web Search
Results. The 24th IASTED International Multi-Conference on Internet and Multimedia Systems and Applications, Innsbruck,
Austria, p. 209-216.
[6] Broder, A (2002). A Taxonomy of Web Search. ACM SIGIR Forum 36 (2), p. 2-10.
[7] Callan, J., Allan, J., Clarke, A., Dumais, S., Evans, D. A., Sanderson, M., and Zhai, C (2007). Meeting of the MINDS: an
Information Retrieval Research Agenda. ACM SIGIR Forum 2 (41), p. 25-34.
[8] Card, S. K., Mackinlay, J. D., and Shneiderman, B (1999). Readings in Information Visualization: Using Vision to Think.
Morgan Kaufman Publishers, San Francisco, CA, USA.
[9] Cellary, W., Wiza, W., and Walczak, K. 2005. Visualizing Web Search Results in 3D. Computer Journal 37 (5), IEEE Press,
New York, p. 87-89.
[10] Ferragina, P. and Gulli, A (2005). A Personalized Search Engine Based on Web-Snippet Hierarchical Clustering. Special
Interest Tracks and Posters of the 14th International Conference on World Wide Web, Chiba, Japan, p. 801-810.
[11] Friendly, M (2009). Milestones in the History of Thematic Cartography, Statistical, Graphics, and Data Visualization. York
University Archives, Canada, Retrieved on March 10, 2009, from http://www.math.yorku.ca/SCS/Gallery/milestone/
[12] Grewal, R. S., Jackson, M., Burden, P., and Wallis, J (2000). Visual Representation of Search-engine Queries and their
Results. The 1st International Conference on Web Information Systems Engineering, vol. 1, Hong Kong, p. 352-356.
[13] Hoeber, O (2008). Web Information Retrieval Support Systems: The Future of Web Search. The IEEE/WIC/ACM
International Conference on Web Intelligence and Intelligent Agent Technology, Milano, Italy, p. 29-32.



  30    International Journal of Information Studies   Volume  3   Number   1  January   2011

[14] Hoeber, O., and Yang, X. D (2007). Visual Support for Exploration within Web Search Results Lists. Conference Compendium
of the IEEE Information Visualization Conference, California, USA, p. 157-167.
[15] Jacso, P (2007). SAVVY SEARCHING: Clustering Search Results. Part I: Web-wide Search Engines, Online Information
Review 31 (1), p. 85-91.
[16] Kawano, H (2000). Overview of Mondou Web Search Engine Using Text Mining and Information Visualizing Technologies.
The International Conference on Digital Libraries, Kyoto, Japan, p. 234-244.
[17] Kellar, M., Watters, C., and Shepherd, M (2007). A Field Study Characterizing Web-based Information-Seeking Tasks.
Journal of the American Society for Information Science and Technology 58 (7), p. 999-1018.
[18] Kobayashi, T., Misue, K., Shizuki, B., and Tanaka, J (2006). Information Gathering Support Interface by the Overview
Presentation of Web Search Results. The 2006 Asia-Pacific Symposium on Information Visualisation. Darlinghurst, Australia,
Australia.: ACM, p.103-108.
[19] Joho, H. and Jose, J. M. (2006). A Comparative Study of the Effectiveness of Search Result Presentation on the Web.
Lecture Notes in Computer Science, SpringerLink, vol. 3936, p. 302-313.
[20] Kules, B., Kustanowitz, J., and Shneiderman, B (2006). Categorizing Web Search Results into Meaningful and Stable
Categories Using Fast-feature Techniques. The 6th ACM/IEEE-CS Joint Conference on Digital Libraries, NC, USA, p. 210-
219.
[21] Kunz, C. and Botsch, V (2002). Visual Representation and Contextualization of Search Results: List and Matrix Browser.
The International Conference on Dublin Core Metadata Applications, Florence, Italy, p. 229-234.
[22] Laycock, J. 2008. Most Search Engine Users Still Naive. Search Engine Guide. Retrieved March 19, 2009, from http://
www.searchengineguide.com/jennifer-laycock/
[23] Mackay, B., and Watters, C (2008). Exploring Multi-session Web Tasks. The 2008 ACM Conference on Human Factors in
Computing Systems, Florence, Italy, p.4273-4278.
[24] Manning, C. D., Raghavan, P. and Schutze, H (2008). Introduction to Information Retrieval, Cambridge University Press,
USA.
[25] Miller, G. A. 1990. WordNet: An On-line Lexical Database. International Journal of Lexicography, 3 (4), p. 285-303.
[26] Moldovan, D. and Mihalcea, R (2000). Using WordNet and Lexical Operators to Improve Internet Searches. IEEE Internet
Computing, 4 (1), p. 34-43.
[27] Mukherjea, S., and Hara, Y (1999). Visualizing World-Wide Web Search Engine Results. In IEEE International Conference
on Information Visualization, London, UK, p. 400-405.
[28] Rose, E. D., and Levinson, D (2004). Understanding User Goals in Web Search. The 13th International Conference on
World Wide Web, New York, NY, USA, p. 133-142.
[29] Shidara, M., and Richmond, J. R. 2005. Effect of Visual Noise on Pattern Recognition. Journal of Experimental Brain
Research 163 (2), p. 239-241.
[30] Solis-Oba, R. and Alhenshiri, A (2007). Improving Results for Short Web Queries Using Preserved Query Knowledge.
The 1st International Conference on Digital Communications and Computer Applications, Amman, Jordan, p. 634-649.
[31] Spink, A., Wolfram, D., Jansen, M., and Saracevic, T (2001). Searching the Web: The Public and Their Queries. Journal of
the American Society for Information Science and Technology 52 (3), p. 226-234.
[32] Suvanaphen, E., and Roberts, J. C (2004). Textual Diffrentce Visualization of Multiple Search Results Utilizing Detail
Context. The Theory and Practice of Computer Graphics 2004 (TPCG’04), Washington, DC, USA: IEEE, p. 2-8.
[33] Tao, X., Li, Y (2009). Concept-Based, Personalized Web Information Gathering: A Survey. The 3rd International Conference
on Knowledge Science, Engineering, and Management, Vienna, Austria, p.215-228.
[34] Teevan, J., Cutrell, E., Fisher, D., Drucker, S. M., Ramos, G., Andre, P., and Hu, C. (2009). Visual Snippets: Summarizing Web
Pages for Search and Revisitation. The 27th International Conference on Human Factors in Computing Systems, Boston,
MA, p. 2023-2032.
[35] Vincente, K. J., and Rasmussen, J (1990). The Ecology of Human Machine Systems. Ii. Mediating ‘Direct Perception’ in
Complex Domain, Journal of Ecological Psychology 2 (3), p. 207-207.
[36] Youssefi, A., Duke, D. and M. Zaki (2004). Visual Web Mining. The 13th International World Wide Web Conference on
Alternate Track Papers and Posters, New York, NY, USA, p. 394-395.
[37] Zaveskey, E., Chang, S., and Yang, C (2008). Visual Islands: Intuitive Browsing of Visual Search Results. The International
Conference on Content-based Image and Video Retrieval, Niagara Falls, ON, Canada, p. 617-626.




