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ABSTRACT
The visualization of results is a critical component in search
engines, and the standard ranked list interface has been a
consistently predominant model. The emergence of social
media provides a new opportunity to investigate visualiza-
tion techniques that expose socially derived links between
objects to support their exploration. Here we introduce and
evaluate network-based visualizations for facilitating the ex-
ploration of a Web knowledge space. We developed a force
directed network interface to visualize the result sets pro-
vided by GiveALink.org, a social bookmarking site. The
classifications and tags by users are aggregated to build a so-
cial similarity network between bookmarked resources. We
administered a user study to evaluate the potential of lever-
aging such social links in an exploratory search task. During
exploration, the similarity links are used to arrange the re-
sources in a semantic layout. Users in our study prefer a
hybrid interface combining a conventional ranked list and
a two dimensional network map, allowing them to find the
same amount of relevant information using fewer queries.
This behavior is a direct result of the additional structural
information present in the network visualization, which aids
them in the exploration of the information space.

Categories and Subject Descriptors
H.5 [Information Interfaces and Presentation]: Hyper-
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1. INTRODUCTION
The organization and presentation of result sets is an on-

going research focus in information retrieval (IR). A common
convention is to present search results in an ordered list ac-
cording to some measure of relevance to the query. This
mode of interaction has been proven to be very useful for
conventional information retrieval tasks involving the look
up of answers to specific questions, or finding specific pieces
of information. However, other search tasks may be better
addressed by alternative result presentations.

Criticisms of conventional IR interfaces have been expressed
in the context of exploratory search. Marchionini [18] gives
an effective comparison and contrast between the informa-
tion needs of conventional ‘lookup’ search versus ‘learning’
and ‘investigative’ search. Whereas he mentions that the
information needs of ‘lookup’ search have been handled suc-
cessfully by conventional query based list interfaces, he ar-
gues that the latter two methods, which he categorizes as
‘exploratory search,’ are not well served by such approaches.
Methods of learning and investigative search often involve
discovering abstract relationships between result items that
go beyond similarities of content. We are focused on im-
proving search result interfaces in this context.

Our project concerns itself with exploratory search lever-
aging user generated metadata in the form of bookmarks.
This type of data can be used to uncover relationships be-
tween Web resources. We turn to social bookmarking [17]
as a form of Web page indexing well suited for exploratory
search. Social bookmarking provides users with a medium to
annotate pages once controlled exclusively by Web authors.

Many participants of social Web (a.k.a. Web 2.0) applica-
tions engage in an activity called tagging. Tagging involves
the use of social bookmarking tools to apply keywords or
classifications to Web pages in which users are interested.
Many online social sites also accept browser bookmarks from
users. We can compute similarities between online resources
by mining and aggregating individuals’ tag annotations or
the full hierarchical structure of their bookmarks [23, 19,
10, 5]. We use the terms ‘social links’ to refer to the seman-
tic relationships derived from user generated metadata, and
‘social search’ for IR applications that exploit such links.

The similarities between Web pages defined by social book-
marking applications can be used to form an undirected
weighted network. Strong relationships between pages in the
collection indicate that they are commonly classified in the
same or related bookmark categories, or that they are con-
sistently tagged with shared labels. The user’s rationale for
the association of Web pages as bookmarks is disregarded in



such a network. While users may choose to associate pages
for any number of diverse reasons, we assume that the as-
sociations are on average meaningful. The purpose of this
paper is to evaluate the potential of exploiting such social
links to visualize search results.

Many methods of arranging search results have been at-
tempted, using various graph visualization and interaction
approaches. Herman et al. [9] and Kules et al. [12] pro-
vide good reviews of graph visualization techniques. These
approaches have been proposed in a variety of different do-
mains including music [21], medical and healthcare informa-
tion [3], and general search [2, 4, 24, 11, 15, 6]. In partic-
ular, Hu et al. [11] and Allan, Leuski et al. [1, 16] provide
direct comparisons of the effectiveness of list and visualiza-
tion based interfaces in goal oriented IR tasks showing that
hybrid visualization/list approaches improve retrieval task
performance by reducing user query reformulations. Hu et
al. [11] also reveal that modulating size and color of result
nodes improves user performance. Here we build upon these
findings by further exploring the use of network visualiza-
tion in two directions: (i) the effectiveness of social links
as the underlying relationships, and (ii) the application to
exploratory search tasks.

The underlying data for conventional IR systems differ
from those of social search systems. Nevertheless, the ‘query
plus ranked list of results’ model is still the conventional in-
terface. We hypothesize that by leveraging intuitive notions
of similarity as proximity [14], users have a better chance of
finding meaningful information.

A well defined set of pages, along with their social simi-
larity links, allows the resulting network structure to be vi-
sualized with conventional network layout techniques. This
arrangement of page nodes exposes more of the structure of
the underlying network. Since one of the common goals of
an exploratory search process is an analysis of the relation-
ships between result items offered in the corpus content [18],
the network visualization approach can be seen as offering a
distinct advantage over list based visualizations, which only
expose the relationship between items on a single ordinal
relevance scale. Here we put these ideas to the test through
a user study.

2. NETWORK VISUALIZATION
We used the social bookmarking site GiveALink.org as

an environment in which to experiment with the visual-
ization of social semantic networks in exploratory search.
The GiveALink system, developed by our group for research
purposes, provides us with a socially-derived similarity net-
work between bookmarked Web pages (nodes), the details of
which are outside the scope of this paper and can be found
elsewhere [20, 19, 23]. Here we only sketch the salient fea-
tures of the social search engine and its notion of social links.
Bookmark annotations are aggregated across users so that
if many users classify two pages in the same category, or tag
them with the same keywords, then the two resources will
have a high similarity.

The resulting similarity network in GiveALink supports
the retrieval of pages related to a given URL query. GiveALink
does not mine individual Web pages for their text or other
content. To handle keyword queries, we parse and index
annotation words — tags, categories, titles and descriptions
— of the bookmarked resources. Results are retrieved by
matching the query to the indexed keywords. GiveALink

Figure 1: The network visualization applet.

then computes a relevance score by combining the number
of keywords matching the query with the strength of each
page. The strength of a node, defined as the sum of the
similarities associated with its incident edges, is a measure
of the node’s centrality in the network. A central page tends
to be of general interest, being related to many others. In
our experiment we limit the result set to the top ten relevant
resources per query.

We designed and developed a visualization applet in Flash
to render search results as a network. Given a query, the ap-
plet retrieves an XML formatted result set from a GiveALink
Web service and displays each document as a node in the
map. The result set contains information about relevance
scores, node strengths, and similarity among results. To vi-
sualize the social links between pages, their pairwise similar-
ity is applied as a spring acting between the nodes according
to a force directed graph placement method [7]. The applet
calculates the position of each document as a real time phys-
ical simulation of attracting and repelling forces.

Each result node is colored according to the relevance of
the page using a simplified ‘heat’ color gradient from yellow
to red. The coloration was chosen to continuously alter both
the hue and saturation so as to be detectable by individuals
with color vision impairments. The size of each node is also
scaled according to its centrality; more central nodes are
smaller. This was done to emphasize nodes that are more
specific to the query topic.

Finally, page previews were made available by hovering
the mouse cursor over each node, allowing for a ‘details
on demand’ approach recommended by Schneidermann [22].
This effect, along with the results of a typical queried Web
page network, are visible in a screenshot of the visualization
interface in Fig. 1.

3. EXPERIMENT SETUP
Visualizing a set of search results as a network is not a

trivial rearrangement of a list in two dimensions. In addi-
tion to selecting and ranking the results, search engines also
incorporate the display of additional information about each
result. This typically includes, in addition to the title and
link to the result, a summary or ‘snippet’ of the result text:



Figure 2: The list interface.

Figure 3: The hybrid interface.

a few descriptive sentences, or a relevant section of the page
that relates to the query terms [13].

The inclusion of additional per-result information has be-
come a standard feature for commercial search engines such
as google.com and yahoo.com. Such a combination of ranked-
list arrangement with extended result context has shaped
the expectations of search engine users. However, the snip-
pets of text limit novel arrangements of results, due to the
difficulty of accommodating legible paragraphs of text in
a dynamic two-dimensional layout. Furthermore, snippets
have been shown to be helpful in informational tasks, but
degrade performance for navigation tasks [8]. Therefore,
rather than attempting a direct comparison between the net-
work layout and the conventional search engine display of
results, we made an experimental design decision to remove
snippets from all interfaces. We naturally expect this to
affect the perceived utility of the interfaces, but feel it nec-
essary to better focus the study on the issue of structural
positioning of results based on social links, independently of
the textual context that any interface might add.

Study participants were solicited through a call for partic-
ipation distributed to departmental and IR interest mailing
lists.1 One of three search interfaces was selected at random
and assigned to each participant. The interfaces included
a ‘map’ interface (using the network layout discussed above

1Indiana University IRB study #07-12006

Figure 4: The annotation panel.

and shown in Fig. 1), a ‘list’ interface (visible in Fig. 2),
and a hybrid interface combining the two (Fig. 3). We at-
tempted to control the experiment as much as possible by
providing the results in each of the interfaces with the same
features: title text, hyperlink, and a pop-up preview of the
result page. Relevance ranking was represented by the or-
dering in the list and by node color in the map. The title
text appeared only upon hovering on the nodes in the map
(along with the preview), providing for a weaker textual
context than available in the list. On the other hand, the
map had the additional context of the layout based on social
links, and the result specificity represented by node size.

To evaluate these interfaces in the setting of an exploratory
search task, each subject was asked to consider various top-
ics from the following list:

• American presidential elections electoral colleges
• Alternative energy sources
• Artificial life
• Impressionism
• Partial differential equations
• Communism socialism fascism democracy
• Lung cancer
• Cosmic background radiation

The topics chosen reflect areas with adequate coverage in
the corpus indexed by GiveALink and concerning domains
deemed relatively unfamiliar to most participants.

We recorded relevant content discoveries as ‘annotations.’
We asked the subject to copy and paste helpful Web page
content while they were viewing a resource linked from our
interface. This content could be text, image links, or what-
ever they deemed to be important. Once a user navigated to
a target Web page, two frames were presented, one contain-
ing the target Web page and the other a text box to record
relevant information. Fig. 4 illustrates this interface. At any
time, the user could enter a new query in the assigned navi-
gation interface to retrieve another result set for the current
topic. When done exploring one or more of the topics, the
user answered a brief exit survey before ending the study.

4. RESULTS
We recorded each user’s queries, URLs visited, and anno-

tations made during topic exploration. We then compared



Figure 5: Number of queries submitted by the aver-
age user per topic, including the original topic query.
Users who explored more than one topic contribute
multiple data points. The error bars in this and the
following charts represent ±1 standard error around
the mean. The number of queries for the hybrid
group is significantly lower than for the list group
with p = 0.03. We cannot statistically differentiate
the other pairs (p = 0.15 for hybrid vs. map and
p = 0.40 for map vs. list).

Figure 6: Number of annotations submitted per
user, per topic. Users contribute a data point for
each topic they explored. There are no statistically
significant differences between the means (p > 0.7).

groups of users based on which interface they were assigned.
Specifically we looked at the number of queries performed
per topic, the number of search results visited per query,
number of annotations per topic, and the number of topics
explored by each participant. We also asked them to rate
the usefulness of the interface and the quality of the infor-
mation in the search results. Overall, we collected results
from 65 participants, providing a total of 219 queries and
161 annotations.

The experimental results in Fig. 5 indicate that subjects
using the hybrid navigation interface performed significantly
fewer queries per topic than those using the list interface. On
the other hand, no statistically significant differences were
found in the number of annotations users provided per topic
(Fig. 6). Similarly, users followed approximately the same
number of results per query and explored the same number
of topics, regardless of which interface they used.

Therefore users of the hybrid interface were able to gather
similar amounts of relevant knowledge using fewer queries.
These findings suggest that those who saw both views of the
results side by side (their social links in addition to their
rankings) explored the topics more efficiently.

Among users who submitted only one query, ratings varied
from the strongly negative to the strongly positive for all in-

Figure 7: Ratings by group when asked about how
much the interface helped exploration of the topics.
The hybrid interface was rated more highly than the
list interface (p = 0.024). The ratings for the map
interface cannot be statistically differentiated from
either the hybrid or the list interfaces (p = 0.3 and
p = 0.13 respectively).

Figure 8: Ratings by group when asked about the
usefulness of the data. The differences are not sta-
tistically significant (p > 0.4).

terfaces. Those who interacted more with the interfaces had
more consistent responses. For evaluating the closing ques-
tionnaire we chose to include only results from users who
performed more than one query. This ensures that the qual-
itative evaluations of the subjects were based on a baseline
level of experience with the interface. The result of this de-
cision is a reduction in the variance of likert-scored results,
without a statistically significant change in mean.

When asked about the usefulness of the interface for the
task, users in the hybrid group gave significantly higher rat-
ings than those in the list group (Fig. 7). Thus, it appears
that the addition of the visualization of the social links be-
tween search results assists in the exploration task.

The rating for the quality of information is similar across
all interfaces (Fig. 8). This indicates that the interfaces
alone did not affect the user’s perception of the search result
quality — indeed the results presented were identical.

5. CONCLUSIONS
The preliminary results in this paper show that there is

promise in the visualization of social similarity relationships
between search results to complement the traditional ranked
list arrangement. By comparing the interfaces solely on the
basis of how they lay out the results, in the absence of text
snippets, we find that participants prefer a hybrid approach.
Furthermore, the hybrid method is more ‘efficient’ in that
users generate the same number of annotations with signifi-
cantly fewer queries. Our findings for the exploratory search



task are consistent with those of prior information visualiza-
tion research applied to conventional ‘lookup’ retrieval tasks.

However, participant evaluation of the hybrid interface
in its current incarnation was not overwhelmingly positive.
This may have been a function of the perceived quality of
the data, or it may have been due to the lack of familiar text
summaries, which several participants mention in the open
ended comments. While we made a conscious design deci-
sion to exclude summaries for reducing the number of free
variables and improving experimental control, an important
direction for future work is the design of network interfaces
capable of incorporating all of the contextual information
currently displayed in ranked lists, including snippets. How-
ever, the inclusion of summary text must be done in such a
way that positioning and legibility requirements are met.

The primary purpose of the experiment described here
was to evaluate the potential for network layouts of search
results based on social links. Many potential additions to the
interface could be investigated, as well as alternative layout
algorithms and sources of similarity data. As an immediate
follow-up of this work we will implement a prototype net-
work navigation applet to be integrated into the GiveALink.
org site, to expose this social interface to a broader commu-
nity of users.
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