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Abstract
We introduce topic-relevance map, an interactive search
result visualization that assists rapid information compre-
hension across a large ranked set of results. The topic-
relevance map visualizes a topical overview of the search
result space as keywords with respect to two essential infor-
mation retrieval measures: relevance and topical similarity.
Non-linear dimensionality reduction is used to embed high-
dimensional keyword representations of search result data
into angles on a radial layout. Relevance of keywords is es-
timated by a ranking method and visualized as radiuses on
the layout. Similar keywords are modeled by nearby points
and more relevant keywords are closer to the center of the
radial display. We evaluated the effect of the topic-relevance
map in a search result comprehension task where 24 par-
ticipants were summarizing search results and produced a
conceptualization of the result space. Topic-relevance map
significantly improves participants’ comprehension capabil-
ity compared to a ranked list.
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Figure 1: An illustration of the Topic-Relevance Map. The
distance from the center represents relevance for a keyword. The
angle between keywords represents their topical similarity.

Introduction
Search systems often present the retrieved information as
a relevance-ranked list of documents [6], forcing the user
to scan through the ranked list and pick sufficiently rele-
vant documents from the top. In many cases users are not
looking for a single highest-ranked document, but the ini-
tial query is issued to broadly comprehend the information
space [8]. This requires proficiency in information literacy
based on the result list and poses problems detecting top-
ical subspaces within the list [1]. A promising solution is
to visualize the search result space for the user [2]. Unlike
a ranked list, which uses one dimension (ranking), visual-
ization methods allow additional dimensions to represent
search results, with two main types: visualizing topics or
terms within retrieval results (i.e. content of a result docu-
ment) and visualizing an overview of results [3].

We present topic-relevance map, a novel overview visu-
alization approach considering two dimensions essential
for search results: topical similarity and relevance. Topic-
relevance map organizes keywords representing the search

results onto a radial layout. Non-linear dimensionality re-
duction is used to embed high-dimensional keyword rep-
resentations into angles on the radial layout. Relevance of
keywords is estimated by a ranking method and visualized
as radiuses on the radial layout. As a result, similar key-
words are modeled by nearby points, dissimilar keywords
are modeled by distant points, more relevant keywords are
closer to the center of the radial display, and less relevant
keywords are distant from the center of the radial display.
Figure 1 illustrates the underlying principle.

We study the effectiveness and user behavior of topic-
relevance map in a search result comprehension task;
skimming and understanding the structure and concep-
tualization of the search results by creating a conceptual
structure organized as main topics and their subtopics. In
experiments 24 users comprehended the search results re-
trieved in response to eight pre-defined queries. The results
suggest the topic-relevance map yields a more compre-
hensive understanding of search results than a compari-
son system that visualized topics within the search result
list. This demo complements our long paper ([4]; see also
[5]) and lets IUI attendees use the topic-relevance map to
comprehend search results from a huge scientific article
database.

Topic-Relevance Map
The design principles behind the topic-relevance map are:
1. The map should illustrate, in a compact manner, the full
result space of topical information across all search results.
2. The map should efficiently show the estimated relevance
of each topical content. 3. The map should compactly show
relationships among the topical content. Figure 2 illustrates
the topic-relevance map. It represents topical content of
search results based on keywords in the result documents,
and organizes keywords as directions on a radial layout.



Figure 2: A screenshot of the interface in response to a search query "Brain Plasticity". Left: The visualization and the ranked list of search
results. In the visualization, the inner area (gray background) shows the top ten keywords related to the search query; the outer ring around it
shows a set of other keywords clustered and the most important in each cluster highlighted. Right: the workspace where particants could drag
keywords. The workspace was placed under the visualization as a floating element to ensure equal screen estate with the baseline system.

It has two main areas: an inner area shows top-ten key-
words representing the most relevant topics, and an outer
ring shows all other keywords representing other topics in
the search results. The inner area represents the search:

Visualization method. We
optimize a data-driven layout
for keywords, by nonlinear
dimensionality reduction of
their topical content. We
quantify goodness of a
layout by analyzing neigh-
borhood relationships in the
high-dimensional topical-
features space and the
low-dimensional angles on
the topic-relevance map.
Two keywords can be called
neighbors if their topical fea-
tures are similar: we define
an input neighbor probability
as a Gaussian falloff with
respect to distance between
topical features of keywords.
On the outer ring, two key-
words seem neighbors if they
have close-by angles: we de-
fine an output neighbor prob-
ability as a Gaussian falloff
of angular distance. We op-
timize angles by minimizing
Kullback-Leibler divergence
of input and output neigh-
borhoods. We create topical
features of keywords from
lookup searches, emphazis-
ing each top keyword in turn
and estimating relevance of
other keywords by Bayesian
linear regression.

the closer a keyword is to the center the more relevant it
is. The outer ring shows other keywords: topically similar
keywords are arranged to similar angles; keywords form
angular clusters representing directions in the information
space. Keywords are colored according to the clustering;
the most relevant keyword of each cluster is given, the rest
shown as dots for clarity. The inner area is also arranged
along angular directions, and with radial positions repre-
senting relevances. Top keywords act as signposts along
angular directions towards clusters of keywords along the
directions. Users can inspect clusters with a fish-eye lens.

Our interface directly supports key tasks in Shneiderman’s
[7] taxonomy of tasks for information visualizations, includ-
ing the visual information seeking mantra overview first,
zoom and filter, details on demand, and relate. Overview:
the map shows an at-a-glance overview of keyword content
in the search results: top keywords, keyword relevances,
groups of keywords as directions. Zoom and filter: the
fisheye lens lets the user zoom into a parts of the visualiza-
tion. Details on demand: hovering over a keyword high-
lights it on the radar and in documents where it appears.
Relate: the map shows data-driven relationships of key-
words by co-location along similar directions in the visual-
ization, as well as direct co-occurrences in documents.



Experiments
We measure the effect of the visualization component on
information comprehension performance. We compared
the proposed system to one that is otherwise the same but
does not have the visualization component, only the con-
ventional result list. Both systems listed keywords under
each result document. 24 participants from two universi-
ties performed a task in which they had to comprehend
and summarize search results; the scenario was "You are
searching information about a pre-defined topic using an
information retrieval system. Your task is to comprehend
the topic by describing, at least two, main concepts related
to the overall topic and describe as many as possible sub-
concepts related to each main concept." Participants were
asked to use a two-level hierarchical conceptualization: 1.
Find as many main topic keywords, but at least two, that
you find important to cover the overall topic. 2. Find as
many subtopic keywords under each main keyword that
you find important to cover the main keyword. Participants
stored their conceptualization by dragging keywords to
a workspace component (Figure 2 right) during the task,
then used it to compose a written answer. Eight topics were
used in the experiment: Human Memory, Web Design, Cog-
nition, Distributed Systems, Language Processing, Kernel
Function, Wearable Sensors, and Compiler Design. Two as-
sessors assessed the relevance of main topic and subtopic
keywords and the subtopic keywords on a Likert scale.

Results in brief. Participants inspected the search results
using the topic-relevance map. Recordings of mouse move-
ments showed that over one third of the time the users
inspected the search results using the map. Participants
selected significantly more and more comprehensive set
of keywords from the map than from the result list. The
topic-relevance map improved the comprehension outcome
for the main topic keywords, but no overall difference was

found in case of the subtopic keywords. This suggests that
the visualization enabled participants to obtain a broader
view on the search results, but did not help gather better
information under an individual subtopic.
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