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Abgtract
In this paper we present the conception and the evaluation of a visual information retrieval system for the Web. Our
work has been motivated by the lack of good user interfaces assisting the user in searching the Web. The selected

visualisations and the reasons why they have been chosen are explained in detail. An evaluation of these visualisa
tions as an add-on to the traditional result list is presented.

1introduction

Some of the main challenges of the Web are problems related to the user and his interaction with the retrieval sys
tem. There are basically two problems: how to specify a query and how to interpret the answer provided by the sys
tem. Surveys have shown that users have problems with the current paradigm of information retrieval systems for
Web search simply presenting a long list of results (Zamir, Etzioni 1998). These long lists of results are not very
intuitive for finding the most relevant documentsin the result set.

The above empirical findings motivated us to develop a new type of user interface for Web retrieval that supports
the user in the information seeking process by providing selected visualisations in addition to the traditional result
list. Systems combining the functionality of retrieval systems with the possibilities of information visualisation sys
tems are called visual information retrieval systems. An important aspect of visual information retrieval systemsis
their possibility to visualise a great variety of document characteristics allowing the user to choose the most appro-
priate for histask.

This paper presents our main design ideas developing a visual information seeking system called INSYDER®. In
chapter 2 we discuss, with the focus on the visualisations, the new features of the system. Chapter 3 presents our
synchronised visualisation approach of Web search results and the results of a summative evaluation. Conclusions
and an outlook are given in chapter 4.

2INSYDER - a Visual Information Retrieval System

During the development of the INSYDER system it was not intended to develop new visual metaphors supporting
the retrieval process. The main idea was to select existing visualisaions for text documents and to combine them in
a new way. Nowadays there are a lot of visualisations of search results in document retrieval systems available
(Hearst 1999). Our selection of existing visualisations was based on the assumption to find expressive visualisations
keeping in mind the target user group (business analysts), their typical tasks (to find business data on the Web), their
technical environment (typical desktop PC), and the type of data to be visualised (text documents). The primary

challenge from our point of view was the intelligent combination of the selected visualisation supporting different
views on the retrieved document set and the documents itself. The primary idea was to present additional informa
tion about the retrieved documents to the user in a way that is intuitive, fast to interpret and able to scale to large
document sets.

Another important difference of our INSYDER system compared to existing retrieval systems for the Web is the
comprehensive visual support of different steps of the information seeking process. The visual views used in

INSY DER support the interaction of the user with the system during the formulation of the query (e.g. visualisation
of related terms of the query terms with a graph), during the review of the search results (e.g. visualisation of differ-
ent document attributes like date, size, or relevance with a scatter plot or visualisation of the distribution of the rele-
vance of the query terms inside a document with a TileBar), and during the refinement of the query (e.g. visualisa
tion of new query terms based on a relevance feedback inside the graph representing the query terms).

The retrieval aspects of the visual information seeking system INSY DER have not been in the primary research fo-
cus. Nevertheless the system offers some retrieval features that are not very common in today's Web search engines
(Reiterer et a. 2000).

It isfor sure not new to combine visualisations and information retrieval aspects, but nowadays systems which do a
dynamic search with a document attribute generation and the different visualisations of these attributes and docu-
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ment inherent data are new. Our approach aimed at getting the highest added-value for the user combining comp o-
nents like dynamic search, visualisation of the query and different visualisations of the results and information re-

trieval techniques (e.g. query expansion, relevance feedback).
3 Visualisations supporting the Information Retrieval Process

3.1 Visual Query Formulation

From the literature it is well known that users have problems formulating their information need (Pollock, Hockley
1997). This led to the demand of methods to overcome the problem of lacking knowledge to formulate queries. The
idea of the visual query formulation is to help users to specify their information need more precisely using query
expansion techniques and visualisation. The query expansion is implemented using a knowledge base, which is built
upon terms and related concepts. Users can benefit from using it in two ways: either by changing their query terms
leading to a more precise result set or by expanding their original query with additional terms from the knowledge
base, which will result in a broadened result set, which could be much more satisfying, too. And as aside effect us-
ing terms from the knowledge base, spelling mistakes can be minimised, too. We propose a visual query, which will
show the user related terms for his query (Figure 1), taking into account other successful solutions and ideas from
automatic query expansion and query visualisation, e.g. (Voorhees, Harmann 1998), (Zizi, Beaudouin-Lafon 1994).
As an intuitive way to express the relation of terms, we propose to use a graph for their visualisations. The entry
point for the visualisations is the query entered by the user (e.g. WM\ visualisation). The original and the resulting
related terms are then presented in a graph and tree view. The graph view represents the terms with their "near” re-
lated terms. E.g. WWW is expanded to Web, Internet, Media, etc.. (see Figure 1). The tree view resembles the overall
term space and therefor contains all terms related to a distinct term. These distinction is made to keep the graph view
as easy as possible to survey. The broader related terms are displayed in the graph view using a hypertext metaphor
for navigation: Clicking on a term (e.g. Internet) will show all other related terms for this distinctive term, depend-
ing on the number of al the related terms (e.g. Hypertext, Usenet etc.), it may come up as a circle with the expanded
term as a centre (Figure 2). The two views are synchronised, which means that a term selection in the graph view
will select the equivalent in the tree view and vice versa. If the graph view does not contain the selected term from
the tree view, a new graph is created. Following the hypertext metaphor the visual query provides also a history
function, so that the user can keep track of different graphs.

T Covioer rimbe

B s

L K Comari

Figure 2: Examination of aterm

The retrieval system uses two approaches to rank documents. The standard ranking takes all terms into account for
its ranking, while the concept ranking takes the concepts from the knowledge base. These concepts can be weighted
by the user to express his information need more precisely. In the visual query we therefore have aso two ways
foreseen. The standard follows the description above. The concept ranking (by selecting the appropriate radio but-
ton), will expand the graph view in two ways. Using the context menu the user can select the weight of each con-
cept. A '+' sign is used as a marker for the importance, which will be shown above that term. According to the type
of ranking terms are added to the search terms by using the appropriate button. The search terms are displayed in an
own highlighted text entry field next to the button. Deleting the original search terms there (e.g. to take more precise



terms), the user can see them still in the upper entry field.
If the user uses the relevance feedback option of the system, the processis basically the same. The differenceisthat
instead of the user the system provides the entry point terms for the graph and term space.

3.2 Visualisation of Search Results
The main idea behind our visual information retrieval approach is to present additional information about retrieved

documents to the user in a way that is intuitive, fast to interpret and which is able to scale large document sets. One
important feature is the possibility to group documents that share similar attributes. We have used two different ap-
proaches depending on the additional information presented to the user:

Predefined document attributes: E.g. title, URL, server type, size, document type, date, language, relevance.
The primary visual structures to show the predefined documents attributes are the Scatterplot (a similar idea
could befind in Ahlberg et al. 1994) and the Result Table (Figure 6).

Query terms’ distribution: This shows how the retrieved documents related to each of the terms are used in the
query. The primary visual structures to show the query terms’ distribution are the Bargraph (a similar idea

could befindin Veerasamy et al. 1995), the TileBar (Hearst 1995) and the Stacked Column.
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Figure 5: TileBars Figure 6: Result table

The visual mappings of web documents we have chosen are text in 1D: Bargraph (Figure 4), TileBars (Figure
5), Stacked Column and text in 2D: Scatterplot (Figure 3). This final selection of the visual structures was based
on afield study, an extensive study of the state of the art in visualising text documents and the design goal to
orientate our visual structures as far as possible on typical business graphics. The field study shows that all us-
ers have agood understanding of this kind of graphics and use them during their daily work (e.g. in spreadsheet
programs). Similar conclusions, mainly based on an overview of the research donein the area of visualisation of
search results in document retrieval systems, can be found in (Zamir 1998).

Another important design decision was to use asynchronised multiple view approach. It offersthe user the pos-
sibility to choose the most appropriate visualisation view for his current demand or individual preferences. Our



approach has similarities with the idea of "Multiple Coordinated Views" with "Snap-Together Visualisation
(STV)" (North et al. 1999), e.g. offering the user coordinated views for exploring information.

3.3Evaluation

The primary goal of the summative evaluation was to measure the added value of our visualisations in terms of
effectiveness (accuracy and completeness with which users achieve task goals), efficiency (the task time users
spent to achieve task goals), and subjective satisfaction (positive or negative attitudes toward the use of the
visualisation) as dependent variables for reviewing Web search results. Knowing advantages of the multiple
view approach documented in user studies (North et al. 1999), we didn’t intend to measure the effects of having
Scatterplot, Bargraph and TileBar/Stacked Column (also called SegmentView) instead of the List and Table.
We wanted to see the added value of having these visualisationsin addition to the Table and List.

From the factors influencing the design of a visua structure (Mann, Reiterer 2000) we decided to vary target
user group, type and number of data, andtask to be done. These have been determined as the independent vari-
ables. Technical environment and training was identical for all tests. The test setting covered all combinations
of the different kinds of information seeking tasks (specific and extended fact finding), different kinds of users
(beginners and experts), amount of results (30, 500), number of keywords of each query (1,3,8) and the chosen
combinations of different visualisations.

A short entry questionnaire was used to record demographic data of each user. Then each user got a standard-
ised system demo using a predefined ScreenCam recording presenting each visualisation. After that each user
had about 10 minutes to get familiar with the system and to ask questions if he had problems using it (learning
period). The users were then asked to answer the 12 test task questions as quick as possible. During the tasks the
users were requested to "think aloud" to enable the evaluation team to understand and record their current ac-
tions. After accomplishing the test tasks the users had to answer a questionnaire of 30 questions regarding their
subjective satisfaction and to suggest improvements of the system.
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Figure 7: Evaluation results

Added val ues of the visualisations In most test cases the users made use of the visualisations (using only the visuali -
sation or using it in combination with the Result Table to answer the test questions). From thiswe conclude that the
majority of the users expected an added val ue of the visualisations.

Effectiveness: The effectiveness of the visualisation is measured with the help of the degree of fulfilling the test
tasks. E.g., if 8 out of the 12 tasks were solved, the effectiveness is 66,6% out of a maximum of 100%. As it can be
seen in the left part of Figure 7 (Effectiveness) there was no significant advantage of using a specific visualisation
combination. All visualisations performed nearly as good as the static list, which was used for reference purposes.
Efficiency: The efficiency of the visualisations has been defined as the effectiveness divided by the time the test per-
sons needed to fulfil atest task. As no absolute minimum or best time exists for this test setting, the values derived
are only comparable to each other. In Figure 7 (middle part) it can be seen that the Barchart combination performed
second of al visualisation combinations. If we take into account that the Static List is something familiar to the user
(well known from search engines), the Barchart has an outstanding role. Surprisingly it performs worst when look-
ing at the effectiveness, but asthe values arein asmall interval, we do not give too much strength to this effect. Also
the fact that the subjects often used the Scatterplot combination, and therefore probably expected a high added value
from using it, but had in realty alow valuein effectiveness and efficiency can be taken as a hint that training effects



could have a high influence on the results. Thiswill have to be evaluated in a next step.

User Satisfaction: The user satisfaction is derived from the final questionnaire based on a Likert-scale (-2 to +2).
Therefore positive and negative values occurred. For the user satisfaction an overall value has been calculated sum
marizing a number of questions. Figure 7 shows that this general impression of the visualisation was satisfying. This
means that the majority of the test persons thought that none of the visualisations are dispensable. They aso had the
impression that the visualisations helped them to solve atask. The subjective impression of the Scatterplot was the
worst. Users might have performed better, if they would have had more training time for the use of the Scatterplot
and by performing better, it is likely that they have a more positive attitude towards a distinctive visualisation. Inter-
estingly, most of the test persons were in a better mood after using INSY DER (positive mood before the test 92,5%,
after the test 97,5%).

Influence of target user group, type and number of data, type of task. The numbers of documents, the numbers of
keywords, the type of users, and the task type have shown to influence the efficiency of the visualisations.

4 Conclusion and Outlook

The results of the evaluation of our visual information retrieval system for the Web have notivated us to go ahead.
Our main design ideas for the development of a visual information retrieval system for searching the Web have been
successful. Most of the users make use of our synchronised multiple visual views and regarded them a nice enabling
technology to find the most relevant documents in the search result. The evaluation results have shown that effec-
tiveness and efficiency do not really increase when using visualisations, but the motivation and the subjective satis-
faction do. We assume that more training time is needed to use the sy stem effectively and efficiently.

Throughout the ideas presented above we are still working on the enhancement of the overall system. Thisincludes
the visualisations of the search results, developing specific filter functions supporting dynamic queries in combina
tion with our visualisations, the visualisation algorithmsand particularly the user interface of the whole application.
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