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Abstract 
In this paper we present the conception and the evaluation of a visual information seeking 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 why they have been chosen are explained in detail. A focus of this paper is on the 
evaluation of these visualisations as an add-on to the traditional result list presentation. 

1 Introduction 
Some of the main challenges of the Web are problems related to the user and his inter-action 
with the retrieval system. There are basically two problems: how to specify a query and how 
to interpret the answer provided by the system. 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 documents in the result set. The empirical study by (Jansen et al. 
2000) shows how users search the Web. The findings of this study are very interesting for de-
signers of information retrieval systems for the Web. The main conclusion of this study is that 
Web search users seem to differ significantly from users of traditional IR systems (like online 
databases, CD-ROMs and online public access catalogues). As a field of future work the au-
thors of the study address “[…] to support the continued research into new types of user inter-
faces, intelligent user interfaces, or the use of software agents to aid users in a much simpli-
fied and transparent manner” (Jansen et al. 2000, 226). 

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 visu-
alisations in addition to the traditional result list. Systems combining the functionality of re-
trieval systems with the possibilities of information visualisation systems are called visual in-
formation seeking systems. An important aspect of visual information seeking systems is their 
possibility to visualise a great variety of document characteristics allowing the user to choose 
the most appropriate for his task. 

This paper presents our main design ideas developing a visual information seeking system 
called INSYDER. Chapter 2 gives a brief explanation of the typical information seeking ac-
tivities that could be supported by a visual information seeking system. In chapter 3 we dis-
cuss, with the focus on the visualisations, the new features of the INSYDER system. Chapter 
4 presents our synchronised visualisation approach of Web search results and the results of a 
summative evaluation. Conclusions and an outlook are given in chapter 5. 
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2 Information Seeking on the WWW 
One of the first steps when dealing with information seeking systems is to get an idea how to 
describe the information seeking process best. A good example for a high level task approach 
is the four phase framework for information seeking by (Shneiderman, Byrd, Croft 1997):  

§ Formulation: expressing the search  

§ Action: launching the search  

§ Review of results: reading messages and outcomes resulting from the search 

§ Refinement: formulating the next step  

For the development of the INSYDER system we have chosen this framework, because from 
the user's point of view it covers all phases of the information seeking process in comprehen-
sive way. Various other models describing the information seeking process can be found in 
(Hearst 1999). 

3 New features of the INSYDER 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 visualisations 
for text documents and to combine them in a new way. Nowadays there are a lot of visualisa-
tions of search results in document retrieval systems available. Our selection of existing visu-
alisations was based on the assumption to find expressive visualisations keeping in mind the 
user target group (business analysts), their typical tasks (to find business data on the Web), 
their technical environment (typical desktop PC and not a high end workstation for extraordi-
nary graphic representations), 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 it-
self. The primary idea was to present additional information 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 INSYDER support the interaction of the user with the sys-
tem 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 different document 
at-tributes like date, size, relevance of the document set with a scatter plot or visualisation of 
the distribution of the relevance of the query terms inside a document with a TileBar), and 
during the refinement of the query (e.g. visualisation of new query terms based on a relevance 
feed-back inside the graph representing the query terms).  

The retrieval aspects of the visual information seeking system INSYDER have not been in the 
primary research focus. Nevertheless the system offers some retrieval features that are not 
very common in today's Web search engines (cf. (Reiterer, Mußler, Mann 2000)).  

It is for sure not new to combine visualisations and information retrieval aspects, but nowa-
days systems which do a dynamic search with a document attribute generation and the differ-
ent visualisations of these attributes and document inherent data are new. Our approach aimed 
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at getting the highest added-value for the user combining components like dynamic search, 
visualisation of the query and different visualisations of the results and information retrieval 
techniques (e.g. query expansion, relevance feedback). 

 
Figure 1: Result Table 

 

Figure 2: Prototype View of the Visual Query 

4 Visualisations supporting the Information Seeking Process  
The scientific discipline Information Visualization offers a variety of approaches to provide 
visual representations of very large abstract information spaces. The aim is to use computer-
supported, interactive, visual representations of abstract data to amplify cognition (Card et al. 
1999). The research focus for the visual representations used in INSYDER is put on the re-
view of results phase of the framework presented above. From the users point of view this is 
the most interesting. The formulation phase is also very important, as the users there define 
their information need. The implementation and design of the visualisation support for this 
phase is still under development, therefore only first ideas are presented in brief. 

4.1 Visual Query Formulation 

Users have problems formulating their information need (Nielsen 1997), (Pollock, Hockley 
1997). The idea of the query visualisation is to help users to specify their information need 
more precisely using query expansion techniques and visualisation. From the literature it is 
well known that the average query consists of one or two query terms. This led to the demand 
of methods to overcome the problem of lacking knowledge to formulate queries. Therefore 
we propose a visual query, which will show the user related terms for his query (see Figure 
21), taking into account other successful solutions and ideas from automatic query expansion 
and query visualisation, e.g. (Voorhees, Harmann 1998), (Zizi, Beaudouin-Lafon 1994). 

4.2 Visualisation of Results of the Information Seeking Process 

The main idea behind our visual information seeking approach is to present additional infor-

                                                 
1 For an enlarged version of the Figures and Table of this paper, see http://kniebach.fmi.uni-
konstanz.de/pub/german.cgi/d340648/mc20001Reiterer_etal.html 
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mation about retrieved documents to the user in a way that is intuitive, fast to interpret and 
which is able to scale large document sets. There are two categories of additional information 
that could be visualised: visualisation of document attributes, and visualisation of interdocu-
ment similarities. The second category intends to reduce the multidimensional document 
space to a 2-D or 3-D space so that the users will be able to visually perceive the relationships 
between documents. Typical approaches are document networks, spring embeddings, cluster-
ing, self-organising maps. Our approach is restricted to the first category: the visualisation of 
document attributes. One important effect is the possibility to group documents that share 
similar attributes. We have used two different approaches depending on the additional infor-
mation 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 at-
tributes are the Scatterplot and the Result Table.  

§ 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` distri-
bution are the Bargraph, the TileBar and the Stacked Column.  

The visual information seeking system INSYDER is not a general-purpose system like tradi-
tional search engines (e.g. AltaVista). Its context of use is to support small and medium sized 
enterprises (SMEs) of specific application domains finding business information on the Web. 
So the findings of general empirical studies like the above mentioned are useful in principle 
but have to be completed with more specific requirements. Therefore at the beginning of the 
project a field study has been conducted, using a questionnaire that has been answered by 73 
selected companies (SMEs) in Italy, France and Great Britain. The aim was to understand the 
context of use (ISO 9241 Part 11) following a human-centred design approach (ISO 13407). 
The following requirements are based on this field study. The typical users of the application 
domains of the INSYDER project are experts in one of the two business domains: building 
and construction or CAD software. They are typically no experts in information seeking using 
information retrieval systems. They know the Web and have some limited understanding of 
search engines. Based on the experiences of the field study different task scenarios using an 
information seeking system like INSYDER to find business information have been devel-
oped. Our field study shows that the formulation of the information needs is normally done in 
an unstructured text. The typical technical environments of the users are business PCs. The 
study has shown that the processing power, the RAM, and the size of the screen is limited. So 
we had to keep this in mind and therefore it was not possible to use sophisticated 3D visuals 
structures only available on high-end PCs or special workstations. 

Therefore the visual mappings of web documents we have chosen are text in 1D (Bargraph, 
TileBar, Stacked Column) and text in 2D (Scatterplot). This final selection of the visual struc-
tures was based on the above suggestions of the field study, an extensive study of the state of 
the art in visualising text documents (Mann 1999) and the design goal to orientate our visual 
structures as far as possible on typical business graphics. The field study shows that all users 
have a good 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 
done in the area of visualisation of search results in document retrieval systems, can be found 
in (Zamir 1998).  

Another important design decision was to use a synchronised multiple view approach. It of-
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fers the user the possibility to choose the most appropriate visualisation view for his current 
demand or individual preferences. Our approach has similarities with the idea of "Multiple 
Co-ordinated Views" with "Snap-Together Visualisation (STV)" (North et al. 1999), e.g. of-
fering the user co-ordinated views for exploring information. Other examples of visual infor-
mation seeking systems following a multiple view approach can be found in e.g. (Ahlberg et 
al. 1995).  

But there are still some drawbacks in this multiple view approach: The user interface of the 
system becomes more complex and therefore could be harder to use. The user can choose an 
inappropriate visualisation for a specific situation. To intercept the possible drawbacks a 
number of guidelines have been considered. The visual structures have been adapted to each 
other in colour, orientation and the overall style. The visualisations are synchronised in a way 
that a selection in one representation of the search result set will be updated immediately in 
the other representations. 

The default presentation of the search results is a so-called  JAVA  Result Table. The main differ-
ence to the traditional result list of search engines is that all available attributes of each 
document are shown in different columns of the table. Each row shows one document. The 
user has the possibility to sort each document attribute in an increasing or decreasing order or 
to customise the table to his personal preferences (e.g. to show only the attributes he is inter-
ested in or to rearrange the order of the columns). Figure 1 shows an example of the Result 
Table for the query visual data mining and its results. On the left there are the different 
Spheres of Interest, while on the right the user sees the Result Table and an integrated 
browser which shows a preview of the actually selected document.  

The use of the   Scatterplot was mainly inspired by the visual information seeking systems 
Envision (Nowell et al. 1996) and FilmFinder (Ahlberg et al. 1994). A scatter plot is a 2D 
visual structure showing two variables of each document. Each document is represented by a 
blue coloured dot. The X and Y dimensions encode two document attributes. There are three 
predefined scatter plots available, each with a fixed definition of the X and Y dimension (see 
Figure 3): date/relevance; server type/number of documents; relevance/server type. The user 
also has the possibility of defining his X and Y dimensions using the available attributes for 
each document. The Scatterplot offers the user an easy way to navigate through the document 
space on the set level to find interesting search results. In Figure 3 the user has chosen the 
dimension server type classification on the y-axis and document type classification on the x-
axis. It can be seen that most documents of the query come from commercial sites. The 
documents are classified into 5 categories. A square-box with a numeric label (number of 
documents) represents a document group (e.g. belonging to the same category or having the 
same relevance). Moving the mouse over a dot or square-box launches a tool tip showing im-
portant document attributes like title, size, date, category, and an abstract. Tool tips are avail-
able in all visual structures. To support the exploration of the search results the user can select 
documents or groups of documents via mouse click and a double-click on a dot launches the 
selected document in the Web browser. 

The use of the   Barchart was mainly inspired by the work of (Veerasamy et al. 1995). The 
original idea of Barcharts has been adapted in several ways. Firstly, to have the same way of 
displaying the documents like in the other views where document details are given (Result 
Table, TileBar, Stacked Column), a horizontal orientation has been chosen. Therefore the 
Barchart is rotated by 90 degrees: top down instead of from right to left. Secondly the impres-
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sion of a document as an entity is emphasised by using Gestalt principles, without disturbing 
the keyword orientation too much. The colours used for the different keywords are the same 
as for TileBars and Stacked Column. Each Barchart represents one document and shows the 
distribution of the relevance for each keyword of the query and the total relevance for the 
document. Therefore it is easy to detect if a document deals with one or more of the different 
keywords of the query. The headings of each column can be sorted in an increasing or de-
creasing order. This function offers the user the possibility to view the distribution of the 
relevance of each keyword individually. Figure 4 shows the same document collection as in 
the Scatterplot view. The red dots at the beginning of each line symbolise that these docu-
ments have been selected (e.g. in the Scatterplot view). The visualisation shows that the first 
document in the view seems to be the most relevant one, as all three keywords that have been 
searched for appear in the document with high relevancy. As described above, also in this 
view documents can be selected or deselected. 

 

Figure 3: Scatterplot 

 

Figure 4: Barchart view 

The visual structure   TileBar allows a deeper visual analysis on the document level, 
whereas the Scatterplots and Barchart are helpful on the document set level. The use of the 
TileBar was mainly inspired by the work of (Hearst 1995). Each document is represented by a 
rectangular bar, which is displayed next to the title of each document. The length of the rec-
tangle indicates the length of the document. The bar is subdivided into rows that correspond 
to the keywords of the query. Each keyword is represented by a different colour. The bar is 
also subdivided into columns, where each column refers to a segment within the document. 
Keywords that overlap within the same segment are more likely to indicate a relevant docu-
ment than keywords that are widely dispersed throughout the document. Thus, the user can 
quickly see if some subset of keywords overlaps in the same segment of the document. Figure 
5 shows the display variant with 3 colour steps for the search with the three keywords "visual 
data mining". As shown by the blue, red and yellow tiles in the selected first document (title: 
Visual Data Mining) there are three segments with a co-occurrence of "visual" and "data" and 
“mining”. If the user puts the mouse pointer over a segment, a tool tip occurs showing the text 
of this segment. A jump-into-segment feature for quick-jumps to the docu-ment-parts repre-
sented by the segments is also available. Figure 6 shows this jump-into-segment feature: a 
pop-up window occurs when clicking the right mouse button in the selected segment. The text 
of the segment is highlighted and put in the context of the whole document.  

The Stacked Column visualisation is an adapted version of the Relevance Curve used in the 
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Result Table. Each segment of a document is represented as a vertical column. The height of 
each column corresponds to the number of times all keywords occur in that segment of text. 
For each keyword a different colour is used to show the contribution of each keyword to the 
overall occurrence of each column.  

For evaluation purposes there is also a static  HTMLList presentation in HTML-Format available 
in the INSYDER system (see section 4.3). 

In all different views we have made extensive use of different Interaction techniques (e.g. di-
rect manipulation, details-on-demand, zooming, direct selection) to give the user control over 
the mapping of data to visual form. 

 
Figure 5: TileBar view 

 
Figure 6: TileBar view - pop-up window 

4.3 Evaluation of the Visualisations 
The primary goal of the summative evaluation was to measure the added value of our visuali-
sations 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 
re-viewing Web search results. Knowing advantages of the multiple view approach docu-
mented in user studies (North et al. 1999), we didn’t intend to measure the effects of having 
Scatter-plot, Bargraph and TileBar/Stacked Column (also called SegmentView) instead of the 
List and Table. We wanted to see the added value of having these visualisations in addition to 
the Table and List.  

From the factors influencing the design of a visual structure (Mann 1999) we decided to vary 
target user group, type and number of data, and task to be done. These have been determined 
as the independent variables. The fourth factor, the technical environment, was identical for 
all tests. The test setting covered all combinations of the different kinds of information seek-
ing 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 combi-
nations of different visualisations (see Table 1). 

4.3.1 Procedure 

A short entry questionnaire was used to record demographic data of each user. Then each user 
got a standardised system demo using a predefined ScreenCam recording presenting each 
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visualisation. After that each user had about 10 minutes to use 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. All users processed the same 12 questions with the same 
keywords and number of hits in the same order, beginning with the 1 keyword / 30 hits spe-
cific fact finding task, followed by an extended fact finding 3 keywords / 500 hits question, 
then followed by a specific fact finding task with 8 keywords / 30 hits, and so on, always al-
ternating specific fact finding and extended fact finding, with the number of keywords chang-
ing between every question in the order 1 – 3 – 8 – 1 – 3 – 8 … . The presented visualisations 
to answer the questions have been different between the five groups (see Table 1). Based on 
this planning of the controlled experiment we could assure that the five combinations of visu-
alisations have been distributed in an equal manner to all variables. During the tasks the users 
were requested to "think aloud" to enable the evaluation team to understand and record their 
current actions. The recording of data was done with written records taken by two persons. 
An experimenter moderated the test session so that in the case of problems this person could 
help. After accomplishing the test tasks the user had to answer a questionnaire of 30 questions 
regarding their subjective satisfaction and to suggest improvements of the system.

 
Table 1: Test combinations 
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Figure 7: Expected added value of visualisations ex-

pressed by users 

4.3.2 Results 

Added values of the visualisations: Figure 7 shows that in most test cases the users made use 
of the visualisations (using only the visualisation or using it in combination with the Result 
Table to answer the test questions). From this we conclude that the majority of the users ex-
pected an added value 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 8 (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 persons needed to fulfil a test task. As no absolute minimum or best time 
exists for this test setting, the values derived are only comparable to each other. In Figure 8 
(middle part) it can be seen that the Barchart combination performed second of all visualisa-
tion 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 per-
forms worst when looking at the effectiveness, but as the values are in a small interval, we do 
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not give too much strength to this effect. Taking the efficiency values, a first interpretation 
would be that training effects influence the use of the Barchart the least. Also the fact that the 
subjects expected a high added value from using a Scatterplot combination, but a low value in 
effectiveness and efficiency can be taken as a hint that training effects could have a high in-
fluence on the results. This will 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. 

Figure 8 shows that this 
general impression of the 
visualisation was satisfy-
ing. This means that the 
majority of the test per-
sons thought that none of 
the visualisations are dis-
pensable. They also had 
the impression that the 
visualisations helped them 
to solve a task. The sub-
jective impression of the 
Scatterplot was the worst. 
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Figure 8: Overview of dependent variables

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. Interestingly, most of the test persons were in a better 
mood after using INSYDER (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 docu-
ments, the numbers of keywords, the type of users, and the task type have shown to influence 
the efficiency of the visualisations.  

5 Conclusion and Outlook 
The results of the evaluation of our visual information seeking system for the Web have mo-
tivated us to go ahead. Our main design ideas for the development of a visual information 
seeking 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 ef-
fectiveness and efficiency do not really increase when using visualisations, but the motivation 
and the subjective satisfaction do. We assume that more training time is needed to use the 
system effectively and efficiently.  

Throughout the ideas presented above we are still working on the enhancement of the overall 
system. This includes the visualisations of the search results, developing specific filter func-
tions supporting dynamic queries in combination with our visualisations, the visualisation al-
gorithms and particularly the user interface of the whole application.  
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