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Abstract 
This paper explores how information visualization 

can help users evaluate the effectiveness of different query 
formulations or the same query submitted to multiple 
search engines. MetaCrystal is used to visualize the 
degree of overlap and similarity between the results 
returned by different queries or engines. It enables users 
to identify documents found by multiple queries or 
engines. Such documents tend to be more relevant and 
users can use their number and distribution patterns as a 
visual measure of the effectiveness of their search.  
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1. Introduction 

When searching the Internet, users are often 
confronted with an overwhelming number of potentially 
relevant documents to sift through. It is difficult for users 
to determine the overall effectiveness of their search. 
Researchers tend to use measures, such as precision and 
recall, to capture the effectiveness of an information 
retrieval system [12]. Searching the Web is a highly 
interactive process and additional measures are needed to 
capture the richness of user interactions and their 
experiences of ease of use. Spink and Wilson [14] have 
proposed that some of these new measures need to reflect 
how users progress through the different stages of their 
information seeking process and how their interactions 
change their understanding of their information problem. 
Spink [13] employed such a user-based approach to 
evaluate the meta search interface Inquirus. Her study 
showed that users experienced some change in their 
information problem and information seeking stage. The 

results also showed that search precision did not 
necessarily correlate with the user-based evaluation 
measures or change in the search process. Another study 
[17] evaluated the performance of four search engines by 
using these user-centered criteria: relevance, efficiency, 
utility, user satisfaction, and connectivity. This paper 
explores how MetaCrystal, a set of visual tools, can help 
users evaluate the effectiveness of their own searches. 
Documents found by multiple retrieval methods are more 
likely to be relevant [4, 11]. MetaCrystal enables users to 
identify documents found by multiple queries or engines. 

Users tend to create short queries when searching the 
Internet and they rarely formulate advanced queries [15]. 
Eastman and Jansen [3] have shown that the use of most 
query operators in short Internet queries had no sig-
nificant impact on the effectiveness of the search results. 
MetaCrystal can visualize this high degree of similarity 
between different formulations of simple Internet 
searches. It enables users to see that these related queries 
are not very effective in finding more relevant documents 
and that the relevance of the found documents can not be 
corroborated by these related queries. 

Users employ meta search engines because individual 
search engines only index 20% of the Internet [10] and 
therefore return different documents for the same query. 
Meta search engines address this limitation by combining 
the results by different engines. MetaCrystal visualizes 
the precise overlap between the top documents retrieved 
by different search engines. It makes it easy for user to 
identify how many and which documents have been found 
by more than one search engine.  

This paper is organized as follows: section 2 briefly 
reviews related visualization work. Section 3 describes 
the MetaCrystal toolset. Section 4 shows how the degree 
of similarity between different ranked lists can be visual-
ized. Section 5 discusses how MetaCrystal enables users 
to get a visual sense of the effectiveness of their searches. 
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2. Related Visualization Work 

Many visual tools have been developed to help users 
overcome the specific problems they encounter in the 
search process [8]. Several meta search engines have been 
developed that use visualization techniques. Vivísimo 
[18], Grokker [6], MetaSpider [2] and Sparkler [7] 
address the information overload problem. Vivisimo 
organizes the retrieved documents using the familiar hier-
archical folders metaphor. Grokker uses nested circular or 
rectangular shapes to visualize a hierarchical grouping of 
the search results. MetaSpider uses a self-organizing 2-D 
map approach to classify and display the retrieved docu-
ments. Sparkler combines a bull’s eye layout with star 
plots, where a document is plotted on each star spoke 
based on its rankings by the different engines. Kartoo [9] 
addresses the query reformulation problem. It creates a  
2-D map of the highest ranked documents and displays 
the key terms that can be added or subtracted to modify 
the current query.  

3. MetaCrystal Toolset 

MetaCrystal consists of several linked tools that 
enable users to compare and combine the search results 
returned by different query formulations or different 
search engines processing the same query. The Category 
View displays the degree of overlap between the top result 
sets returned by different queries or search engines (see 
Figures 1 and 3). The Cluster Bulls-Eye View enables 
users to see how all the found documents are related to 
the different queries or engines, causing documents with 
high total ranking scores to cluster toward the center (see 
Figures 1). This view can also be used to visualize the 
degree of similarity between different ranked lists (see 
Figures 2 and 3). The RankSpiral View places all the 
documents sequentially along an expanding spiral based 
on their total ranking scores. This view overcomes the 
limitation of standard ranked lists which can show only a 
small number of documents at any given moment. 

Implemented in Flash using ActionScript, Meta-
Crystal supports rapid exploration, enables advanced 
filtering operations and guides users toward relevant 
information. Its direct manipulation interface enables 
users to iteratively create crystals of increasing 
complexity that show the precise overlap between up to 
five search engines or queries. Users can apply different 
weights to the queries or engines to create their own 
ranking functions. Users can control the degree of overlap 
between the different engines or queries by modifying the 
URL directory depth used for matching documents or by 
changing the number of top documents compared.  

The Category and Cluster Bulls-Eye Views will be 
described in more detail, because they enable users to 
identify documents found by multiple engines and to see 

how their rankings by the different engines are related. 
Users can use this type of visual feedback to get sense of 
the effectiveness of their search process.  

3.1. Category View 

In Figure 1, the Category View displays the precise 
overlap between the top documents retrieved by the 
search engines Google, Teoma and AltaVista, when 
searching for ‘information visualization’. Modeled on the 
InfoCrystal layout [16], the interior consists of category 
icons, whose shapes, colors, positions and orientations 
encode different search engine combinations. At the 
periphery, colored and star-shaped input icons represent 
the different search engines, whose top 100 results are 
compared to compute the contents of the category icons. 
The icon in the center of the Category View displays the 
number of documents retrieved by all engines. The num-
ber of engines represented by a category icon decreases 
toward the periphery. Shape coding is used for a category 
icon if we want to emphasize the number of search en-
gines it represents; size coding is employed to emphasize 
the number of documents retrieved by a search engine 
combination (see Figures 1 and 3). 

3.2. Cluster Bulls-Eye View 

In Figure 1, the Cluster Bulls-Eye View shows how 
all the retrieved documents are related to the different en-
gines, because a document’s position reflects the relative 
difference between its rankings by the different search 
engines. Documents with similar rankings by the different 
engines will be placed in close proximity. Shape, color 
and orientation coding indicate which search engines 
retrieved a document. The Cluster Bulls-Eye View uses 
polar coordinates to display the documents: the radius 
value is related to a document’s total ranking score so that 
the score increases toward the center; the angle reflects 
the relative ratio of a document’s rankings by the different 
engines. The total ranking score of a document is cal-
culated by adding the number of engines that retrieved it 
and the average of its different rankings by the different 
engines. This causes documents retrieved by the same 
number of engines to cluster and be contained in the same 
concentric ring (see Figure 1). Documents with high 
rankings by the different engines cluster closest toward 
the center in their respective concentric rings. Documents 
with low rankings cluster furthest away from the center in 
their respective rings. In addition, a document’s position 
is influenced by the input icons. Although not shown in 
this view, the input icons act as “points of reference” that 
pull a document toward them based on the document’s 
rankings by the different engines. The Cluster Bulls-Eye 
View also makes it easy for users to scan the top 
documents that are only retrieved by a specific engine.  
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isualizing Degree of Similarity Between 
ltiple Ranked Lists 

The Cluster Bulls-Eye View can be used to visualize 
degree of similarity between different ranked lists. If a 
ment is contained in all the search results being com-
d, then it will be placed inside the inner most circle of 
Cluster Bulls-Eye View. The greater a document’s 
ings in the lists being compared, the closer toward the 
er its position will be. If a document has the same 
ing in all of the results being compared, then its angle 
 be 90 degrees (see Figure 2 [i]). If the rankings of the 
ments are not correlated in the different result sets, 

then they will cluster as shown Figure 2 [ii]. If the rank-
ings are identical for two of three results lists being com-
pared, then documents will cluster along the line separat-
ing the lightly colored areas associated with each input 
query, as shown in Figure 2 [iii] a). If documents are only 
contained in two of the three result lists being compared 
and their rankings are identical, then they will cluster as 
shown in Figure 2 [iii] b). Figure 2 demonstrates that 
certain types of similarity relationships between ranked 
lists give rise to unique “visual signature” patterns in the 
Cluster Bulls-Eye View. Thus, it can be used to determine 
the degree of similarity between the ranked lists returned 
by different queries or search engines.  

23 documents are found by multiple engines  
and are thus potentially relevant.  

items of Alta- 
sta’s top 100  
nd by Alta- 

sta only Cluster Bulls-Eye View shows all retrieved documents. 
Total ranking score increases toward the center. 

Documents with similar rankings by the different 
engines will cluster in close proximity. Shape, 

color and orientation coding 
show how many and which 

engines retrieved 
a document.

Google 

Teoma AltaVista 

Documents found by the same number of search 
engines cluster in the same concentric ring.  

Documents with high rankings by the different 
engines cluster closest toward the center in their 
respective concentric rings. 

Documents with low rankings cluster furthest  
away from the center in the respective rings. 

Teoma 
AltaVista 

ure 1: The Category and Cluster Bulls-Eye views provide users with complementary ways to explore the precise overlap between 
 top 100 documents found by Google, Teoma and AltaVista, when searching for ‘information visualization’. These overviews make 
asy for users to identify how many and which documents have been retrieved by more than one search engine.  
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Visualizing Degree of Similarity between Three Ranked Lists  
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Figure 2: shows the “visual signatures” and how documents will cluster in the Cluster Bulls-Eye View if the three ranked lists being 
compared: [i] are identical; [ii] contain the same documents, but their ranking orders are randomized. [iii] a) shows the area where the 
documents found by all three queries will cluster if the rankings for the first two queries are identical; [iii] b) highlights the area where 
the documents found by only two queries will cluster if the rankings for these two queries are identical.  

[ i ] Identical [ ii ] Random 

b) 

[ iii ] High Similarity Areas 

Comparing Results by Different Query Formulations  

No Operators 

Teoma 

Exact Phrase AND 

Figure 3: shows the degree of overlap between the top documents retrieved if we search for ‘information visualization’ and compare 
queries that employ “no operators”, a “Boolean AND” or an “exact phrase” constraint, using the Teoma search engine. The Category 
Views on the left uses size coding for the category icons and shows that there is a great deal of overlap between the queries. In particu-
lar, the same documents are retrieved by the queries that use “no operator” or the “Boolean AND”, because the category icons related 
to only one of these queries are empty. The Cluster Bulls-Eye Views on the right shows that the ranking order for the documents found 
by more than one query is identical or very similar. Specifically, the documents found by only two queries have identical rankings. The 
documents found by all three queries have identical rankings for the “no operator” and “Boolean AND” queries. Thus, these different 
query formulations do not provide “independent sources of evidence” to infer the potential relevance of the documents. 

4 



 

5. Visualizing the Effectiveness of Different 
Query Formulations or Meta Searches 

The Category and Cluster Bulls-Eye views can be 
used to visualize and support the finding that the use of 
most query operators in short Internet queries leads to 
very similar search results [3], both in terms of the re-
trieved documents and their respective rankings. In Figure 
3, searching for ‘information visualization’, we visually 
compare the search results returned if a query that uses 
“no operators”, a “Boolean AND” or an “exact phrase” 
constraint, respectively, is submitted to the Teoma search 
engine. The Category View shows that there is a great 
deal of overlap between the different formulations. 
Research has shown that documents found by multiple 
queries are more likely to be relevant [4, 11]. However, 
the Cluster Bulls-Eye View shows that the queries which 
use “no operators” or the “Boolean AND”, retrieve the 
same documents and their rankings are identical, because 
they cluster in Figure 3 in the same areas that are high-
lighted in Figure 2 [iii] a) and b), respectively. The high 
number of documents retrieved by more than one query 
formulation can not be interpreted in isolation. The rela-
tionship between the rankings by the different queries 
needs to be considered. This helps users determine if the 
different queries actually represent sufficiently independ-
ent “sources of evidence” to infer potential relevance. 
Because the different query formulations are submitted to 
the same Teoma database, the high number of documents 
found by multiple queries in the Category View and their 
highly structured distribution pattern in Cluster Bulls-Eye 
View indicate that the different query formulations are 
not very effective in finding more relevant documents. 

Meta search engines combine the results by different 
engines, because individual engines tend to index 20% of 
the Internet [10] and thus return different documents for 
the same query. In meta search context, the fact that a 
document has been retrieved by multiple engines is sig-
nificant, because each search engine uses a unique re-
trieval method and indexes different parts of the Internet. 
Hence, each engine can be understood as an independent 
“source of evidence” that can be used to corroborate the 
potential relevance of a document. MetaCrystal makes it 
easy for user to identify how many and which documents 
have been found by more than one search engine. The 
Category View groups all the documents found by the 
same combination of engines and displays the number of 
documents retrieved by different search engine com-
binations (see Figure 1). The Cluster Bulls-Eye View 
visualizes the relationship between a document’s rankings 
by the different engines that retrieved it. Figure 1 shows 
that there is no systematic pattern of relatedness between 
the rankings for the documents found by multiple search 
engines. This indicates that the meta search has been 
effective in retrieving documents likely to be relevant.  

The number of documents retrieved by more than one 
Internet search engine tends to be small [5, 10] (see 
Figure 1). MetaCrystal enables users to control the degree 
of overlap between the different engines by modifying the 
URL directory depth used for matching documents or by 
changing the number of top documents compared. 
Further, some of the top documents found by a single 
search engine are likely to be relevant, but users don’t 
want to have to sift through a long list of documents to 
find them [8]. The Cluster Bulls-Eye View helps users 
identify documents found by different engine combina-
tions and at the same time scan the top documents re-
trieved by a specific engine, especially since users may 
prefer some engines more than others. 

Conclusions  

This paper addressed how information visualization 
can help users evaluate the effectiveness of their search. 
MetaCrystal and its Category and Cluster Bulls-Eye 
views were used to visualize the degree of overlap and 
similarity between the results returned by different 
queries or engines. It was shown that certain types of 
similarity relationships between ranked lists give rise to 
unique visual patterns in the Cluster Bulls-Eye View.  

Documents found by multiple retrieval methods tend 
to be more relevant [4, 11]. MetaCrystal enables users to 
identify how many and which documents have been 
retrieved by more than one method. This paper has shown 
that the relationship between a document's rankings by 
the different retrieval methods needs to be also considered 
to infer a document’s potential relevance. The Cluster 
Bulls-Eye View enables users to visually examine and 
spot specific the distribution pattern of the rankings for all 
the retrieved documents. If there is a systematic pattern of 
relatedness between the rankings for the documents found 
by more than one method, then it is likely that the 
different retrieval methods are not effective, especially if 
they search the same database.  

MetaCrystal was used to visualize and support the 
finding that the use of query operators in short Internet 
queries leads to very similar search results [3] and thus 
the different query formulations are ineffective in 
retrieving more relevant documents. The Category View 
showed that there is a great deal of overlap between the 
documents retrieved by different formulations of the same 
query, but little overlap when the same query is submitted 
to different Internet search engines. The Cluster Bulls-
Eye View was used to show that the rankings for the 
documents retrieved by different query formulations are 
highly related, whereas the rankings in the meta search 
context are not related in a structured way. 
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