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This paper explores how information visualization can provide insights into the effectiveness of different 
query formulations or the same query submitted to multiple search engines. Different queries or search 
methods are deemed more effective if the fusion of their results leads to a new result set that contains an 
increased number of relevant documents. The MetaCrystal toolset can be used to visualize the degree of 
overlap and similarity between the results returned by different queries or engines. The work presented is 
guided by two working hypotheses: 1) documents found by multiple methods are more likely to be 
relevant; 2) high degrees of overlap and/or systematic relationships between the ranked lists being 
compared will not lead to fusion results that contain more relevant documents. MetaCrystal visually 
identifies documents found by multiple queries or engines. The number and distribution patterns of 
documents found by multiple methods can be used as a visual measure of the fusion effectiveness. 
Examples, using Internet and TREC data, are presented that support both in a qualitative and quantitative 
way the working hypotheses. 
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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 [13]. 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 [16] 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 [15] employed such a 
user-based approach to evaluate the meta search interface Inquirus. This 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 [23] 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 provide insights into the effectiveness of 
different query formulations or the same query submitted to multiple search engines. It aims to show 
that visual abstractions, such as the degree of overlap or similarity between different ranked lists, can 
be used as indicators about the effectiveness of fusing different search methods. 
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Users tend to create short queries when searching the Internet and they rarely formulate advanced 
queries [17]. Eastman and Jansen [4] have shown that the use of most query operators in short Internet 
queries had no significant 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 [11] 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 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 visualized. Section 5 describes how MetaCrystal can provide visual feedback about 
the effectiveness of the search and fusion effort. Section 6 discusses issues related to MetaCrystal’s 
implementation and addresses future research. 

2. Related Visualization Work 

Large sets of documents can be visualized by showing how the documents are related to specific 
“Points of Interest” (POIs), such as the query terms or search engines used to retrieve them [12]. The 
POIs act as magnets and the ratio of the “forces of attraction” between a document and the POIs 
determines its location in the display. Specifically, a document’s position is equal to the sum of the 
position vectors of the POIs, where each vector is scaled by the strength of a document’s relatedness to 
the POI. Thus, a document is placed closer to the POIs that it is more related to. It can be shown that a 
standard POI visualization can produce undesirable clustering results, because the distance from its 
center is not necessarily a reliable visual cue of a document’s potential relevance. MetaCrystal’s 
Cluster Bulls-Eye tool overcomes this problem by using a polar mapping, where only the angular value 
is determined by the POIs.  

Sparkler [8] enables users to compare the results returned by multiple search methods. It 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 methods. Sparkler spreads the multiple results that have the same position on a spoke, 
and thus would overlap, to show their distribution pattern. It does not explicitly represent which 
documents have been retrieved by multiple search methods and users need to examine individual 
documents to determine how many and which retrieval methods found them. 

Beadplots [1] aims to visualize the shared subpatterns in ranked lists of retrieved documents, 
because the similarity scoring used in most retrieval systems tends to find documents in groups. For a 
specific topic, the rows in a beadplot correspond to the different systems, and the “beads”, gray and 
colored diamonds, along each row represent documents. The position of a bead along a row indicates 
its position or rank in the result list of the system associated with the row. Beads with the same color 
indicate the same document, enabling users to spot documents retrieved together as a group, which 
show up as splotches of the same color, at (possibly) different positions along the rows. The colors 
assigned to the documents use spectral (ROYGBIV) coding. The ordering ranges from most relevant 
(dark red) to least relevant (light violet), where color reference ordering is based on the top 100 
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documents found by the University of Waterloo’s system or the top 100 composite ranking based on 
the retrievals from all of the systems that participated in the TREC experiments. 

Several meta search engines have been developed that visualize the combined retrieved 
documents. Vivísimo [24] organizes the retrieved documents using a hierarchical folders metaphor. At 
the end of each document summary, the search engines are listed that retrieved the document, together 
with the ranking by each of these engines. Kartoo [10] creates a 2-D map of the highest ranked 
documents and displays the key terms that can be added or subtracted from the current query to modify 
it. Grokker [7] uses nested circles or rectangles to visualize a hierarchical grouping of the search 
results. MetaSpider [3] uses a self-organizing 2-D map approach to classify and display the retrieved 
documents. None of these visual meta search tools provide users with a compact visualization of the 
precise overlap between the search engines. Instead, they require substantial user interaction to infer 
the degree of overlap and users can not control how the results by the different engines are combined. 

3.  MetaCrystal Toolset 

MetaCrystal [20, 21] consists of several linked tools that enable users to compare and combine the 
search results returned by different query formulations or different search methods processing the 
same query. Documents found by multiple retrieval methods are more likely to be relevant [5, 13]. 
MetaCrystal’s tools map the documents found by multiple methods toward the center of their display 
and visualize all the retrieved documents in a compact and structured way. The Category View dis-
plays the precise overlap between the top result sets returned by different queries or search methods 
and shows the number of documents retrieved by different retrieval combinations. (see  Figure 1). The 
Cluster Bulls-Eye enables users to see how all the found documents are related to the different search 
methods being compared. It clusters documents retrieved by multiple engines toward its center and at 
the same time helps users scan the top documents found by a single query or method (see Figure 1). 
This tool can also be used to visualize the degree of similarity between different ranked lists (see 
Figure 3). The RankSpiral places all the documents sequentially along an expanding spiral based on 
their total ranking scores to enable users to rapidly scan large numbers of documents and their titles. 

Informal usability tests have been conducted and guided the development of the current version of 
MetaCrystal, [22]. Implemented in Flash using ActionScript, MetaCrystal supports flexible exploration 
and advanced filtering operations and guides users toward relevant information [21]. Its direct manipu-
lation interface enables users to iteratively create crystals of increasing complexity that show the 
precise overlap between up to five search methods or queries [22]. Users can apply different weights to 
the queries or methods 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 web 
pages or by changing the number of documents being compared. MetaCrystal can use the document 
scoring data provided by search methods, but these scores need to be normalized and, more im-
portantly, are not always available. The presented examples use only the position or ranking of a 
document in the result list, since this data is always available. The Category View and Cluster Bulls-
Eye tools will be described in more detail, because they enable users to identify documents found by 
multiple search methods and to see how their rankings by the different methods are related. This type 
of visual feedback can be used to determine the effectiveness of the search and fusion 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’. 
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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. 

Google 

Teoma 
AltaVista 

Figure 1: The Category and Cluster Bulls-Eye tools provide users with complementary ways to explore the precise overlap 
between the top 100 documents found by Google, Teoma and AltaVista, when searching for ‘information visualization’. 
These overviews make it easy for users to identify how many and which documents have been retrieved by more than one 
search engine.  

Cluster Bulls-Eye 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.

5 documents found by  
all three engines  
  

81items of Alta- 
Vista’s top 100  
found by Alta- 
Vista only 

AltaVista 

Google 

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

Teoma 

Category View shows the number of documents found by different 
search engine combinations. Size, color, proximity and orient- 

ation coding are used to visualize the different combinations.  
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Modeled on the InfoCrystal layout [19], 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 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 number 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 engines it represents (see Figure 4); size coding is employed to emphasize the number of 
documents retrieved by a search engine combination (see Figure 1). The Category View supports these 
tasks: a) identification of the number of documents found by multiple engines and by which combinations; b) 
selection of specific search method combinations to specify Boolean constraints, since the category icons 
represent all possible Boolean queries in disjunctive normal form [18, 19]. 

3.2. Cluster Bulls-Eye 

In Figure 1, the Cluster Bulls-Eye tool shows how all the retrieved documents are related to the 
different engines, 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 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 equal to the sum of the number of engines that retrieved it and the normalized average 
of its rankings by the different engines that found it. This causes documents retrieved by the same 
number of engines to cluster and to be contained in the same concentric ring (see Figure 1). 
Specifically, documents with high rankings by the different engines cluster in their respective con-
centric rings so that they are closest to the center of the display and the size of their icons is set to the 
largest value. Documents with low rankings cluster furthest away from the center in their respective 
rings and the size of their icons is set to the smallest value.  

The Cluster Bulls-Eye tool combines a POI visualization with a “bull’s eye” mapping to ensure 
that users will always find documents with high total ranking scores toward its center. Although not 
always explicitly shown in Cluster Bulls-Eye, 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 documents that 
are only retrieved by a single engine represent a special case. Their angle value would be equal to the  
angle of the position vector of its related input icon, causing the documents to overlap on a straight 
line. Instead, document icons are “fanned out” so that they don’t overlap, making it easy for users to 
scan the top documents only retrieved by a specific engine (see Figure 1). The Cluster Bulls-Eye tool 
supports these tasks: a) identification of documents retrieved by multiple engines and by which 
combinations; b) exploration of top documents found by a single engine; c) identification of the degree 
of similarity between different ranked lists.  

4. Visualizing Degree of Similarity Between Multiple Ranked Lists 

The Cluster Bulls-Eye tool can be used to visualize the degree of similarity between different ranked 
lists. If a document is contained in all the search results being compared, then it will be placed inside 
the inner most circle of the Cluster Bulls-Eye. The greater a document’s rankings in the lists being 
compared, the closer toward the center its position will be. If a document has the same ranking in all of 
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Figure 2: shows the “visual signatures” and how documents will cluster in the Cluster Bulls-Eye 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 [ iii ] High Similarity Areas 

Visualizing Degree of Similarity between Three Ranked Lists 

a) 

b) 

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 View on the left uses size coding for the category icons 
and shows that there is a great deal of overlap between the queries. In particular, 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 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. 

Exact Phrase AND 

Comparing Results by Different Query Formulations  

No Operators 

Teoma 
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the results being compared, then by default its angle will be set equal to 90 degrees (see Figure 2 [i]). 
If the rankings of the documents are not correlated in the different result sets, then they will cluster as 
shown Figure 2 [ii]. If the rankings are identical for two of three results lists being compared, then 
documents will cluster along the midline between the two inputs 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 tool. Thus, it can be used to determine the degree 
of similarity between the ranked lists returned by different queries or search engines.  

5. Visualizing the Effectiveness of Different Query Formulations or Search Methods 

In this section, it will be shown how MetaCrystal can provide insights into the effectiveness of 
different query formulations or search methods as well as if the fusion of their result sets is effective. 
Different query formulations or search methods will be deemed more effective if the fusion of their 
search results leads to a new result set that contains an increased number of relevant documents. 
Research has shown that documents found by multiple methods are more likely to be relevant [5, 13]. 
However, it will be shown in this section that the relationships between the rankings by the different 
methods, which found the same document, needs to be considered as well in order to assess the 
effectiveness of the different search results that are being compared. This section is organized as 
follows: 1) different query formulations of the same search topic are created and their results 
compared; 2) the same query is submitted to multiple Internet search engines and their results are 
compared; 3) for two different search topics, the results sets of the top five search methods, which 
participated in the TREC 8 automatic Ad Hoc task, are compared [25]. For the latter, it will be possible 
to provide quantitative effectiveness measures. 

5.1. Visual Comparison of Different Query Formulations Results 

The Category View and Cluster Bulls-Eye tools 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 [4], both in 
terms of the retrieved 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 formula-
tions, which would suggest that the documents found by multiple queries are more likely to be relevant 
[5, 13]. However, the Cluster Bulls-Eye tool 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 highlighted 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 relationship between the rankings by the different queries needs to be considered. This helps users 
determine if the different queries actually represent sufficiently independent “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 display indicate that the different query 
formulations are not very effective in finding more relevant documents. In the Cluster Bulls-Eye tool, 
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Figure 4: shows the visual comparison of the meta search results for the top 100 documents found by Google, Teoma, 
AltaVista and Lycos when searching for ‘information visualization’.  

Cluster Bulls-Eye 

Category View Google Teoma 

AltaVista Lycos 

Google 

AltaVista 

Teoma 

Lycos 
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 the distribution patterns of the documents found by a single method can be used to infer, for example, 
whether or not highly ranked documents were also retrieved by the other methods. Figure 3 shows that 
the highly ranked documents found by the “exact phrase” query are also retrieved by the other query 
formulations, because there are no document icons in the vicinity of the border to the area containing 
documents found by two different query formulations. 

5.2. Visual Comparison of Meta Search Results 

Meta search engines combine the results by different engines, because individual engines tend to index 
20% of the Internet [11] 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 significant, because each 
search engine uses a unique retrieval 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 combinations. Figures 1 and 4 show that there is some overlap between the 
result sets, but at least 70% of documents retrieved by an engine are not found by the others. The 
Cluster Bulls-Eye tool visualizes the relationship between a document’s rankings by the different 
engines that retrieved it. Figures 1 and 4 show that there is no systematic pattern of relatedness 
between the rankings for the documents found by multiple search engines. The Category View and 
Cluster Bull’s-Eye displays suggest that the meta search has been effective in retrieving documents 
likely to be relevant. An exploration of the top results generated by the MetaCrystal fusion suggests 
that most of documents retrieved by multiple engines are relevant. In particular, the top document 
“OLIVE: Online Library of Information Visualization Environments”, which has been retrieved by all 
search engines and had the highest total ranking score, is an excellent top choice. 

5.3. Visual Comparison of TREC results 

The TREC workshops provide information retrieval researchers with large documents collections, a set 
of search topics and ways to compare the search results [25]. Participating retrieval systems search the 
collections for each of the 50 provided topics, and then submit a ranked list of 1000 documents for 
evaluation. For each topic, NIST pools the top 100 retrieved documents from each run. The person 
who proposed a topic then determines the relevance of each document. The list of relevant documents 
for each topic is publicly available and the systems are evaluated based upon different measures of 
recall and/or precision. Recall assesses the fraction of relevant documents that were found by a system, 
while precision assesses the fraction of a system’s retrieved documents that are actually relevant. 

In this section, the top five retrieval systems from the automatic short Ad Hoc track in TREC 8 are 
compared for two of the 50 topics used to evaluate the systems. These top systems use different 
approaches to identify 1000 potentially relevant documents and specific information about the systems 
can be found in the TREC 8 proceedings [25]. Figure 5a shows the precise overlap between result sets 
by the top five systems when searching for topic 401. The Category View shows that 99 documents are 
found by all systems; more than 50% of documents returned by the top performing retrieval system are 
not found by the other systems. The Cluster Bulls-Eye shows that there is no systematic relationship 
between the rankings for documents found by multiple systems and the document icons are mostly 
scattered in a uniform fashion (see Figure 5b which does not display the documents found by a single 
system). As stated previously, different search methods will be deemed more effective if the fusion of 
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Figure 5a: Category View, using size coding, of the top five search methods in TREC 8 Ad Hoc task for Topic 401. 

Category View that visualizes the 
degree of overlap between the 1000 
documents retrieved by the top five 
systems in TREC 8 Ad Hoc task for 

Topic 401. It uses size coding and 
shows that there is some overlap 

between the retrieval systems. 

Category View that shows the locations of all the 
disjoint subsets if five input sets are being compared. 
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Figure 5b: Cluster Bull’s Eye for the top five search methods in TREC 8 Ad Hoc task for Topic 401. 

Figure 5c: Average of the percentage of the relevant documents in the 1000 documents retrieved by 
the top five methods in TREC 8 Ad Hoc task for Topic 401 and the MetaCrystal fusion method. 
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their search results leads to a new result set that contains an increased number of relevant documents. 
Figure 5c displays the average number of relevant documents that have found as a function of the 
documents examined that have been returned by the top five search systems. Figure 5c also displays 
the resulting precision curve if the top 1000 documents, based on the total ranking score, are selected 
in the Cluster Bulls-Eye display; it shows that 5.6% of the 1000 documents returned by the 
MetaCrystal fusion approach are relevant, which is 14.75% better than the average of the precisions 
values of the top five systems.  

In Figure 6a, the Category View shows that 832 documents are found by all five systems for topic 
404. As mentioned earlier, documents found by multiple methods are more likely to be relevant, but 
the relationships between the rankings need to be considered. The Cluster Bulls-Eye does not reveal a 
systematic relationship between the rankings for documents found by multiple systems (see Figure 6b). 
However, if so many documents are retrieved by all systems, then it decreases the probability that the 
relevant documents found only by a single system will be included in the MetaCrystal fusion set and 
thus it will not lead to a fused result set that contains more relevant documents than are included in any 
of the input sets. Figure 6c displays the average of the precision values of the top five search systems 
and the MetaCrystal precision curve; it shows that 12.6% of the 1000 documents returned by the 
MetaCrystal fusion approach are relevant, which is only 0.32% better than the average of the 
precisions values of the top five systems.  

6. Discussion and Future Work 

The MetaCrystal has been implemented in Flash using ActionScript 1.0. This has the advantage that it 
can be deployed using a Web browser and the file size of the application is small. The current 
implementation can compare different ranked lists that each contains at most 200 documents. This 
limitation is due to the fact that Flash “times out” if a computation takes longer than a certain time 
period. MetaCrystal is currently being reimplemented using ActionScript 2.0, which has better 
performance characteristics. The Category View and Cluster Bulls-Eye displays have been 
implemented using Microsoft Excel to be able to compare the TREC 8 Ad Hoc result sets, which 
contain 1000 documents. Figures 5 and 6 were created using Excel’s charting tools. 

As the MetaCrystal toolset was being developed, an informal usability test was conducted, where 
15 graduate students interacted with MetaCrystal’s different tools [22]. They rated the Category View 
as most effective, especially when shape coding was used (see Figure 4 top). The students had some 
difficulty understanding the conceptual difference between the Category View, which displays 
groupings of documents and the Cluster Bulls-Eye, which displays individual documents. The latter 
tool initially represented the individual documents as circles with colored slices, which may have 
contributed to the confusion the students experienced. A document is now visualized using also shape 
and size coding (see Figure 4 bottom). Shape encodes the number of engines that retrieved a document 
and size reflects the rankings by the engines. The only difference between a category icon and a 
document icon is that the former displays the number of documents retrieved by the search engine 
combination it represents. 

Furthermore, a formal user study was conducted to test if users can interpret the category icons in 
terms of their associated Boolean meaning based on the shape, color, orientation and proximity coding 
employed [18]. The user study compared a standard, text-based Boolean query language with the 
InfoCrystal interface, which is the precursor to the Category View. InfoCrystal represents all the 
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possible queries among its inputs in disjunctive normal form and each category icons represents a 
distinct Boolean relationship. Subjects had to perform a recognition and generation task. The former 
asked them to recognize either the correct Boolean or InfoCrystal query from three possible queries. In 
the latter task subjects had to generate a Boolean or InfoCrystal query that captured a given 
information need. For both tasks each subject was presented with each query in both modes. Hence, 
the paired-differences in performance between the two query languages could be computed to reduce 
the noise in the collected data. In the recognition task there is no statistically significant difference 
between the two query languages both in terms of the scores or the time measurements. In the 
generation task there is significant difference for the scores in favor of the Boolean mode, but the 
experiment favored this mode. In terms of the time measurements there was a statistically significant 
difference in favor of the InfoCrystal. The collected user feedback regarding the InfoCrystal (IC) was 
positive, ranging from "The IC was absolutely clear.” to "The IC was actually not that bad, even 
usable." This formal user study demonstrates that novice users, who received a short training tutorial, 
can interpret and distinguish between the category icons successfully. This study also suggests that 
users should be able to infer how many documents have been found when all search engines and how 
many documents have been found by single engines when using the Category View. 

The presented examples lend support to the working hypotheses and guiding principles of this 
paper: 1) documents found by multiple methods are more likely to be relevant; 2) a high degree of 
overlap and/or systematic relationships between the ranked lists being compared will not lead to fusion 
results that contain more relevant documents and thus do not improve the effectiveness of the search 
effort. The former hypothesis has been supported in a qualitative way by the meta search example, 
where the documents found by multiple Internet search engines are mostly relevant, and in a 
quantitative way by the two TREC 8 examples, where the precision at 1000 documents for the 
MetaCrystal fusion approach is as good as the average of the precisions of the top five retrieval 
systems being fused. The latter hypothesis has been supported in a qualitative way by comparing 
different formulations of a short Internet query and in a quantitative way for the two TREC examples, 
where it could be shown that a high degree of overlap and/or systematic relationships between the 
document rankings limit the effectiveness of the fusion process.  

More extensive research is needed to prove the validity of the hypotheses and principles guiding 
the research presented in this paper. The primary goal of future research is to quantify and show how 
visual features, such as the number of documents found by all or just single search methods as well as 
systematic relationships between the rankings, are correlated to the effectiveness of different fusion 
methods. Specifically, future research will seek to quantify how an increase in the number of methods 
that retrieved a method affects the probability that the document is relevant. Once it has been 
established that there are statistically significant and robust visual features in the MetaCrystal displays, 
as the presented examples suggest, then a formal user study will be conducted to test if users are able 
to perceive and use these visual cues to determine the effectiveness of the search and fusion process. It 
is currently being investigated if and how the MetaCrystal fusion method leads to improved precision 
performance if all the 50 topics and random subsets of all systems participating in the TREC 8 Ad Hoc 
track are considered. Preliminary results indicate that the MetaCrystal fusion method leads to 
improved precision. Future work will also compare different fusion methods with the MetaCrystal 
fusion approach.  
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Figure 6a: Category View, using size coding, of top five search methods in TREC 8 Ad Hoc task for Topic 404. 
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between all of the methods. 



 

 

A. Spoerri     311

 

2nd Search
Method

1st Search  
Method 

3rd Search  
Method 

4th Search  
Method 

5th Search 
Method 

Figure 6b: Cluster Bull’s Eye for the top five search methods in TREC 8 Ad Hoc task for Topic 404. 

Figure 6c: Average of the percentage of the relevant documents in the 1000 documents retrieved by 
the top five methods in TREC 8 Ad Hoc task for Topic 404 and the MetaCrystal fusion method. 
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7. Conclusions 

This paper addressed how information visualization can provide insights into the effectiveness of the 
search and fusion process. Different query formulations or search methods were deemed more 
effective if the fusion of their search results leads to a new result set that contains an increased number 
of relevant documents. MetaCrystal and its Category View and Cluster Bulls-Eye tools were used to 
visualize the degree of overlap and similarity between the results returned by different query 
formulations or search methods. It was shown that certain types of similarity relationships between 
ranked lists give rise to unique visual patterns in the Cluster Bulls-Eye display. 

The presented research has been guided by these two hypotheses: 1) documents found by multiple 
methods are more likely to be relevant; 2) a high degree of overlap and/or systematic relationships 
between the ranked lists being compared will not lead to fusion results that contain more relevant 
documents and thus do not improve the effectiveness of the search and fusion effort. The Category 
View enables users to identify how many and which documents have been retrieved by more than one 
method. It was 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 
tool enables users to visually examine and spot specific distribution pattern for the rankings of 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 fusion of different retrieval 
methods will not retrieve more relevant documents, especially if they search the same database.  

Multiple examples were presented: 1) different query formulations of the same search topic were 
created and their results compared; 2) the same query was submitted to multiple Internet search 
engines and their results compared; 3) for two different search topics, the results sets of the top five 
search methods, which participated in the TREC 8 automatic short Ad Hoc task, were compared. 
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 [4] 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 
tool 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. 
Precision plots were presented for the two TREC 8 topics to address in a quantitative way the 
appropriateness of the hypotheses and principles guiding the presented research. Future research aims 
to quantify and show how visual features, such as the number of documents found by all search 
methods or systematic relationships between document rankings, are correlated to the effectiveness of 
different fusion methods. Once it has been established that there are statistically significant and robust 
visual features in the MetaCrystal displays, as the presented examples suggest, then a user study will 
be conducted to test if users are able to perceive and use these visual cues to determine the 
effectiveness of the search and fusion process. 
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