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ABSTRACT 
As a result of additional semantic annotations and novel mining 
methods, Web site taxonomies are more and more available to 
machines, including search engines. Recent research shows that 
after a search result is clicked, users often continue navigating on 
the destination site because in many cases a single document 
cannot satisfy the information need. The role Web site taxonomies 
play in this post-search navigation phase has not yet been 
researched. In this paper we analyze in an empirical study of three 
highly-frequented Web sites how Web site taxonomies influence 
the next browsing steps of users arriving from a search engine. 
The study reveals that users not randomly explore the destination 
site, but proceed to the direct child nodes of the landing page with 
significantly higher frequency compared to the other linked pages. 
We conclude that the common post-search navigation strategy in 
taxonomies is to descend towards more specific results. The study 
has interesting implications for the presentation of search results. 
Current search engines focus on summarizing the linked 
document only. In doing so, search engines ignore the fact the 
linked documents are in many cases just the starting point for 
further navigation. Based on the observed post-search navigation 
strategy, we propose to include information about child nodes of 
linked documents in the presentation of search results. Users 
would benefit by saving clicks, because they could not only 
estimate whether the linked document provides useful 
information, but also whether post-search navigation is promising.  

Categories and Subject Descriptors 
H.5.4 [Information Systems]: Information Interfaces and 
Presentation – Hypertext/Hypermedia;  

Keywords 
Search Result Presentation, Taxonomies, Clickstreams 

1. INTRODUCTION 
Without systems for crawling and indexing Web contents, the 
largest information source of the planet could not be utilized as it 
is today. Consequently, search engines and related technologies 
have attracted a lot of research interest in recent years. Current 
search engines are document-centric in a way that they return a 
list of ranked documents. However, in their original context the 
documents are usually part of a site. Each site has its own, 
handcrafted information architecture. Information architecture, 

which is independent from the underlying technical system, is the 
way information is organized, labeled and linked. It is 
handcrafted, because humans know best how to organize 
information for human access. For example, information 
architects spend much effort on dividing the content in different 
sections, on finding meaningful labels and on arranging them in 
taxonomies for creating hierarchical menus. At the same time, the 
information architecture is of crucial importance for the usability 
and, thus, the success of the site. Today and in the near future 
automated keyword-extraction and clustering algorithms will not 
be able to solve this task as well as humans do. But developing the 
information architecture is not only human creativity but 
engineering. Methods as Card Sorting [1] are used to arrange 
pages based on surveys. User reactions are observed in usability 
labs with methods such as eye tracking. Web analytics are applied 
to iteratively increase user satisfaction and conversion rates [2]. 
Usability involves many factors, but as we outline in Section 3, 
well-designed Web site taxonomies, understood as the 
hierarchical arrangement of documents in different menu levels, 
are of particular importance.  
Given the effort usability experts spend on designing taxonomies, 
one would expect that this semantic information is very valuable 
for augmenting Web search results. Surprisingly, except 
displaying extracted breadcrumb trails (cf. Section 2), current 
search engines do not yet utilize taxonomy data. The simple 
reason is that Web site taxonomies were not available in the past. 
HTML allows to model nested lists but not to define site-wide 
taxonomies for navigation. Instead, the taxonomies are only 
visually encoded. By this, we mean that humans can easily 
distinguish e.g. the main menu that represents the main content 
sections and thus the first level of the Web site taxonomy as well 
as the second navigation level based on its visual features and 
position. Machines in contrast cannot extract these semantics from 
the HTML code. However, two current developments change this 
situation:  

• More and more Web sites use structured data markup to 
encode machine-readable knowledge. That includes, e.g., a 
semantic formalization of breadcrumb trails1 specified by 
Schema.org, which is an initiative of the major search engine 
operators. Breadcrumb trails show the position of a page in a 
Web site taxonomy. By combining the breadcrumb trails of 
each page the whole Web site taxonomy can be retrieved.  

• Novel data mining methods allow extracting taxonomy data 
from sites based on mining navigation elements. The search 
engine Google, e.g., is able to recognize breadcrumb trails in 
many cases, even if they do not have semantic annotations. 

                                                                 
1 Cf. http://ui-patterns.com/patterns/Breadcrumbs 
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Our own work includes a method for mining Web site menus 
[3] as foundation for extracting the underlying taxonomies.   

In this paper we present a novel way of utilizing the newly 
available Web site taxonomies for Web search. In more detail, the 
contributions and the structure of this paper are: 

• In Section 3 we provide a definition for Web site taxonomies 
and analyze that usability experts attach great importance to 
them.  

• Current search engines focus on delivering the most 
interesting documents, but we argue in Section 4 that this 
paradigm does not match current research results on search 
strategies. We conclude that search engines should also try to 
give information if a document is a suitable starting point for 
further navigation on the site. We provide illustrative 
examples that demonstrate how users can benefit from an 
enhanced presentation of search results as proposed in this 
paper.  

• In Section 5, we present an empirical study based on usage 
data of three highly-frequented Web sites that supports our 
findings. The role taxonomies play in post-search navigation 
has not yet been researched. The study reveals that users tend 
to navigate along the edges of the Web site taxonomy down 
towards more specific results, when arriving from a search 
engine. This means that the user’s next browsing steps can be 
predicted effectively and, moreover, that information about 
the most interesting next browsing steps can be included in 
the presentation of the search results.  

2. RELATED WORK 
The PageRank algorithm [4], which is the foundation of Google’s 
ranking method, models the Web as a graph, defined by 
documents and hyperlinks. That model is an abstraction of the 
human perception, in which also sites, site sections and content 
hierarchies can be distinguished. This abstraction is inherent to 
current search engines as Google, Bing or Yandex, which are 
optimized to return the most interesting individual documents as a 
ranked list (they do not return the most interesting sites or site 
sections).  Thus, the largest part of research on search engines 
addresses the fundamental problem of composing the result list. 
This includes ranking (e.g. [5]), diversification (e.g. [6]) and 
personalization (e.g. [7]). Other work focusses on the presentation 
of search results, e.g. by clustering the results [8] or improving the 
visual arrangement [9], but to our knowledge, integrating 
taxonomy information as proposed in this paper has not been 
discussed before. However, the search engine Google does 
already integrate taxonomy information in another way, by 
displaying mined breadcrumb trails (cf. Figure 1). Details about 
the mining method are not published. In contrast, so-called deep-
links as supported by Google and Bing (cf. Figure 4 (1)), are not 
based on the original Web site taxonomy, but on ranking 
algorithms.   
A lot of work exists on extracting or generating taxonomies from 
Web content, usually based on text analysis, hyperlink structure, 
URL structure or a combination of these features 
(e.g.[10],[11],[12]). However, these works do not aim at 
recovering the original taxonomies as designed by the information 
architects (cf. definition in Section 3). In our previous work we 
were presenting novel methods to close this gap [3].  
Semantic search is a research topic that aims at utilizing the Web 
of Data for augmenting traditional search with additional 
information, determining the context of a query based on domain 
knowledge or overcoming the traditional document-centric 

approach by query answering technologies. As Guha et al. [13] 
have observed, there are two kinds of searches, navigational 
searches and research searches. They argue that semantic search 
attempts to improve research searches. Since the Web of Data is a 
promising source of taxonomy information, our paper shows that 
rich markup can be used to improve navigational searches, too.  
Using click-through data to improve ranking is a common 
approach, but few works consider data from user interaction with 
the linked resources. A detailed analysis of different features 
capturing the searcher’s behavior on the landing page can be 
found in [14]. Complete post-click navigation trails have been 
studied and it was shown that users do not only benefit from the 
information on the landing page and the destination, but also from 
the intermediate pages [15][16]. To our knowledge, the influence 
of taxonomies on post-search navigation was not studied before.   

3. WEB SITE TAXONOMIES 
In Web-related research, the terms hierarchy and taxonomy are 
sometimes used as synonyms, sometimes used with different 
meanings. Based on an information architecture point of view, we 
propose the following definition, which is used in the rest of this 
paper:  
Definition: The term Web site taxonomy denotes labels for a 
group of Web resources of the same site and a logical tree 
structure in which they are arranged. The labels and the tree 
structure are designed with the purpose of facilitating access to 
resources. Each label describes the associated document and the 
documents associated with all descendant labels.   
Thus, in this paper Web site taxonomies are understood as the 
logical organization behind the hierarchical menus that can be 
found on almost all Web sites. The nodes of the tree structure are 
given by labels, but each label is associated with a document. 
Labels that are not leaves represent multiple resources. For 
example, the node “sports” in a Web site taxonomy of a news site 
subsumes a large number of individual documents associated with 
descendant nodes, e.g. “soccer”. Thus, the tree edges can be 
interpreted as type-subtype relationships and we prefer the term 
taxonomy to hierarchy. Web site taxonomies as understood in this 
paper are logical structures, not link structures.   
To understand the role taxonomies play for accessing Web sites, it 
is helpful to switch to the perspective of usability experts.  There 
is a broad agreement on the importance of taxonomies (i.e., 
hierarchies) for Web site organization. Well-designed taxonomies 
are the “foundation of almost all good information architectures” 
[1], hierarchical structures are “far and away the most common” 
[2] so that “most Web sites have some kind of hierarchy” [17]. 
The whole chapter about Web navigation in [18] assumes an 
underlying taxonomy as a matter of course. As noted in [1] the 
preference of hierarchies may seem “blasphemous” in an 
hypertextual environment, but makes sense from the designer’s or 
information architect’s perspective. Taxonomies are familiar and 
humans “have been organizing information into hierarchies since 
the beginning of time” [1]. The authors of [17] and [18] mention 
two concepts to indicate the user’s position: These are 
highlighting the active menu item and using breadcrumb trails. 
Both concepts are based on an underlying hierarchical content 
organization. From the Web designer’s perspective the idea of 

 
Figure 1. Search result with breadcrumb trail (google.com) 
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We conclude that child links would help users to estimate if 
post-search navigation promises useful information.  

• The findings indicate that child nodes can provide useful 
shortcuts that can be generated without statistical click data. 
They can be more relevant for a user’s search than the 
shortcut links provided by current search engines and can be 
a better model for the next navigation steps. 

• The experiments show that even in case of informational and 
hierarchically organized sites the navigation behavior in 
relation to the taxonomy differs. More research is necessary 
to clarify for which sites child links are suitable and how 
they can be combined with other features. 

6. CONCLUSION AND FUTURE WORK 
In this paper we have demonstrated how Web site taxonomies, 
which are increasingly available to machines, can be utilized to 
further improve the presentation of search results. We have 
analyzed that not only the target document should be summarized 
in search result snippets but also the most interesting options for 
the next navigation steps, which are the child pages in case of 
taxonomies. An empirical study supports our argumentation. By 
analyzing three highly-frequented Web sites we have shown that a 
link to a child node of a landing page receives up to 11 times as 
much hits as a random other link in post-search navigation. Thus, 
child nodes allow users to anticipate the next navigation options 
effectively and help them assessing whether a landing page is a 
good starting point for further exploration. We have also shown 
that child nodes are a promising complement to shortcut links 
current search engines provide based on their ranking algorithms. 
An analysis of the question whether the findings generalize to all 
sites with taxonomies or just some sites with taxonomies was out 
of scope of this paper. Strategies for deciding in which cases 
taxonomy information should be presented, exclusively or in 
combination with other features, are interesting for future 
research, as well as the question, which metrics are suitable.  
Another possible extension of the presented ideas is that, if the 
ranked list of search results contains multiple documents with the 
same parent, the search results can be presented aggregated and 
more clearly arranged. Instead of displaying all child nodes 
separately the parent node with child links could be presented, 
even if the parent itself does not match the search query.  
Search engines could start integrating taxonomy information of 
sites that have semantically annotated breadcrumb trails, 
according to the vocabulary of schema.org. From the breadcumb 
trails of individual pages the complete site taxonomy can easily be 
assembled. If search engines would start utilizing taxonomy 
information, Web developers in turn would be motivated to 
integrate the corresponding semantic markup in their code.  
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