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Background 

There is no single way to search for information on the web. Depending on userôs knowledge 

about search engines, familiarity with investigated topic, and the purpose of the research 

(preliminary research, high-level research), users might choose to apply different search 

strategies. When users are using search engines to locate needed resources, search query 

is determining factors of success. In case of online searching query is equivalent of user's search 

strategy.  In the course of this project we are going to construct and compare networks of search 

results for different types of queries. Identifying ñtypicalò characteristics and tendencies of 

search results networks for four different types of search queries could potentially contribute to 

search engine optimization. 

 

 

Terminology 

There is no consensus among IR researcher on query classification. After looking at several 

classifications we can conclude that the main criteria for assigning queries to different groups is 

user information need. User information need concept is closely tied to such questions as why 

user is searching for information, and how obtained information can be used (Wilson, p. 662). In 

attempt to define larger categories of search strategies, Gary Marchionini makes distinction 

between two vast categories of search: ñExploratoryò and ñLoop-upò. These categories can be 

defined by userôs goals and another criteria can be called userôs ñrelationshipò with the resource 

(e.g. level of familiarity of the user with particular resource). To explain the concept of look-

up search he draws analogy with search for ñknown itemò in a library (Marchionini, 2006, p.42), 

when patron has an idea of what resource he or she is looking for, and just needs to know the 

ñpathò (e.g. call number) to navigate to this item. On the opposite, Marchioniniôs exploratory 

search takes place when user is interested in gaining knowledge and learning experience, and is 

not aware of what resource would serve better for this purpose.  

 

 Look-up and exploratory search concepts overlap with those of navigational and information 

queries, that are being discussed in papers, focusing on search log analysis (White, Clarke, 

Cucerzan, p. 832). Users who is feeding information queries to search engine, is looking for 

knowledge about certain subject, and essentially is conducting exploratory search. On the other 

hand, users who is constructing navigational search query, targets specific website or a webpage. 
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We can define navigational search as one of the instances of look-up search. In addition to 

navigational and information queries, some researchers define transactional search queries 

(Lewandowski, 2006, p. 261). Users construct transactional queries when they are searching not 

for specific resource, or knowledge, but for entertaining experience or service (e.g. online 

gaming, booking airplane tickets etc).  

 

For the purpose of this study we are constructing two types of queries: navigational and 

information, because we believe that they generate two types of search resultsô hyperlink 

networks with distinctive characteristics. While transactional queries have distinctive 

characteristics, they still can be expressed as navigational or information queries (e.g. searching 

for specific airlines webpage, or for information about morning flight).  

 

 

Past work and motivation  

There are variety of studies relevant to our project. These studies are focusing on either search 

engine optimization, or network analysis of hyperlink networks. The latter are applying network 

analysis to determine characteristics of the website content (e.g. authority/credibility of the 

source, relevance to user information need etc) or to understand the "relationship" between 

different websites (e.g. what motivates website creators to link to other web pages). 

Kleinberg in his paper ñAuthoritative sources in a hyperlinked environmentò conduct analyses of 

the hyperlink structure in order to determine level of credibility of certain websites. Kleinberg 

achieves this goal by identifying the "most central pages" for different types of queries 

(Kleinberg, 1999, p. 607). Study conducted by Park,  Barnett and Nam is examining the network 

of Korea's top 152 websites; by applying network analysis (e.g. using such measures as degree, 

centrality, cluster analysis and network density) authors are trying to reveal affiliation between 

websites reflected in hyperlink connections (Park, Barnett, Nam, 2002).  Another study (Snyder, 

Rosenbaum,1999) addresses dynamic growing process in search results networks by examining 

the number of hyperlink connections between websites in different domains. The last two studies 

are of special interest for us, because similarly to this project they deal with certain sample 

(highly ranked sites, search results) of the larger data set (World Wide Web). It is worth 

mentioning that authors consider hyperlink analyses to be somewhat a "by-product" of search 

engine functionality. Authors are trying to determine if knowledge about hyperlink connections 
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derived with the help of search engines can be used to identify connections between documents 

in the same way as citation information. We can see that authors of these studies are using 

network analysis to reveal relationships and reputation of the resources. In this paper we will 

focus more on typical characteristics of the network structure, and will try to use limited 

information about websites reputation (credibility) and   relationship (belonging to single domain 

name) information about to explain why network has certain structure. 

 

 

Methods 

 

Network structure  

Each network for this study was constructed by running a query, retrieving first one hundred 

results, and connecting websites to each other in a directed network. Resulting network has 

nodes that are representing WebPages, and a directed links (every time one webpage from the 

first one hundred results links to another, we connect two corresponding nodes with the arc).  

  

Algorithm and Implementation  

We have used Perl script with parsers to retrieve first one hundred URLs for a specific query, 

and Yahoo! Site Explorer API to find 100 inbound links for each of results. Every time inbound 

link came from another website from first 100 results, we draw a connection between two nodes. 

We removed nodes that did not have any incoming or outgoing links from the networks. We 

have used Yahoo! Site Explorer API to collect the data we ran several searches for two types of 

queries: information and navigational. Because we are limited by the number of queries we can 

possibly run, we constructed queries related diverse set of topics. While using four different 

types of queries, we are assuming that the user has single information need (e.g. search topic).  

  

Query characteristics and limitations 

All queries are constructed with either free keyword format or a phrase format, with maximum 4 

words in one query. Only English language pages were retrieved for search query. Because we 

had no chance to work with massive amounts of data, we have selected 5 popular topics from 

Yahoo Directory (Health, News, Entertainment, Sport, and Government) and we run 

navigational and information queries for each of them: (See Appendix). 
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Network Analysis 

 

Centrality measures: Average Degree 

After comparing the average degree for both navigational and information throughout the 

different topics, we found that 70% of the navigational queries have higher average degree than 

information queries. In information queries, the spread of average degree values is low with a 

standard deviation of 0.008. These values are low and constant among the different topics with 

the lowest average degree of 0.0303030 and the highest average degree of 0.0482759. On the 

opposite, average degree values for navigational queries spread tremendously among the 

different topics: the standard deviation is 0.0459 with lowest average degree of 0.03333 and the 

highest of 0.1521739. Entertainment and Sport related navigational networks have very high 

average degree compared to other topics. The variance between the information and navigational 

networks is more than 0.25, which is very high compared to other topics. The information 

networks are denser than navigational networks across different topics. There are several factors 

that could contribute to higher density: nodes in the information network are better connected 

(have more edges), because websites more actively link to other sites that share the same 

interests (it is true for news sites and blogs). On the opposite,  the navigational network has more 

characteristics of  a preferential than a random network. Because navigational query targets a 

single website, navigational queries tend to have one or few authorities, that have high page rank, 

and are more likely to receive in-links from websites that have recently joined the network.  

Thus, high density contributes to better navigability of informational network.  

 

Centrality measures: Average Closeness and Betweeness 

Average closeness comparison revealed tendency, similar to average degree measure: 70% of 

our navigational networks has higher average closeness compared to information networks. In 

networks resulting from Sport and Government related queries, the variance between the average 

closeness in navigational network and information network is noticeably high. Compared to 

other topics, Sport queriesô networks demonstrated the highest average closeness with 0.4436131 

and the highest variance between information and navigation networks with 0.2772114. These 

numbers can be the evidence of the preferential attachment process, as the website creator is 

more likely to link to the websites that are authorities in this network.  While it makes it easier to 

reach popular websites (e.g. authorities), it does not make the network more navigable, because, 
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authorities do not link to hubs very often. However, average betweennes is higher in navigational 

networks, and it can possibly contribute to better network navigability. 

 

Finding 1: Overall, informational networks tend to have better navigability, and allow users to 

explore various resources by following out-links, while navigational networks are less navigable, 

but allow to reach the most popular websites faster.  

 

Number of disconnected elements in the network.  

We would expect that information queries would have larger number of disconnected elements, 

than navigational, and nodes in disconnected elements are likely to have the same first level 

domain name. This hypotheses is based on the assumption, that information queries are more 

likely to cover several topics (e.g. "attention disorder" can lead to sites discussing disorder in 

childhood, or commercial websites selling treatment, etc) whereas navigational query is more 

likely to return a network with single element.   After examining all networks, we could see that 

only one network (resulting from the navigational query "NATO") consisted of a single element.  

All other networks (both informational and navigational) contained disconnected elements 

usually consisting two or three nodes.  Domain names in two-node elements did not always 

match: while most of the sites had domain name .com (most of the search queries did target .com 

websites), there were samples of other types of pairs: .org linking to .com and vise versa, as well 

as .edu linking to .com websites. On the opposite, in strongly connected elements in navigational 

search queries websites tended to link to those with the same domain name.  

 

Finding 2: The presence of small disconnected elements is not influenced by the query type, and 

domain name of the site providing out-links does not exclusively determine the name of the 

website receiving the out-link.   

 

Page rank. 

We would expect websites for navigational search queries would have the highest page rank in 

the network. We have ran page rank algorithm in Guess, and in some cases (e.g. where the 

navigational query was could be considered ambiguous (e.g. Annan), or the term used for the 

query was very common(e.g. ñmental healthò), several authoritative websites (including sites 

with .gov domain name) with high page rank were present in the network.  
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Figure 1. National Health Institute Network (navigational query) 

 

In terms of search engine optimization, identifying the exact match for common words 

keywords. To illustrate that, we can take a look at Navigational query network on Mental Health:  

 

 

Figure 2. Mental Health Network (navigational query) 

In this network (Figure 2), the websites with the highest page rank are colored with red, and 

nodes with high in-degree are of the largest size. This query was targeting website, 

http://mentalhealth.com. As we can see on the visualization however, sites located below 

targeted website received higher page rank, because all of them are authoritative sources in the 

world of medical information with the domain name .gov . For the information networks, 

websites with the highest page rank are tended to be very authoritative sources in the area of 

health and news: query on breastfeeding and attention disorder returned websites with the 

domain name .gov with the highest page rank; news queries returned authoritative news 

providersôs websites (e.g. BBC website for the information query livejournal.com) 

 

http://mentalhealth.com
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Finding 3: Even in the case of perfect match of the keywords to the website URL (e.g. ñmental 

healthò to mentalhealth.com), authoritative sources (e.g. gov, org) would have the highest page 

rank for both navigational and information query.  

 

Hubs and authorities. We would expect targeted websites in navigational query networks to act 

as network authorities.  We ran in degree algorithm in Guess to identify websites with the 

highest in degree. When we are dealing with such small networks, we are defining nodes with 

high in-degree as authorities, and nodes with high out-degree as hubs (these hubs do not always 

link to authorities, but we are interested in seeing how those hubs to network navigability).  For 

the most cases, targeted website meet our expectation indeed had very high in-degree. However, 

somewhat unexpected finding was the fact that the websites with the same domain name as 

targeted ones are acting as hubs as well. This was true for Reuters and UN Network ( e.g. 

unsystem.org and one of the pages in reuters.com linked to many otherwise not interconnected 

nodes).  

Network clusters. Visual analysis did not reveal any differences between clusters in both types 

of the networks. After running the Wilcoxon test we can see that the value W (sum of 

differences) is 86.5, but p (probability) value equals to 0.1736. The p value is not significant 

enough (e.g. is less than 0,5) to suggest that clustering coefficients of two samples of the network 

will be significantly different. Thus we can not conclude that navigational of informational 

queries are going to generate networks with significantly different clustering coefficient. 

 

Finding 4: For both navigational and information queries popular websites (e.g. wikipedia., 

yahoo directory) serve as hubs.  However, only navigational networks websites with the same 

domain name serve can both as hubs and authorities.   

 

 

Table 1. List of hubs and authorities.  

Navigational Topics Authorities Hubs 

pirates 
caribbean 

Entertain
ment 

Disney.go.com 
 

http://www.mahalo.co
m/Pirates_of_the_Ca
ribbean 

pixar movies www.pixar.com www.kottke.org/tag/pi
xar 

mental health Health www.nmha.org, www.nim.nih.gov ï 

http://www.mahalo.com/Pirates_of_the_Caribbean
http://www.mahalo.com/Pirates_of_the_Caribbean
http://www.mahalo.com/Pirates_of_the_Caribbean
http://www.pixar.com/
http://www.kottke.org/tag/pixar
http://www.kottke.org/tag/pixar
http://www.nmha.org/
http://www.nim.nih.gov/


 9 

www.mentalhealth.samhsa.gov 
www.nimh.nih.gov 

www.refdesk.com 
 

national health 
institute 

 
www.nih.gov 
 

www.nih.gov/icd 

fox news News www.foxnews.com 
www.foxbusiness.com 

En.wikipedia.org 

reuters Africa.reuters.com 
Uk.reuters.com 

www.reuters.com/in
vesting 

nfl Sport www.nfl.com e.wikipedia.org, 
www.nfl.com 

yahoo sports Fantasysports.yahoo.com, 
blog.360.yahoo.com, 
news.yahoo.com 

Sports.yahoo.com 

un Politics www.un.org, www.unsystem.org www.asil.org/resourc
e/un1.htm 

nato www.nato.int Dir.yahoo.com 

Information    

 
johnny depp  

Entertain
ment 

www.imdb.com Squidoo.com 
 

ratatouille www.askmen.com , 
www.rottentomatoes.com 

Ratatouillemovie.net 

attention 
disorder 

Health www.add.org, www.ncpamm.com En.wikipedia.org 

breastfeeding www.ille.org En.wikipedia.org 

livejournal sold  News www.techcrunch.com Techmemo.com, 
news.google.com 

roger clemens 
and steroid 

Baseballsteroidera.com Thebiglead.com 

oj simpson Sport www.crimelibrary.com En.wikipedia.org 

kobe bryant   

kofi annan Politics Globalpolicy.org www.search.com, 
wikiqoute.org 

vladimir putin Kremlin.ru Answer.com 

 

 

 

Correlation between number of returned results and the density of the network (easier to 

take # of nodes and arcs between them). We would expect larger number of results for the 

query is likely to lead to larger number of network elements within the first top 100 search 

results. We have ran queries for several different topics to ensure that correlation if it exists, is 

not influenced by the topic. Thus in some networks dealing with subjects implying 

competitiveness, e.g. IT, and Business, very popular queries: ñnotebookò, ñsubprime mortgageò, 

returned very few results within the top 100. Similarly, the smallest number of results was 

returned for ñlivejournal soldò query, but it generated the most interconnected network. The most 

http://www.mentalhealth.samhsa.gov/
http://www.nimh.nih.gov/
http://www.refdesk.com/
http://www.nih.gov/
http://www.foxnews.com/
http://www.foxbusiness.com/
http://www.reuters.com/investing
http://www.reuters.com/investing
http://www.nfl.com/
http://www.un.org/
http://www.unsystem.org/
http://www.asil.org/resource/un1.htm
http://www.asil.org/resource/un1.htm
http://www.nato.int/
http://www.imdb.com/
http://www.askmen.com/
http://www.rottentomatoes.com/
http://www.add.org/
http://www.ncpamm.com/
http://www.crimelibrary.com/
http://www.search.com/
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likely reason for this is that competitive commercial websites would not like to link to each 

other.  

 
 
 
 
 

Navigational queries 
 

Query N of results N of nodes N of arcs 

pirates caribbean 32,200,000 25 21 

pixar movies 4,590,000 22 17 

mental health 170,000,000 30 30 

national health 
institute 

131,000,000 29 38 

fox news 193,000,000 28 27 

reuters 185,000,000 18 29 

nfl 284,000,000 42 91 

yahoo sports 258,000,000 15 30 

un 2,020,000,000 40 52 

Nato 83,100,000 17 17 

 
Table 1. Correlation between results in navigational networks 

 

Information queries 
 

Query N of results N of nodes N of arcs 

johnny depp 68,400,000 34 39 

ratatouille 25,800,000 33 32 

attention disorder 36,600,000 30 42 

breastfeeding 36,600,000 26 26 

livejournal sold 5,170,000 46 121 

roger clemens and 
steroid 

2,860,000 24 21 

oj simpson 4,680,000 20 17 

kobe bryant 20,800,000 30 34 

vladimir putin 37,400,000 26 29 

 
Table 1. Correlation between results in information networks 

 

Finding 5: We found that no correlation exists between number of nodes and results, and 

possible factors, contributing to the network size are popularity of the subject of the query and 

wiliness of website creators to provide resources. 
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Discussion and conclusion. 

 
While both navigational and informational networks have similarities in structure, which can be 

highly influenced by the query topic, in the course of this project we have identified several 

characteristics, that distinguish information and navigational networks. These network structure 

characteristics can be used by the search engine to identify the type of the query, and make better 

effort to meet user information need. Higher density of informational networks, and larger 

number of websites with high page rank can easily identify informational search query. Presence  

of the websites with the same domain name (e.g. reuters.com/path/to/document) that act both as 

authorities and hubs is would allow to identify navigational query.  

 

Future work.  
We are very interested in continuing working on this topics, and would like to expand this 

experiment. Working with larger set of data, real server logs (e.g. data released by AOL) would 

allow us to validate and expand findings for navigational and informational query networks.  
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Appendix  

Health: 

 
Information:  ñattention disorderò 

Navigational: ñmental healthò 

 

 
Figure 1: ñattention disorder networkò 

 
Figure 2: ñ mental health networkò 
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Information:  ñbreastfeedingò 

Navigational: ñnational health instituteò 

 

 

 
Figure 3: ñbreast feeding networkò 

 

 

 Information 
ñattention disorderò 

Navigational 
 ñmental healthò 

Avg. Degree 0.0482759 0.0344828 

Avg. Indegree Closeness 0.0714694 0.0511111 

Betweeness 0.0011905 0.0003695 

Clustering Coefficient 0.0030556 0 

Avg. Shortest Path 1.43939 1.23077 

Avg,. Input Prestige Proximity 0.0381855 0.0370416 

Avg. Outdegree Closeness 0.0671746 0.0546128 

Avg. All Prestige Proximity 0.02830045 0.1669887 

Avg. All Closeness 0.2894760 0.1748176 



 14 

 
Figure 4: ñnational health institute networkò 

 

 

 

 

 

 

 

 

 

 

Entertainment:  

 Information 
ñbreastfeedingò 

Navigational 
 ñnational health instituteò 

Avg. Degree 0.0400000 0.0467980 

Avg. Indegree Closeness 0.0666353 0.0885990 

Betweeness 0.0010256 0.00049261 

Clustering Coefficient 0 0.0397071 

Avg. Shortest Path 1.41026 1.91525 

Avg,. Input Prestige Proximity 0.0467716 0.0337632 

Avg. Outdegree Closeness 0.0616371 0.0938738 

Avg. All Prestige Proximity 0.2129173 0.3783919 

Avg. All Closeness 0.2208818 0.3816823 
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Inf ormation: ñJohnny Deppò 

Navigational: ñpirates of the Caribbeanò 

 

 
Figure 5: ñJohnny Depp networkò 

 
Figure 6: ñPirates of the Caribbean networkò 
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Information:  ñRatatouilleò  

Navigational: ñPixar Moviesò 
 

 
Figure 7: ñRatatouille networkò 

 

 Information 
ñJohnny Deppò 

Navigational 
 ñpirates of the Caribbeanò 

Avg. Degree 0.0347594 0.0395257 

Avg. Indegree Closeness 0.0534842 0.0642722 

Betweeness 0.0010862 0.0001882 

Clustering Coefficient 0.0210784 0.0507246 

Avg. Shortest Path 1.59091 1.08696 

Avg. Input Prestige Proximity 0.0401787 0.0405138 

Avg. Outdegree Closeness 0.0537566 0.0604915 

Avg. All Prestige Proximity 0.02071926 0.0604915 

Avg. All Closeness 0.0.2113740 0.1702384 
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Figure 8: ñPixar Movies networkò 

 

 

 

 

 

 

 

 

 

 

 

 Information 
ñRatatouilleò 

Navigational 
 ñpixar moviesò 

Avg. Degree 0.0303030 0.0367965 

Avg. Indegree Closeness 0.0477502 0.0645661 

Betweeness 0.0001527 0.0004329 

Clustering Coefficient 0.0090909 0 

Avg. Shortest Path 1.13514 1.19048 

Avg. Input Prestige Proximity 0.0314867 0.0393218 

Avg. Outdegree Closeness 0.0450789 0.0573347 

Avg. All Prestige Proximity 0.1309772 0.1498028 

Avg. All Closeness 0.1419193 0.1692505 
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News: 

 
Information:  ñLive journal soldò 

Navigational: ñFox Newsò 
 

 
Figure 9: ñLive Journal Sold networkò 

 
Figure 10: ñFox News networkò 


