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 ABSTRACT  
Web retrieval methods have evolved through three major steps in the last decade or so. 
They started from standard document -centric IR in the early days of the Web, then made a 
major step forward by leveraging the structure of the Web, using link analysis techniques. A 
more recent, no less important step forward, has been to enter the user in this equation in 
two ways: (1) implicitly , through the analysis of usage data captured by query logs, and 
session and click information in general, the goal being to improve ranking as well as to 
measure user's happiness and engagement; (2) explicitly , by offering novel interactive 
features; the goal here being to better answer users' needs. We cover here the user - related 
challenges associated with the implicit and explicit uses activities, namely:  
Usage data analysis and metrics: It is critical to monitor how users   interact with Web 
retrieval systems, as this   implicit relevant feedback aggregated at a large scale can   
approximate quite accurately the level of success of a given feature. This is the focus of the 
first part of the tutorial.  
User interaction:  Web retrieval engines interact with the user at two key stages, each 
associated with its own challenges: expressing a query and interpreting and using results. 
After quite some stagnation on the front -end of Web retrieval, we have seen numerous novel 
interactive features appear in the last 3 to 4 years, as the leading commercial search engines 
seem to compete for usersô attention. The second part of the tutorial will be dedicated to 
explicit user interaction. We will introduce novel material (as compared to previous versions 
of this tutorial.)  
  
 
 
 
 

An earlier version of this tutorial was given at 
SIGIRô2010 , WSDMô2011 and ECIRô2011  
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1970-90  
Information Retrieval 

Compare queries and 
documents as vectors of words 
ςLƴŦƻǊƳŀǘƛƻƴ wŜǘǊƛŜǾŀƭ άƛƴǾŜƴǘŜŘέ ōȅ 
 Gerry Salton at Cornell: Text analysis, count words 
ώ{ŀƭǘƻƴΩ86ϐ άLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ aƻŘŜǊƴ LƴŦƻǊƳŀǘƛƻƴ 
wŜǘǊƛŜǾŀƭέ 

ςVector Space model (d1 document, q query) 

ς Evaluation on predefined test collections  
(e.g., 300 docs CACM) 

 

1990-96 
Analyze words in millions of Web pages 

Excite, Lycos, Inktomi, Alta-Vista 
ς   HTTP (CERN) and the Web,  

ς   First browser: Mosaic (U of Illinois) 

ς   CƛǊǎǘ ŎǊŀǿƭŜǊ ōȅ CǳȊȊȅ aŀǳƭŘƛƴ ό[ȅŎƻǎΩ ŦƻǳƴŘŜǊύ  

ς   Yahoo! founded as a directory service, 

ς   Evaluation by TREC (NIST) 

 

Looking back  
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Classic IR  

Å  Classic IR  

ï Corpus:  Fixed document collection  

ï Goal:  Retrieve documents with information content that is relevant to userôs 
information need  

Å Classic relevance  

ï For each query Q and stored document D in a given corpus assume there exists a 
relevance score Score(Q, D)  , where  

Score(Q,D) is averaged over users U and contexts C  

ï Optimize Score(Q, D)  as opposed to Score(Q, D, U, C)   

ï In other words, usually:  

1. Corpus is predetermined  

2. Context is ignored  

3. Users are ignored  

 

Bad assumptions 

in the web context 
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1998: Analyze links on a very large scale 

 Google PageRank 
o [Brin ϧ tŀƎŜ ²²²ΩмффуϐΣ ά¢ƘŜ ŀƴŀǘƻƳȅ ƻŦ ŀ 

large-scale hypertextual ǿŜō ǎŜŀǊŎƘ ŜƴƎƛƴŜέΣ  

 IBM Hubs and Authorities 
o ώYƭŜƛƴōŜǊƎ {L!aΩмффуϐΣ ά!ǳǘƘƻǊƛǘŀǘƛǾŜ ǎƻǳǊŎŜǎ 
ƛƴ ŀ ƘȅǇŜǊƭƛƴƪŜŘ ŜƴǾƛǊƻƴƳŜƴǘέ 

 

 

 

 

 

o Recommendation of T by S 

o Evidence that S and T are related 

o wŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ¢ ŀƴŘ ¢Ω 

Then first revolution  

T 

S 

Tô 

 Structure and connectivity 
o ώ.ǊƻŘŜǊ Ŝǘ ŀƭΦ ²²² нлллϐ άGraph structure of 
ǘƘŜ ²Ŝōέ 

 

 

 

 

 

 

 

 

 

Anchor text is a key signal 
o [Eiron & McCurley {LDLwΩнллоϐ άAnalysis of 
ŀƴŎƘƻǊ ǘŜȄǘ ŦƻǊ ǿŜō ǎŜŀǊŎƘέ 
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2000 
Usage Data 

Implicit feedback  
Query logs and Click through data 
 

Live experiments 
Try out experimental features on % of users 

Then the second revolution  

 
 [ Xiaodong  Shi, Technical report, University of Michigan, 2007 ]  

ñSocial Network Analysis of Web Search Engine Query Logsò 
 

[Andy Beal, Market Pilgrim 2005 ]  

ñGoogle Space project at Londonôs Heathrow airport and lab mice in a maze?ò  

AOL query log transcript  
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Today: users rule  

Å2000 - to - date: Usage data & live experiments  

ïA wealth of implicit  information  

ÅQuery logs and CTR represent ñimplicit relevant feedbackò 

ï [ Srikant  et al. KDDô2010] ñUser Browsing Models: Relevance versus 
Examinationò 

ÅIncreased traffic generates more and more usage data  

ÅWisdom of crowds works (see ñdid you meanò) 

ÅDashboards and 1% AKA bucket experiments  

ÅUsersô actions give competitive advantage to the engine 
ranking  

ï Explicit  information from more and more sophisticated users  

ÅFront -end apps and features are the key differentiator  

ÅLaunch and iterate!  
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Goals of todayôs tutorial 

Å Define and organize concepts you are all familiar with, as users.  

Å Identify the technical/research challenges  

Å Some hints on how it works  

Å Some understanding on the explicit/implicit role of users in Web 
search  

Disclaimer!!!  

Most (not all) of this lecture is high - level  

as most algorithms and implementation details are  

 still kept as trade secrets by most search engines  
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Implicit users aspects  

Session 2  



Collective usage data  

ÅUsage data is the new entry barrier for any 
search engine  

ÅThe more it grows, and the better mining 
technologies get, the more relevant search 
results become  

 

ÅCollective usage data is key to  

1. Interpreting usersô information needs  

2. Improving ranking and all search artifacts  
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Query logs: mining queries for ...  

Improving Web search  

Å  Index layout and caching  
 [Baeza -Yates et al, SIGIR 2007 ] ñThe Impact of Caching on 
Search Enginesò  

Å  Features for ranking  

Å  Query intention  

Å  Query recommendations  

Å  Matching advertising  
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Mining queries for ...  

Å User search modelling  

ï [ Baeza -Yates,Hurtado , Mendoza & Dupret ,  LA -WEBô2005] ñModeling 
User Search Behaviorò 

Å Discoverability for search engines & people  

Å User driven Web design  

ï The Web site that the users want  

ï Improve information scent, content & structure  

Å Bootstrap pseudo -semantic resources  
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Web queries  

Å Cultural and educational diversity  

Å Short queries & impatient interaction  

ï  few queries posed & few answers seen  

Å Smaller & different vocabulary  

Å Different user goals  
[Broder, SIGIR Forum 2002 ] ñA Taxonomy of Web Searchò 

ï Information needs  

ïNavigational needs  

ï Transactional needs  

   See refinement by [Rose & Levinson, WWW 

2004 ] ñUnderstanding user goals in web 
search ò 
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Who issues head/tail queries?  

Å Long tail phenomenon  

ï Popular hypothesis: Majority of consumers consistently follow the 
crowd, only eccentrics issue tail queries  

Å Study of long tail  
[ Goel  et al. WSDMô2010] ñAnatomy of the Long Tail: Ordinary 
People with Extraordinary Tastes ò  

ï Extensive study on user preferences for movies, music, Web 
browsing and Web search  

ï Everyone is a bit eccentric, consuming both popular and specialty 
products, e.g., most people have their own 80 -20.  

ï Supporting the tail (products or queries) goes beyond direct 
revenues to second -order gains associated with  

Å increased consumer satisfaction  

Å repeat patronage.  

ï Supporting the tail may boost the head  by providing users a one -
stop shop for both their mainstream and niche interests.  
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Queries and text  
Word distribution in queries  

and in documents  

are different  

 

[ Baeza -Yates & 
Saint -Jean, 
SPIREô2003 ] ñA 
Three Level 
Search Engine 
Index based in 
Query Log 
Distributionò 
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Queries and text  
Word distribution in queries  

in documents now sorted such  

that same word on x  

2 words way more frequent  

in query logs than in documents  

[Baeza -Yates & 
Saint -Jean, 
SPIREô2003 ] ñA 
Three Level 
Search Engine 
Index based in 
Query Log 
Distributionò 
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Queries and text  Log- log plot ï weak correlation  

bw query & document vocabularies  

[Baeza -Yates et 
al, SIGIR 2007]  

ñThe Impact of 
Caching on 
Search Enginesò 
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Queries and text  
Each set with its own power law!  

text  

collection  
queries  
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Other implicit signals  
How far do people look for results?  

Source: iprospect.com iProspect  Blended Search Results Study ï April 2008  
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Evolution of behavior  

ñThe first three pages of search results now appear to be the last frontier ò 

Source: iprospect.com iProspect  Blended Search Results Study ï April 2008  
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ñWhen you [é] donôt find what you 
are looking for, [when] do you [é] 
revise your search, or move on to 
another search engine?ò 

Source: iprospect.com iProspect  Blended Search Results Study ï April 2008  
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Same question over time  

Source: iprospect.com iProspect  Blended Search Results Study ï April 2008  
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Counting queries  

Simplest method: count! and compare  

Application: spelling ï from http://www.google.com/jobs/britney.html  
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Did you mean?  

Å Revolutionized spelling correction by departing from the usual 
dictionary -based model.  

ï Classic approach was to use edit distances to identify typing 
mistakes such as letter inversions [ Kukich , ACM Computing Surveys 
1992] ñTechniques for automatically correcting words in textò 

ï Instead, ñDid you meanò learns its spelling corrections simply from 
usage and a great deal of usage.  

Å Extensive use of query logs analysis  

ï Frequency  

ï Transition  

ï Clicks  
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Clustering queries  

Å Define relations among queries  

ï Common words: sparse set  

ï Common clicked URLs: better  

ï Natural clusters  

Å Define distance function among queries  

ï Content of clicked URLs  [Baeza -Yates, Hurtado  & Mendoza, Web 
Intelligence 2004 ] ñRanking Boosting based in Query Clusteringò 

Å Using search results to measure the similarity between queries  

ï [ Sahami  and Heilman  WWWô2006 ] ñA Web based  Kernel Function for 
Measuring the Similarity of Short Text Snippetsò who propose a 
method for:  
 ñmeasuring the similarity between short text snippets (even those without any 
overlapping terms) by leveraging web search results to provide greater context 
for the short textsò 
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Challenges  

Å Can we cluster queries well?  

Å Can we assign user goals to clusters?  
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Evaluating query similarity  

ÅCluster text of clicked pages  

ïInfer query clusters using a vector model  

 

 
 
 

ï Unbias the effect of the rank and the interface in the 
clicks  

ÅPseudo - taxonomies for queries  

ïReal language (slang?) of the Web  

ïCan be used for classification purposes  
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Using the clusters  

Å Improved ranking  

ï [Baeza -Yates, Hurtado  & Mendoza, JASIST 2007 ] ñImproving search 
engines by query clusteringò 

Å Word classification  

ï Synonyms & related terms are in the same cluster  

ïHomonyms ( polysemy ) are in different clusters  

Å Query recommendation (ranking queries!)   

ïReal queries, not query expansion  
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Relating queries  

q1  q2 q3 q4  queries  

pages     

clicks    
common  

words  

common session  

common  

clicks  

w w 

common terms  

links  

[ Baeza -Yates, SOFSEMô2007- Theory and Practice of Computer Science ] 
ñGraphs from Search Engine Queriesò 
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 Qualitative analysis  

Link spam  Medium  Weak  Link  

Term spam  Low  Medium  Term  

Click spam  Medium  High  Click  

Physical 
sessions  

High  Medium  Session  

Polysemy  High  Medium  Word  

Noise  Sparsity  Strength  Graph  
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Query log:  edge=lexical relation  
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Query log: edge = subsequent queries  
(Reversed chronological order)  
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Query log:  edge=common result click  
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Beyond counting: query flow analysis  
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Å Correct  

Å Specialize  

Å Generalize  

Å Parallel Move  

Notification: 18/Sep/2009 

[Boldi, Bonchi, Castillo and Vigna Web Intelligence 
2009] άFrom Dango to Japanese Cakes:  Query 
Reformulation Models and tŀǘǘŜǊƴǎέ 

Luxury Barcelona hotels 

Barcelona hotels 
Brcelona 

Barcelona F.C. 

Barcelona 

Cheap Barcelona hotels 

Real Madrid 



Mining query logs + clicks for 
ñresearch sessionsò 

[ Donato, Bonchi, Chi & Maarek WWW 2010 ] ñDo you want to take 
notes? Identifying research missions in Yahoo! Search Padò 

Å Research missions  

ï Defined as a ñset of related and complex information needsò 

Å Travel needs  

Å Education needs  

Å Medical needs  

Å Research missions are conducted during research sessions  

ï Defined as a set of all ñuser activities (queries and clicks) occurring 
during a research mission  

Å May contained queries from distinct sessions  

ÅKey signals: topical coherence and userôs engagement 

ï Account for  

Å 10 % of the search sessions  

Å 25 % of query volume  
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Research session -   a formal definition  

Å A research session R is a maximal order sequence  
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In practiceé 

Å Features extractor:   computes ~ 30 features from queries stream  

ï Textual features:  

Å size of the intersection on character - level 3-grams  

Å cosine similarity computed on sets of stemmed words  

ï Session features: number of clicks and queries since the beginning of 
the session  

ï Time related features: interval between two queries  

Å Research detector :  boosted decision tree that decides whether 
two queries q1 and q2 belong to the same research task  

Å q1 = house buying in Palo Alto q2 = Real estate Bay Area q3 = pizza hut  

Å research(q1, q2) = 1 research(q2, q3) = 0  
 

Å Mission boundaries detector :  boosted decision tree that decides 
if two queries q 1 and q 2 are topically coherent and thus 

susceptible to be part of the same mission .  
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An application: Search Pad*  
More details in  Session 3  

Appears when  
research session 
is identified  
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*removed on April 
20ï web search 
interface is a 
moving ground!  



Beyond search: implicit folksonomy ?  
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 Set relations  

Å  Identical sets: equivalence  

Å  Subsets:  specificity  

ï  directed edges  

Å  Non empty intersections (with threshold)   

ï  degree of relation  

Å Dual graph: URLs related by queries  

ïHigh degree: multi - topical URLs  
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Implicit knowledge? Webslang !  
[Baeza -Yates & Tiberi  KDDô 2007 ] ñExtracting Semantic 

Relations  from Query Logsò 
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