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Origins of the material

¡ Joint work with
§ Richard Berendsen, Marc Bron, Katja Hofmann, Bouke 

Huurnink, Edgar Meij, Gilad Mishne, Wouter Weerkamp, Shimon 
Whiteson

¡ Slides partially based on material by
§ Andrei Broder, Jim Jansen, Danny Levinson, Daniel Rose, 

Fabrizio Silvestri

2

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

3

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

3

What?

giovedì 28 giugno 2012



Another example

Examples Analysis Uses What to do? Wrap-up ContactWhat?

4

What?

giovedì 28 giugno 2012



Another example

Examples Analysis Uses What to do? Wrap-up ContactWhat?

4

What?

giovedì 28 giugno 2012



Another example

Examples Analysis Uses What to do? Wrap-up ContactWhat?

4

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

5

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

5

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

5

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

5

What?

giovedì 28 giugno 2012



Examples Analysis Uses What to do? Wrap-up ContactWhat?

What are we looking at?

¡ It is all about behavior: observable activities of a person, a team, a 
system, …
§ Something that we can detect and record
§ Actions with some purpose
§ Responses to stimuli

¡ Not
§ Affective, cognitive, situational aspects

¡ Not just isolated snapshots but trace data
§ People conducting sequences of activities 
§ Repeat activities
§ Development of behavior over time
§ Repeat searches, sessions, personalization
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Behavior Description

View results Interaction in which user viewed or 
scrolled result pages

    With scrolling User scrolled result page

    Without scrolling User did not scroll result page

    …

Selection Interaction in which user makes a 
selection in the result pages

    Click URL User clicked on a URL

    Next in Set of Result Pages User moved to the next result page

    …
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Some reflections
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Some reflections

¡ Data collection advantages of log data
§ Scale: not a limiting factor as in lab user studies
§ Power: large sample size for inference
§ Scope: allows for study of a range of interactions in a multi-

variable context
§ Location: can be collected in distributed environments
§ Duration: can be collected over extended periods
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§ Scale: not a limiting factor as in lab user studies
§ Power: large sample size for inference
§ Scope: allows for study of a range of interactions in a multi-

variable context
§ Location: can be collected in distributed environments
§ Duration: can be collected over extended periods

¡ Allows data collection without directly interfering with users
§ No observer effect, No observer bias, …
§ Might still happen for data analysis

¡ Issues
§ Abstraction, selection, reduction
§ Context
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Why are logs interesting?
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Why are logs interesting?

¡ People watching

¡ Records of interactions between humans and information retrieval 
engines

¡ Why bother
§ Understand interaction behavior
§ Understand engine usage
§ Optimize engine usage

¡ And what would you do with it?
§ Improve system design
§ Improve models of user behavior
§ Advance searching assistance
§ Revise evaluation methodology
§ Marketing
§ Recommendation
§ … 8
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¡ Long history of transaction log analysis
§ Early studies of the logs created by users of library online public 

access catalog systems (Peters, 1993)
§ Early use Web search engine logs (Jansen and Pooch, 2001)
§ General overview (Silvestri, 2010)
§ More specialized search engines and their transaction logs

§ A few examples

¡ Three frequently used units of analysis
§ The session, the query, the term
§ Definitions vary across studies

Examples
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Peters, 1993

¡ Overview of “the first 25 years of Transaction Log Analysis”
§ Instructive to get a feel for diversity, questions and goals

¡ “A pioneer mentality has pervaded the first quarter century of 
transaction log analysis. Researchers have charged into this new 
territory created by the development of automated IR systems in 
general and transaction logging facilities in particular. … 
Researhcers are still exploring exploring the boundaries and interior 
terrain of the area opened up by automated IR systems with their 
transaction logging capabilities.”

¡ T.A. Peters. The history and development of transaction log analysis. 
Library Hi Tech, 11(2):41–66, 1993.
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Jansen and Pooch, 2001
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Jansen and Pooch, 2001

¡ Survey and comparison of log studies
§ Early web log studies

§ Fireball (German Web search engine, late 1990s)
§ Excite (Web serach engine, late 1990s)
§ Altavista (Web search engine, late 1990s)

§ Traditional IR systems
§ Hsieh-Yee (1993), Koenemann and Belkin (1996), Siegfried, Bates 

and Wilde (1993).
§ OPAC type systems

§ Millsap and Ferl (1993), Peters (1989), Wallace (1993)
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Jansen and Pooch, 2001

¡ Survey and comparison of log studies
§ Early web log studies

§ Fireball (German Web search engine, late 1990s)
§ Excite (Web serach engine, late 1990s)
§ Altavista (Web search engine, late 1990s)

§ Traditional IR systems
§ Hsieh-Yee (1993), Koenemann and Belkin (1996), Siegfried, Bates 

and Wilde (1993).
§ OPAC type systems

§ Millsap and Ferl (1993), Peters (1989), Wallace (1993)

¡ Main insights
§ Differences in manner Web users search versus searching 

characteristics of users on traditional IR or OPAC systems
§ Noticeable variation and use of metrics among studies
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Silvestri (2010)

¡ Extensive survey, highly recommended

¡ Broad range over areas covered
§ Basic statistics
§ User interaction (sessions)
§ Efectiveness
§ Efficiency
§ New directions

13
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Some specialized log file analysis
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Some specialized log file analysis

¡ Mishne and de Rijke (2006)
§ Study the behavior of users of a blog search engine through a 

log file analysis
§ Different queries from web users? Different sessions?
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bookmarking tags, and online documents
§ Look at different domains, correlations between queries and tags

¡ Huurnink et al. (2010)
§ Search behavior of media professionals
§ Map queries to categories associated to documents

¡ Weerkamp et al. (2011)
§ Search behavior at a people search engine
§ Meta-search, very high degrees of ambiguity
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A closer look at people search

¡ Weerkamp et al., People Searching for People: Analysis of a People 
Search Engine Log. SIGIR 2011.

15
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What Analysis

What to do?

Examples

Wrap-upUses
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Making sense

¡ Patterns

¡ Regularities

¡ Categories

¡ Intent

¡ Longitudinal aspects

¡ No session is an island

17
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Power laws

¡ Power laws can be found everywhere in log files
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Categories

¡ What are those queries about?
§ Mishne and De Rijke use Froogle and Yahoo product search

§ Yahoo! directory
§ Use category of top page retrieved: Yahoo! category

§ Froogle
§ Use top shopping category: Froogle category

§ “Map queries to pages for which you have category information, 
and let these pages vote”

§ Coverage: 55% (Yahoo!), 68% (Froogle)

19
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Ad-hoc — Top Yahoo! (L) and Froogle (R)

20

Analysis
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Books, Music and Video
48%

¡ Sample findings
§ In terms of interest areas, blog searchers are more engaged in 

technology and politics than web searchers (2005!)
§ Noticeable interest in named entities: people, brands, 

companies, etc.
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Electronics
5%

Computers
7%

Apparel and Accessories
7%

Home and Garden
9%

Arts and Entertainment
11%

Books, Music and Video
48%

¡ Sample findings
§ In terms of interest areas, blog searchers are more engaged in 

technology and politics than web searchers (2005!)
§ Noticeable interest in named entities: people, brands, 

companies, etc.
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Intent

¡ “The need behind the query”

¡ Smeulders et al. Content-based image retrieval at the end of the 
early years, IEEE TPAMI, 2000
§ Content-based image retrieval queries

§ Target (or known-item) search (when the user has a specific image 
in mind)

§ Category search (retrieving an arbitrary image representative of a 
specific class)

§ Search by association (search starts with no aim other than to find 
interesting things)
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Intent (2)

¡ Broder’s taxonomy used, refined and modfied by many

¡ Rose and Levinson (2004)
§ Transactional → Resource
§ Refinement of Informational and Resource
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¡ Variations
§ Blog search

§ Context queries: locate contexts in which a name appears in the 
blogspace (“iPhone 4S”)

§ Concept queries: locate blogs or blog posts that deal the searcher’s 
interests (“Euro crisis”)
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§ People search
§ High profile

§ Event-based ~ tracking
§ Regular ~ discovery

§ Low profile ~ catching up, discovery
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§ Family session
§ CV session
§ Event session
§ Spotting session
§ …
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What Analysis

What to do?

Examples
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¡ Evaluation

¡ Query expansion

¡ Query suggestion

¡ Simulation and building models of user behavior

¡ Learning to rank

¡ Interleaved comparison

Uses of log files
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Evaluation

¡ Inform evaluation activities about generating test queries
§ TREC blog track
§ TREC session track
§ Invent information need underlying the query

¡ Is a click a judgment?
§ Traditionally, IR experiments use explicit relevance judgements.
§ Annotators examine queries and candidate documents, explicitly 

judging documents for relevance.
§ Use of explicit judgments is problematic

§ judging process takes a lot of time 
§ there can be wide interannotator variation (Harter, 1996)
§ explicit judging may not result in the same assessments that a user 

would generate (Ruthven, 2005)
§ What about using click data from transaction logs to infer 

judgments?
§ (Joachims et al., 2005; Radlinski et al., 2008)
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Evaluation (2)
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Evaluation (2)

¡ Kamps et al. (2009) found large differences between system 
rankings based on explicit relevance assessments and those based 
on click data

¡ In a commercial setting, clicks and relevance may correlate very 
strongly (Hofmann et al, 2010)
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Query expansion

¡ Use correlations between terms in clicked documents and web 
search engine queries for query expansion
§ Cui et al, 2002
§ Can be used as a source of expansion terms

32
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Query expansion (2)

¡ Use query-clicked document information to generate alternative 
representations of the documents
§ Billerbeck et al, 2003
§ Can be used as a source for expansion terms
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Query suggestion

¡ Exploit information on past users' queries
§ Propose to a list of queries related to the one (or the ones, 

considering past queries in the same session) submitted
§ Query suggestion vs. expansion

§ users can select best similar query to refine search instead of having 
query uncontrollably stuffed with many terms

¡ Proposals in the literature
§ Queries suggested from those appearing frequently in query 

sessions
§ Use clustering to devise similar queries on the basis of cluster 

membership
§ Use click-through data information to devise query similarity
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Query suggestion (2)
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Query suggestion (2)

¡ Proposal 1 (Fonseca et al, 2003)
§ If a lot of users, after submitting query Q also submit query Q’, 

then Q’ is a good suggestion for Q.
§ Can be solved as an association rule mining problem

¡ Proposal 2 (Baeza-Yates et al, 2004)
§ Two stages:

§ Offline: Create clusters of past queries based on query text along 
with the text of clicked URLs.

§ Online: Recommends queries on the basis of the input query
§ Find best matching cluster, and within cluster find “best” query

§ Attractiveness in terms of number of clicks generated, similarity, 
popularity, …

¡ Proposal 3 (Craswell et al 2006)
§ Random walks on the query-click bipartite graph (queries and 

clicked URLs), where the edges are symmetric
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Simulation and model building

¡ Models for query generation, models for query generation, models 
for simulating clicks, …
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Simulation and model building

¡ Models for query generation, models for query generation, models 
for simulating clicks, …

¡ Click model simulates user interactions
§ E.g., users traverse result lists from top to bottom
§ For each document they encounter, they decide whether the 

document representation is promising enough to warrant a click
§ E.g., based on URL, title, document snippets, preview

§ If, after clicking on a different, the user’s information need is 
satisfied (likely of the document was relevant), they stop 
browsing the result list. Otherwise, they continue examining the 
result list (likely if the document was not relevant)

36
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¡ What parameters do you need to set?
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Simulation and model building

¡ Models for query generation, models for query generation, models 
for simulating clicks, …

¡ Click model simulates user interactions
§ E.g., users traverse result lists from top to bottom
§ For each document they encounter, they decide whether the 

document representation is promising enough to warrant a click
§ E.g., based on URL, title, document snippets, preview

§ If, after clicking on a different, the user’s information need is 
satisfied (likely of the document was relevant), they stop 
browsing the result list. Otherwise, they continue examining the 
result list (likely if the document was not relevant)

¡ Why is this interesting? Or useful?

¡ What parameters do you need to set?

¡ How do log files help you?
36
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Learning to rank

¡ Compute a global model to assign relevance score to each result 
page
§ First select best features to be used to identify importance of a 

page
§ Then train a machine learning algorithm (classifier/predictor) 

using these features on a ranked subset (training set) to learn a 
model

§ If a document receives a click it is considered relevant for 
the query it has answered

§ If f is a ranking function, we can define its performance as the 
average rank of the click results (lower is better)
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Learning to rank (2)
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Learning to rank (2)

¡ Click on a result is not an unbiased estimator for its importance
§ There is a natural bias towards clicking on top ranked docs
§ What query log features could give an unbiased estimate of 

relevance?

¡ Implicit relevance feedback from click-through data
§ If a user clicks on the i-th result item for a query, she considers it 

to be more important than previous ones
§ Induce relative preferences

¡ How accurate is this implicit feedback compared to explicit 
feedback
§ Joachims et al. (2007) compared pairwise preferences generated 

from clicks to explicit relevance judgments (through a user study)
§ Up to 89.7% (±9.5) preferences from clicks agree with the 

direction of a strict judgment of a human assessor
§ “Last Click > Skip Above”
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Interleaved comparison

¡ Compare rankers using life user interactions (e.g., clicks) that 
naturally occur in retrieval systems
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Interleaved comparison

¡ Compare rankers using life user interactions (e.g., clicks) that 
naturally occur in retrieval systems

¡ To compare two systems (repeat over many queries)
§ Generate an interleaved list for each query based on the two 

rankers
§ User’s clicks on the interleaved list are attributed to each ranker 

based on how they ranked the clicked document
§ The ranker that obtains more clicks deemed superior
§ This simple model has bias and sensitivity issues, but effective 

refinements are known
(Hofmann et al., 2011)
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Interleaved comparison

¡ Compare rankers using life user interactions (e.g., clicks) that 
naturally occur in retrieval systems

¡ To compare two systems (repeat over many queries)
§ Generate an interleaved list for each query based on the two 

rankers
§ User’s clicks on the interleaved list are attributed to each ranker 

based on how they ranked the clicked document
§ The ranker that obtains more clicks deemed superior
§ This simple model has bias and sensitivity issues, but effective 

refinements are known
(Hofmann et al., 2011)

¡ Transfer? Re-use?
§ “Logs again”
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¢ We increasingly live our life online
¢ Interleave on-line and on-earth
¢ Observing and mining human behavior
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Life mining

¡ Highly targeted recommendations
§ Find changes, significant events, plans, …, and recommend 

content and actions
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¢ We increasingly live our life online
¢ Interleave on-line and on-earth
¢ Observing and mining human behavior
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¡ Not all aspects of the search can be monitored

¡ Underlying information need (Rice and Borgman, 1983)

¡ Difficult to compare across transaction log studies of different 
systems due to system dependencies and varying implementations 
of analytical methods

¡ Lack of publicly available logs
§ Experiments not reproducible?

¡ Privacy
§ Queries, clicks, return visits, …, purchases, bookmarking, 

recommendations to friends, your whole life

Limitations of transaction log analysis
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How to get them
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How to get them

¡ Generate them yourself
§ Build your own search engine for a niche
§ Check with your university’s ethics panel
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¡ Generate them yourself
§ Build your own search engine for a niche
§ Check with your university’s ethics panel

¡ Use open sources
§ RSS feeds, Wikipedia stats, Twitter, …

¡ Use your network
§ Convince organizations that do not have them yet, that they 

should get them and then help make sense of them 
§ If the data cannot come to you, you should go to the data

§ Visit someone who has them
§ Do an internship with an organization that generates them

§ You know how they are
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How to get them

¡ Generate them yourself
§ Build your own search engine for a niche
§ Check with your university’s ethics panel

¡ Use open sources
§ RSS feeds, Wikipedia stats, Twitter, …

¡ Use your network
§ Convince organizations that do not have them yet, that they 

should get them and then help make sense of them 
§ If the data cannot come to you, you should go to the data

§ Visit someone who has them
§ Do an internship with an organization that generates them

§ You know how they are

¡ Build simulators — a perfectly valid and respectable way of testing 
your theories
§ But maybe not systems (?)
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Working with large log streams

¡ In house experience
§ Hadoop
§ MongoDB for storage of logs and access
§ Celery to distribute tasks between nodes
§ In-house analyzers

§ Event detection
§ Time series analysis
§ …
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Examples
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Log file analysis
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Log file analysis

¡ Descriptive aspects, different types of analysis, different types of 
uses
§ Very experimental, observational in nature
§ Results and techniques are diverse and fragmented
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¡ Descriptive aspects, different types of analysis, different types of 
uses
§ Very experimental, observational in nature
§ Results and techniques are diverse and fragmented

¡ Why bother with log file analyse?
§ It is all about understanding user behavior at scale and 

without intruding
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Log file analysis

¡ Descriptive aspects, different types of analysis, different types of 
uses
§ Very experimental, observational in nature
§ Results and techniques are diverse and fragmented

¡ Why bother with log file analyse?
§ It is all about understanding user behavior at scale and 

without intruding

¡ Why bother with user behavior?
§ Search is about user behavior
§ Search is getting ever more complex

§ Traditional IR 
§ Structure (link, document, data)
§ User behavior
§ Life mining 46
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¡ Log File Analysis

¡ Maarten de Rijke

¡ derijke@uva.nl
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Factoid

How long did the longest 

search session at Sound 

and Vision last?

816:24:10 
(hh:mm:ss)

Was it a successful 
session?
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