
Search Log Analysis

Jaime Arguello
INLS 509: Information Retrieval

jarguell@email.unc.edu

November 10, 2014

Monday, November 10, 14

mailto:jarguell@email.unc.edu
mailto:jarguell@email.unc.edu


2

Search Log Analysis

• Why is search log analysis important?

• What does a search log look like?

• Using search logs to better understand short- and long-
term search tasks

• Using search logs to infer document relevance and 
ranking mistakes
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Methods for IR Experimentation and 
Evaluation

• Test-collection (batch) evaluation

• User studies

• Search log analysis
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• The experimental set-up is fixed: same queries, same 
corpus, same judgements

• Evaluations are reproducible: keeps us honest and 
allows us to easily measure improvement

• Modifying the system and re-evaluating is easy and free!

• A good way to tune parameters

• Makes error-analysis possible

Test Collection-based Evaluation
advantages
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• Test-collection-building is time and resource intensive

• Human assessors are not users

• Makes assumptions that do not hold true in “real” life: 

‣ relevance is topical

‣ context independent

‣ user independent

‣ stable over time

Test Collection-based Evaluation
disadvantages
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• Can collect lots of data about users’ reactions to a 
system

• The experimenter can manipulate or control the search 
task and the searcher’s internal/external context

• Can collect lots of information about search outcomes

• Can be used to study unique populations of users

User Study Evaluation
advantages
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• Time and resource intensive, not a particularly good way 
to tune parameters

• The laboratory setting is not the user’s normal 
environment

• Study participants know they are being ‘observed’

• Not a good way to determine the frequency of natural 
events (especially rare ones)

User-Study Evaluation
disadvantages
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• Once a system is deployed, can we reason about how 
it’s performing by analyzing the search log?

• Can we use search-log information to improve its 
performance?

• Can we use search-log information to provide new 
services that enhance the user experience?

Search-Log Analysis
general idea
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• Most search engines save information about every search

‣ the query

‣ a time-stamp

‣ the IP address of the search client

‣ the user id (stored in a cookie)

‣ information about the search client (OS, browser, etc.)

‣ the results that are presented

‣ the results that are clicked

‣ dwell time on a clicked result

‣ ....

What is a Search-Log?
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• This information is very sensitive and very valuable

• There are few publicly available Web search query-logs

‣ the Excite Log (1997): ~18K users, ~50K queries

‣ the AOL Log (2006): 650K users, ~20M queries 

• Why aren’t more search logs publicly available?

‣ competitive reasons

‣ privacy reasons

What is a Search-Log?
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What is a Search-Log?
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• It’s surprisingly easy to identify a person based on their 
queries

• Users prefer to remain anonymous

• We issue lots of “interesting” queries:

‣ “how to tell a fake rolax”

‣ “pictures of stars in the solar system”

‣ “biggest star in the universe”

‣ “effective ways to fish a lizard”

‣ “why does my iguana bob its head”

Search-Logs and Privacy

(AOL query-log)
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What does a Search-Log Look Like?
1024071 taraji henson 2006-03-02 00:28:45 4 http://www.tv.com
1024071 taraji henson 2006-03-02 00:28:45 1 http://www.imdb.com
1024071 the flavor of love vh1 2006-03-02 00:31:01 1 http://www.vh1.com
1024071 the flavor of love hoops 2006-03-02 00:38:32 1 http://www.vh1realityworld.com
1024071 beyonce 2006-03-02 22:42:05 1 http://www.beyonceonline.com
1024071 beyonce 2006-03-02 22:42:05 6 http://www.imdb.com
1024071 afc fighting  2006-03-04 22:35:33 2 http://sfuk.tripod.com
1024071 din thomas march 4th 2006-03-05 23:38:54 1 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 3 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 9 http://man-magazine.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 nit free picks 2006-03-15 14:02:21 1 http://www.docsports.com
1024071 1490 am radio 2006-03-15 14:48:01 8 http://www.1490wwpr.com
1024071 1490 am radio fl 2006-03-15 14:50:08 2 http://www.ontheradio.net
1024071 benihanas 2006-03-16 17:27:25 1 http://www.benihana.com
1024071 2006 winter music fest miami fl 2006-03-22 00:35:20 1 http://www.wintermusicconference.com
1024071 hotmail 2006-04-01 18:49:02 1 http://www.hotmail.com
1024071 my space 2006-04-02 01:21:41 1 http://www.myspace.com
1024071 my space 2006-04-02 15:59:20 1 http://www.myspace.com
1024071 my space 2006-04-02 22:03:10 1 http://www.myspace.com
1024071 nba jams super nintendo cheats 2006-04-03 21:06:11 2 http://www.elook.org
1024071 my space 2006-04-03 21:16:00 1 http://www.myspace.com
1024071 charlie's dodge fort pierce 2006-05-08 20:06:17 1 http://www.dealernet.com
1024071 charlie's dodge of fort pierce used cars 2006-05-08 20:09:27 2 http://www.automotive.com
1024071 justin timberlake new album 2006-05-12 16:21:36 4 http://www.mtv.com
1024071 mike epps 2006-05-13 19:45:56 6 http://www.hollywood.com
1024071 mike epps bio 2006-05-13 19:51:05 4 http://movies.aol.com
1024071 mike epps bio 2006-05-13 19:51:05 9 http://www.moono.com
1024071 mike epps bio 2006-05-13 19:55:56 14 http://video.barnesandnoble.com
1024071 mike epps bio 2006-05-13 19:55:56 21 http://www.hbo.com
1024071 mike epps bio 2006-05-13 20:01:06 24 http://www.vh1.com
1024071 mind freak 2006-05-14 00:46:18 10 http://video.google.com
1024071 criss angel mind freak 2006-05-14 12:53:35 1 http://www.crissangel.com
1024071 criss angel mind freak 2006-05-14 12:53:35 8 http://www.imdb.com
1024071 06-06-06 2006-05-14 22:29:11 1 http://www.timesonline.co.uk
1024071 show and sell auto fort pierce fl 2006-05-15 16:58:53 1 http://www.traderonline.com
1024071 barry bonds homerun ball 714 for sale 2006-05-25 16:25:41 5 http://www.sportsnet.ca
1024071 ufc 60 live results 2006-05-27 23:00:38 4 http://www.prowrestling.com
1024071 ufc 60 live play by play 2006-05-27 23:07:16 4 http://www.24wrestling.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 1 http://www.aplusmodel.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 8 http://www.inc.com
1024071 locating serial number on rolex 2006-05-30 21:51:34 1 http://www.qualitytyme.net (AOL query-log)
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What does a Search-Log Look Like?
1024071 taraji henson 2006-03-02 00:28:45 4 http://www.tv.com
1024071 taraji henson 2006-03-02 00:28:45 1 http://www.imdb.com
1024071 the flavor of love vh1 2006-03-02 00:31:01 1 http://www.vh1.com
1024071 the flavor of love hoops 2006-03-02 00:38:32 1 http://www.vh1realityworld.com
1024071 beyonce 2006-03-02 22:42:05 1 http://www.beyonceonline.com
1024071 beyonce 2006-03-02 22:42:05 6 http://www.imdb.com
1024071 afc fighting  2006-03-04 22:35:33 2 http://sfuk.tripod.com
1024071 din thomas march 4th 2006-03-05 23:38:54 1 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 3 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 9 http://man-magazine.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 nit free picks 2006-03-15 14:02:21 1 http://www.docsports.com
1024071 1490 am radio 2006-03-15 14:48:01 8 http://www.1490wwpr.com
1024071 1490 am radio fl 2006-03-15 14:50:08 2 http://www.ontheradio.net
1024071 benihanas 2006-03-16 17:27:25 1 http://www.benihana.com
1024071 2006 winter music fest miami fl 2006-03-22 00:35:20 1 http://www.wintermusicconference.com
1024071 hotmail 2006-04-01 18:49:02 1 http://www.hotmail.com
1024071 my space 2006-04-02 01:21:41 1 http://www.myspace.com
1024071 my space 2006-04-02 15:59:20 1 http://www.myspace.com
1024071 my space 2006-04-02 22:03:10 1 http://www.myspace.com
1024071 nba jams super nintendo cheats 2006-04-03 21:06:11 2 http://www.elook.org
1024071 my space 2006-04-03 21:16:00 1 http://www.myspace.com
1024071 charlie's dodge fort pierce 2006-05-08 20:06:17 1 http://www.dealernet.com
1024071 charlie's dodge of fort pierce used cars 2006-05-08 20:09:27 2 http://www.automotive.com
1024071 justin timberlake new album 2006-05-12 16:21:36 4 http://www.mtv.com
1024071 mike epps 2006-05-13 19:45:56 6 http://www.hollywood.com
1024071 mike epps bio 2006-05-13 19:51:05 4 http://movies.aol.com
1024071 mike epps bio 2006-05-13 19:51:05 9 http://www.moono.com
1024071 mike epps bio 2006-05-13 19:55:56 14 http://video.barnesandnoble.com
1024071 mike epps bio 2006-05-13 19:55:56 21 http://www.hbo.com
1024071 mike epps bio 2006-05-13 20:01:06 24 http://www.vh1.com
1024071 mind freak 2006-05-14 00:46:18 10 http://video.google.com
1024071 criss angel mind freak 2006-05-14 12:53:35 1 http://www.crissangel.com
1024071 criss angel mind freak 2006-05-14 12:53:35 8 http://www.imdb.com
1024071 06-06-06 2006-05-14 22:29:11 1 http://www.timesonline.co.uk
1024071 show and sell auto fort pierce fl 2006-05-15 16:58:53 1 http://www.traderonline.com
1024071 barry bonds homerun ball 714 for sale 2006-05-25 16:25:41 5 http://www.sportsnet.ca
1024071 ufc 60 live results 2006-05-27 23:00:38 4 http://www.prowrestling.com
1024071 ufc 60 live play by play 2006-05-27 23:07:16 4 http://www.24wrestling.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 1 http://www.aplusmodel.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 8 http://www.inc.com
1024071 locating serial number on rolex 2006-05-30 21:51:34 1 http://www.qualitytyme.net (AOL query-log)

what 
kinds of 
things 

could we 
do with 

this?

Monday, November 10, 14

http://www.tv.com
http://www.tv.com
http://www.imdb.com
http://www.imdb.com
http://www.vh1.com
http://www.vh1.com
http://www.vh1realityworld.com
http://www.vh1realityworld.com
http://www.beyonceonline.com
http://www.beyonceonline.com
http://www.imdb.com
http://www.imdb.com
http://sfuk.tripod.com
http://sfuk.tripod.com
http://www.mmaringreport.com
http://www.mmaringreport.com
http://www.mmaringreport.com
http://www.mmaringreport.com
http://man-magazine.com
http://man-magazine.com
http://tarheelblue.collegesports.com
http://tarheelblue.collegesports.com
http://tarheelblue.collegesports.com
http://tarheelblue.collegesports.com
http://www.docsports.com
http://www.docsports.com
http://www.1490wwpr.com
http://www.1490wwpr.com
http://www.ontheradio.net
http://www.ontheradio.net
http://www.benihana.com
http://www.benihana.com
http://www.wintermusicconference.com
http://www.wintermusicconference.com
http://www.hotmail.com
http://www.hotmail.com
http://www.myspace.com
http://www.myspace.com
http://www.myspace.com
http://www.myspace.com
http://www.myspace.com
http://www.myspace.com
http://www.elook.org
http://www.elook.org
http://www.myspace.com
http://www.myspace.com
http://www.dealernet.com
http://www.dealernet.com
http://www.automotive.com
http://www.automotive.com
http://www.mtv.com
http://www.mtv.com
http://www.hollywood.com
http://www.hollywood.com
http://movies.aol.com
http://movies.aol.com
http://www.moono.com
http://www.moono.com
http://video.barnesandnoble.com
http://video.barnesandnoble.com
http://www.hbo.com
http://www.hbo.com
http://www.vh1.com
http://www.vh1.com
http://video.google.com
http://video.google.com
http://www.crissangel.com
http://www.crissangel.com
http://www.imdb.com
http://www.imdb.com
http://www.timesonline.co.uk
http://www.timesonline.co.uk
http://www.traderonline.com
http://www.traderonline.com
http://www.sportsnet.ca
http://www.sportsnet.ca
http://www.prowrestling.com
http://www.prowrestling.com
http://www.24wrestling.com
http://www.24wrestling.com
http://www.aplusmodel.com
http://www.aplusmodel.com
http://www.inc.com
http://www.inc.com
http://www.qualitytyme.net
http://www.qualitytyme.net


15

• Spelling corrections

• Query suggestions

• Query expansion

• Query classification: informational, navigational, 
transactional

• Vertical selection and presentation

• Personalization

• Detecting commercial intent (ad placement)

• Predicting query ambiguity

• Evaluation

• Detecting ranking mistakes

• ...

Usefulness of Search-Logs
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What does a Search-Log Look Like?
1024071 taraji henson 2006-03-02 00:28:45 4 http://www.tv.com
1024071 taraji henson 2006-03-02 00:28:45 1 http://www.imdb.com
1024071 the flavor of love vh1 2006-03-02 00:31:01 1 http://www.vh1.com
1024071 the flavor of love hoops 2006-03-02 00:38:32 1 http://www.vh1realityworld.com
1024071 beyonce 2006-03-02 22:42:05 1 http://www.beyonceonline.com
1024071 beyonce 2006-03-02 22:42:05 6 http://www.imdb.com
1024071 afc fighting  2006-03-04 22:35:33 2 http://sfuk.tripod.com
1024071 din thomas march 4th 2006-03-05 23:38:54 1 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 3 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 9 http://man-magazine.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 nit free picks 2006-03-15 14:02:21 1 http://www.docsports.com
1024071 1490 am radio 2006-03-15 14:48:01 8 http://www.1490wwpr.com
1024071 1490 am radio fl 2006-03-15 14:50:08 2 http://www.ontheradio.net
1024071 benihanas 2006-03-16 17:27:25 1 http://www.benihana.com
1024071 2006 winter music fest miami fl 2006-03-22 00:35:20 1 http://www.wintermusicconference.com
1024071 hotmail 2006-04-01 18:49:02 1 http://www.hotmail.com
1024071 my space 2006-04-02 01:21:41 1 http://www.myspace.com
1024071 my space 2006-04-02 15:59:20 1 http://www.myspace.com
1024071 my space 2006-04-02 22:03:10 1 http://www.myspace.com
1024071 nba jams super nintendo cheats 2006-04-03 21:06:11 2 http://www.elook.org
1024071 my space 2006-04-03 21:16:00 1 http://www.myspace.com
1024071 charlie's dodge fort pierce 2006-05-08 20:06:17 1 http://www.dealernet.com
1024071 charlie's dodge of fort pierce used cars 2006-05-08 20:09:27 2 http://www.automotive.com
1024071 justin timberlake new album 2006-05-12 16:21:36 4 http://www.mtv.com
1024071 mike epps 2006-05-13 19:45:56 6 http://www.hollywood.com
1024071 mike epps bio 2006-05-13 19:51:05 4 http://movies.aol.com
1024071 mike epps bio 2006-05-13 19:51:05 9 http://www.moono.com
1024071 mike epps bio 2006-05-13 19:55:56 14 http://video.barnesandnoble.com
1024071 mike epps bio 2006-05-13 19:55:56 21 http://www.hbo.com
1024071 mike epps bio 2006-05-13 20:01:06 24 http://www.vh1.com
1024071 mind freak 2006-05-14 00:46:18 10 http://video.google.com
1024071 criss angel mind freak 2006-05-14 12:53:35 1 http://www.crissangel.com
1024071 criss angel mind freak 2006-05-14 12:53:35 8 http://www.imdb.com
1024071 06-06-06 2006-05-14 22:29:11 1 http://www.timesonline.co.uk
1024071 show and sell auto fort pierce fl 2006-05-15 16:58:53 1 http://www.traderonline.com
1024071 barry bonds homerun ball 714 for sale 2006-05-25 16:25:41 5 http://www.sportsnet.ca
1024071 ufc 60 live results 2006-05-27 23:00:38 4 http://www.prowrestling.com
1024071 ufc 60 live play by play 2006-05-27 23:07:16 4 http://www.24wrestling.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 1 http://www.aplusmodel.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 8 http://www.inc.com
1024071 locating serial number on rolex 2006-05-30 21:51:34 1 http://www.qualitytyme.net (AOL query-log)

are these 
queries 

independent?
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• Search is a “dialogue” between a user and a search engine

‣ user: query
‣ search engine: search results
‣ user: reformulated query
‣ search engine: new search results

• Each “dialogue” is called a search session

• Each dialogue corresponds to an information need (at 
some level of granularity)

• A dialogue ends when the user is satisfied or gives up

Search Sessions
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• Question: what proportion of search sessions result in 
user-satisfaction?

• The answer may be in the search log

• But, first, we have to recover each individual dialogue

• Requires some amount of “detective work”

• The simplest approaches assume that same-dialogue 
queries are sequential 

• In other words, users engage in one dialogue at a time

• Are there environments where this is or is not a valid 
assumption?

Search Sessions
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1024071 taraji henson 2006-03-02 00:28:45 4 http://www.tv.com
1024071 taraji henson 2006-03-02 00:28:45 1 http://www.imdb.com
1024071 the flavor of love vh1 2006-03-02 00:31:01 1 http://www.vh1.com
1024071 the flavor of love hoops 2006-03-02 00:38:32 1 http://www.vh1realityworld.com
1024071 beyonce 2006-03-02 22:42:05 1 http://www.beyonceonline.com
1024071 beyonce 2006-03-02 22:42:05 6 http://www.imdb.com
1024071 afc fighting  2006-03-04 22:35:33 2 http://sfuk.tripod.com
1024071 din thomas march 4th 2006-03-05 23:38:54 1 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 3 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 9 http://man-magazine.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 nit free picks 2006-03-15 14:02:21 1 http://www.docsports.com
1024071 1490 am radio 2006-03-15 14:48:01 8 http://www.1490wwpr.com
1024071 1490 am radio fl 2006-03-15 14:50:08 2 http://www.ontheradio.net
1024071 benihanas 2006-03-16 17:27:25 1 http://www.benihana.com
1024071 2006 winter music fest miami fl 2006-03-22 00:35:20 1 http://www.wintermusicconference.com
1024071 hotmail 2006-04-01 18:49:02 1 http://www.hotmail.com
1024071 my space 2006-04-02 01:21:41 1 http://www.myspace.com
1024071 my space 2006-04-02 15:59:20 1 http://www.myspace.com
1024071 my space 2006-04-02 22:03:10 1 http://www.myspace.com
1024071 nba jams super nintendo cheats 2006-04-03 21:06:11 2 http://www.elook.org
1024071 my space 2006-04-03 21:16:00 1 http://www.myspace.com
1024071 charlie's dodge fort pierce 2006-05-08 20:06:17 1 http://www.dealernet.com
1024071 charlie's dodge of fort pierce used cars 2006-05-08 20:09:27 2 http://www.automotive.com
1024071 justin timberlake new album 2006-05-12 16:21:36 4 http://www.mtv.com
1024071 mike epps 2006-05-13 19:45:56 6 http://www.hollywood.com
1024071 mike epps bio 2006-05-13 19:51:05 4 http://movies.aol.com
1024071 mike epps bio 2006-05-13 19:51:05 9 http://www.moono.com
1024071 mike epps bio 2006-05-13 19:55:56 14 http://video.barnesandnoble.com
1024071 mike epps bio 2006-05-13 19:55:56 21 http://www.hbo.com
1024071 mike epps bio 2006-05-13 20:01:06 24 http://www.vh1.com
1024071 mind freak 2006-05-14 00:46:18 10 http://video.google.com
1024071 criss angel mind freak 2006-05-14 12:53:35 1 http://www.crissangel.com
1024071 criss angel mind freak 2006-05-14 12:53:35 8 http://www.imdb.com
1024071 06-06-06 2006-05-14 22:29:11 1 http://www.timesonline.co.uk
1024071 show and sell auto fort pierce fl 2006-05-15 16:58:53 1 http://www.traderonline.com
1024071 barry bonds homerun ball 714 for sale 2006-05-25 16:25:41 5 http://www.sportsnet.ca
1024071 ufc 60 live results 2006-05-27 23:00:38 4 http://www.prowrestling.com
1024071 ufc 60 live play by play 2006-05-27 23:07:16 4 http://www.24wrestling.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 1 http://www.aplusmodel.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 8 http://www.inc.com
1024071 locating serial number on rolex 2006-05-30 21:51:34 1 http://www.qualitytyme.net (AOL query-log)
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http://www.mtv.com
http://www.hollywood.com
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1024071 taraji henson 2006-03-02 00:28:45 4 http://www.tv.com
1024071 taraji henson 2006-03-02 00:28:45 1 http://www.imdb.com

1024071 the flavor of love vh1 2006-03-02 00:31:01 1 http://www.vh1.com
1024071 the flavor of love hoops 2006-03-02 00:38:32 1 http://www.vh1realityworld.com

1024071 beyonce 2006-03-02 22:42:05 1 http://www.beyonceonline.com
1024071 beyonce 2006-03-02 22:42:05 6 http://www.imdb.com

1024071 afc fighting  2006-03-04 22:35:33 2 http://sfuk.tripod.com

1024071 din thomas march 4th 2006-03-05 23:38:54 1 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 3 http://www.mmaringreport.com
1024071 mfc march 4th results 2006-03-05 23:45:49 9 http://man-magazine.com

1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com
1024071 unc basketball roster 2006-03-09 23:45:15 2 http://tarheelblue.collegesports.com

1024071 nit free picks 2006-03-15 14:02:21 1 http://www.docsports.com

1024071 1490 am radio 2006-03-15 14:48:01 8 http://www.1490wwpr.com
1024071 1490 am radio fl 2006-03-15 14:50:08 2 http://www.ontheradio.net

1024071 benihanas 2006-03-16 17:27:25 1 http://www.benihana.com

1024071 2006 winter music fest miami fl 2006-03-22 00:35:20 1 http://www.wintermusicconference.com

1024071 hotmail 2006-04-01 18:49:02 1 http://www.hotmail.com

1024071 my space 2006-04-02 01:21:41 1 http://www.myspace.com
1024071 my space 2006-04-02 15:59:20 1 http://www.myspace.com
1024071 my space 2006-04-02 22:03:10 1 http://www.myspace.com

1024071 nba jams super nintendo cheats 2006-04-03 21:06:11 2 http://www.elook.org

1024071 my space 2006-04-03 21:16:00 1 http://www.myspace.com

1024071 charlie's dodge fort pierce 2006-05-08 20:06:17 1 http://www.dealernet.com
1024071 charlie's dodge of fort pierce used cars 2006-05-08 20:09:27 2 http://www.automotive.com

1024071 justin timberlake new album 2006-05-12 16:21:36 4 http://www.mtv.com

(AOL query-log)
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1024071 mike epps 2006-05-13 19:45:56 6 http://www.hollywood.com
1024071 mike epps bio 2006-05-13 19:51:05 4 http://movies.aol.com
1024071 mike epps bio 2006-05-13 19:51:05 9 http://www.moono.com
1024071 mike epps bio 2006-05-13 19:55:56 14 http://video.barnesandnoble.com
1024071 mike epps bio 2006-05-13 19:55:56 21 http://www.hbo.com
1024071 mike epps bio 2006-05-13 20:01:06 24 http://www.vh1.com

1024071 mind freak 2006-05-14 00:46:18 10 http://video.google.com
1024071 criss angel mind freak 2006-05-14 12:53:35 1 http://www.crissangel.com
1024071 criss angel mind freak 2006-05-14 12:53:35 8 http://www.imdb.com

1024071 06-06-06 2006-05-14 22:29:11 1 http://www.timesonline.co.uk

1024071 show and sell auto fort pierce fl 2006-05-15 16:58:53 1 http://www.traderonline.com

1024071 barry bonds homerun ball 714 for sale 2006-05-25 16:25:41 5 http://www.sportsnet.ca

1024071 ufc 60 live results 2006-05-27 23:00:38 4 http://www.prowrestling.com
1024071 ufc 60 live play by play 2006-05-27 23:07:16 4 http://www.24wrestling.com

1024071 how to tell a fake rolax 2006-05-29 14:53:53 1 http://www.aplusmodel.com
1024071 how to tell a fake rolax 2006-05-29 14:53:53 8 http://www.inc.com
1024071 locating serial number on rolex 2006-05-30 21:51:34 1 http://www.qualitytyme.net

(AOL query-log)
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• Time difference: subsequent queries are part of the same 
session if the difference between time-stamps is < t

‣ 30 minutes works well for library search

‣ no value is better than random for web search!

• Common term: subsequent queries are part of the same 
session if they have at least one common term

‣ high precision, low recall strategy

Heuristics for Recovering Search Sessions
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• Rewrite classes: subsequent queries are part of the same 
session if they follow common reformulation patterns

‣ add terms, delete terms, replace terms

‣ Q1: “dog coughing after being boarded”

‣ Q2: “dog kennel cough”

‣ Q3: “kennel cough remedies”

‣ Q1 and Q3 have no terms in common, but are still 
considered part of the same session.

‣ Q1-Q2 and Q2-Q3 follow common reformulation 
patterns

Heuristics for Recovering Search Sessions

Monday, November 10, 14
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• Search tasks are not “flat”, they’re hierarchical

• Jones and Klinker defined a two-level hierarchy (draw 
this on the board)

• A similar abstraction is made in discourse analysis

• Goal: a set of queries with the same criteria for success

• Mission:  an extended information need that requires 
satisfying potentially multiple goals

Hierarchical Search Sessions

(Jones and Klinker, 2008)

Monday, November 10, 14
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• Mission: plan a hiking trip near San Francisco

‣ Goal: find list of nearby parks

‣ Goal: driving directions to ano nuevo state reserve

‣ Goal: driving directions to china camp state park

‣ Goal: find weather information

(Jones and Klinker, 2008)

Missions and Goals
example

Monday, November 10, 14
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• 312 Yahoo! users tracked over a span of three days

‣ Some missions span more time (e.g., IR lit-review)

• Annotators organized queries into missions and goals

• Some statistics:

Missions and Goals

(Jones and Klinker, 2008)

QUERY and TIMESTAMP GOAL # MISSION # DESCRIPTION
hiking; san francisco 1 1 MISSION 1:
Tue Apr 17 23:43:17 2007 (4m 17s) Find info on hiking opportunities in and around San Francisco
hiking; san francisco bay area 1 1 GOAL 1:
Tue Apr 17 23:47:34 2007 (4m 59s) Find info on hiking trails in San Francisco and the Bay Area
ano nuevo state reserve 2 1 GOAL 2:
Tue Apr 17 23:52:33 2007 (7m 54s) Navigate to Ano Nuevo State Reserve and �nd out about distances
ano nuevo state reserve; miles 2 1
Wed Apr 18 00:00:27 2007 (3m 34s)
nature trails; san francisco 1 1
Wed Apr 18 00:04:01 2007 (16m 15s)
lobos creek trail 3 1 GOAL 3:
Wed Apr 18 00:20:16 2007 (0m 3s) Navigate to Lobos Creek Trail
china camp state park; san rafael 4 1 GOAL 4:
Wed Apr 18 00:20:19 2007 (2m 35s) Navigate to China Camp, San Rafael and �nd out about distances
china camp; miles 4 1
Wed Apr 18 00:22:54 2007 (20m 2s)
hike; san francisco 1 1
Wed Apr 18 00:42:56 2007 (3m 19s)
fort funston 5 1 GOAL 5:
Wed Apr 18 00:46:15 2007 (1h 51m 26s) Navigate to Fort Funston

MISSION 2:
Find info on car maintenance and repair

brake pads 6 2 GOAL 6:
Wed Apr 18 03:36:47 2007 (16m 36s) Find info on brake pads
auto repair 7 2 GOAL 7:
Wed Apr 18 03:53:23 2007 (8m 0s) Find info on an auto body shop in San Francisco
auto body shop 7 2
Wed Apr 18 04:01:23 2007 (3m 31s)
batteries 8 2
Wed Apr 18 04:04:54 2007 (0m 29s)
car batteries 8 2 GOAL 8:
Wed Apr 18 04:05:23 2007 (2m 8s) Find info on purchasing a car battery
auto body shop; san francisco 7 2
Wed Apr 18 04:07:31 2007 (3m 33s)
buy car battery online free shipping 8 2
Wed Apr 18 04:11:04 2007

Table 1: Sample of a sequence of user queries annotated with goals and missions. Horizontal lines mark
changes in goal, and double horizontal lines mark changes in mission. The description for a goal or mission
is input around the same line as the first query which belongs to that goal or mission. In this example, the
goals are interleaved, but the missions are not. However, in general the missions may be interleaved as well;
in our data 17% of missions were interleaved.

Goals Missions

Num queries
min 1 1
max 52 233
median 2 2

Duration
min 0 mins 0 mins
max 71 hours 71 hours
median 0.42 secs 38 secs

Table 2: Summary statistics about missions and
goals. The distributions of number of queries and
task duration can be seen in Figures 2 and 3.

shows the density of number of queries per goal and mission.
Density plots show Gaussian kernel density estimates, with
bandwidths chosen by Silverman’s rule [16].

63% of goals are under one minute, but 15% spanned 30-
minute periods of inactivity. This means that a 30 minute
time-out will break up 15% of goals. The density of goal
and mission durations are in Fig 3.

Most goals and missions have few queries, though a few
have many queries. Some missions lasted the entire 3 day
session, and those users appeared to make related or re-
peated queries an average of every few hours, in some cases
looking at baby names, or checking up on favorite television
stars. Recall that missions and goals may be interleaved,
so these long durations do not necessarily entail continuous
engagement at some task. 16% of goals are revisited or inter-
leaved with other goals, and 17% of missions are revisited or
interleaved with other missions. Of the interleaved missions,
41% contained multiple goals, whiled 59% contained a single
goal (which was itself interleaved with a goal from another
mission). It is not surprising that users would repeat infor-

mation needs; Teevan et al [20] found that 40% of queries
are “re-finding” queries. In addition, we find that 20% of
missions contain multiple goals. An example mission con-
taining multiple goals consisted of wedding planning queries,
for wedding gowns, invitations, and wedding planning lists.
We also see the evolution of users’ shopping intent over the
course of a mission, with a query for “bridal dresses” on one
day, and another query in the same mission the following
day, containing “bridal dresses” and the name of a bridal
dress store. The user is moving from learning about general
options to bridal dresses, to looking for a particular store to
buy the dress.

Thus any task-segmenting approach which does not con-
sider the hierarchical and interleaved nature of search tasks
will break up tasks which belong together.

In preliminary experiments we found many queries re-
peated immediately after one another, representing either
the user re-issuing the query, hitting the ‘next’ button, re-
freshing the page, or an automatic resubmission on the part
of the browser. Removing the repeated queries decreased the
total number of queries from 8226 to 6043, thus just over a
quarter of all queries were repeats of the previous query.

3.3 Analysis of Session Timeouts
Most previous work has used temporal features, commonly

a “timeout”: an elapsed time of 30 minutes between queries
which signifies that the user has discontinued searching. How-
ever, on our data time does not appear to be an especially
good predictor, particularly of goal boundaries. Precision
for di�erent values of inter-query time-lag are shown in Fig-
ure 4.

In Table 3 we see that a 30-minute threshold on inter-
query interval is more accurate than the baseline (always
guess there is no task boundary between each sequential
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• 15% of goals had at least 30 minutes of inactivity

• 16% of goals were interleaved with other goals

• 17% of missions were interleaved with other missions

• Some missions lasted beyond the 3-day window

• Any approach that segments a search-log sequentially is 
likely to “break-up” queries that have a common 
objective (i.e., a common mission or a common goal) 

Missions and Goals

(Jones and Klinker, 2008)
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• Two possibly non-sequential queries can be predicted to 
belong to the same goal/mission by combining different 
types of evidence

‣ time difference between queries

‣ query-terms in common

‣ the frequency with which other users issued the 
query-pair sequentially (this requires lots of data)

‣ The degree of overlap between the search results from 
both queries

(Jones and Klinker, 2008)

Missions and Goals
their approach

Monday, November 10, 14
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• What do long-term missions look like?

• Recognizing long-term missions may provide ways to 
evaluate search engines by their ability to “point you in 
the right direction”

‣ Evaluation based on single-query satisfaction misses 
the “big picture”

• TREC has a Session-Track that explores this issue

• Search engines may be able to customize results based 
on your “open” missions

(Jones and Klinker, 2008)

Missions and Goals
why is this interesting?
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• Explicit relevance feedback: asking the user whether a 
result is relevant/non-relevant to a query

• Implicit relevance feedback: predicting relevance based 
on user interactions

• People don’t like to provide explicit feedback

• Can we use clicks to predict relevance?

‣ non-obtrusive

‣ inexpensive

‣ lots of data

What about clicks?

Monday, November 10, 14
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• Question: can we use clicks to predict relevance?

• Answering this question requires understanding how 
users behave

• Are all clicks equally predictive of relevance?

• Are their other “forces” (other than relevance) that 
motivate us to click on certain results?

• Applications: on-line learning, session-based retrieval

Implicit Relevance Feedback

Monday, November 10, 14
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click!

Implicit Relevance Feedback
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• First Study 

‣ 34 subjects (all Cornell undergrads)

‣ 10 search tasks (5 navigational + 5 informational)

‣ top-10 Google results

‣ Eye tracking + click-logging

‣ Fixation: spatially stable gaze lasting approximately 
0.2-0.3 seconds

Implicit Relevance Feedback
(Joachims et al., 2005)
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• Which results do users view and click?

The manipulations to the results page were performed by a
proxy that intercepted the HTTP request to Google. None
of the changes were detectable by the subjects and they did
not know that we manipulated the results. When asked
after their session, none of the subjects had suspected any
manipulation.

22 participants were recruited for Phase II of the study
and we were able to record usable eye tracking data for
16 of them. 6 users were in the “normal” condition, 5 in
the “swapped” condition, and 5 in the “reversed” condition.
Again, the participants were students from various majors
with a mean age of 20.4 years.

3.2 Data Capture
The subjects’ eye movements were recorded using an ASL

504 commercial eyetracker (Applied Science Technologies,
Bedford, MA) which utilizes a CCD camera that employs
the Pupil Center and Corneal-Reflection method to recon-
struct a subject’s eye position. GazeTracker, a software ap-
plication accompanying the system, was used for the simul-
taneous acquisition and analysis of the subject’s eye move-
ments [19].

An HTTP-proxy server was established to log all click-
stream data and store all Web content that was accessed
and viewed. In particular, the proxy cached all pages the
user visited, as well as all pages that were linked to in any
results page returned by Google. The proxy did not intro-
duce any noticable delay. In addition to logging all activity,
the proxy manipulated the Google results page according
to the three conditions, while maintaining the appearance
of an authentic Google page. The proxy also automatically
eliminated all advertising content, so that the results pages
of all subjects would look as uniform as possible, with ap-
proximately the same number of results appearing within
the first scroll set. With these pre-experimental controls,
subjects were able to participate in a live search session,
generating unique search queries and results from the ques-
tions and instructions presented to them.

3.3 Eyetracking
We classify eye movements according to the following sig-

nificant indicators of ocular behaviors, namely fixations, sac-
cades, pupil dilation, and scan paths [23]. Eye fixations are
the most relevant metric for evaluating information process-
ing in online search. Fixations are defined as a spatially
stable gaze lasting for approximately 200-300 milliseconds,
during which visual attention is directed to a specific area
of the visual display. Fixations represent the instances in
which most information acquisition and processing occurs
[15, 23].

Other indices, such as saccades, are believed to occur too
quickly to absorb new information [23]. Saccades, for exam-
ple, are the continuous and rapid movements of eye gazes
between fixation points. Because saccadic eye movements
are extremely rapid, within 40-50 milliseconds, it is widely
believed that only little information can be acquired during
this time.

Pupil dilation is a measure that is typically used to indi-
cate an individual’s arousal or interest in the viewed content
matter, with a larger diameter reflecting greater arousal [23].
While pupil dilation could be interesting in our analysis, we
focus on fixations in this paper.
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Figure 1: Percentage of times an abstract was
viewed/clicked depending on the rank of the result.

3.4 Explicit Relevance Judgments
To have a basis for evaluating the quality of implicit rele-

vance judgments, we collected explicit relevance judgments
for all queries and results pages encountered by the users.

For each results page from Phase I, we randomized the
order of the abstracts and asked judges to (weakly) order
the abstracts by how promising they look for leading to rele-
vant information. We chose this ordinal assessment method,
since it was demonstrated that humans can make such rel-
ative decisions more reliably than absolute judgments for
many tasks (see e.g. [3, Page 109]). Five judges (different
from subjects) each assessed the results pages for two of the
questions, plus ten results pages from two other questions for
inter-judge agreement verification. The judges received de-
tailed instructions and examples of how to judge relevance.
However, we explicitly did not use specially trained rele-
vance assessors, since the explicit judgments will serve as an
estimate of the data quality we could expect when asking
regular users for explicit feedback. The agreement between
judges is reasonably high. Whenever two judges expressed
a strict preference between two abstracts, they agree in the
direction of preference in 89.5% of the cases.

For the result pages from Phase II we collected explicit rel-
evance assessments for abstracts in a similar manner. How-
ever, the set of abstracts we asked judges to weakly order
were not limited to the (typically 10) hits from a single re-
sults page, but the set included the results from all queries
for a particular question and subject. The inter-judge agree-
ment on the abstracts is 82.5%. We conjecture that this
lower agreement is due to the less concise judgment setup
and the larger sets that had to be ordered.

To address the question of how implicit feedback relates
to an explicit relevance assessment of the actual Web page,
we collected relevance judgments for the pages from Phase
II following the setup already described for the abstracts.
The inter-judge agreement on the relevance assessment of
the pages is 86.4%.

4. ANALYSIS OF USER BEHAVIOR
In our study we focus on the list of ranked results re-

turned by Google in response to a query. Note that click-
through data on this results page can easily be recorded by
the retrieval system, which makes implicit feedback based
on this page particularly attractive. In most cases, the re-
sults page contains links to 10 pages. Each link is described
by an abstract that consists of the title of the page, a query-
dependent snippet extracted from the page, the URL of the
page, and varying amounts of meta-data.

Implicit Relevance Feedback
(Joachims et al., 2005)

• % of searches where user fixated/clicked a result in rank r
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• Which results do users view?

• Most people view the first two results (almost equally)

• Fewer than half view the third result!

• Only about 10% scroll down to view results below the 
fold!

• Views below the fold are fairly evenly distributed. Any 
ideas why?

Eye Tracking
(Joachims et al., 2005)
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• Which results do users click?

• While the top-two results are viewed almost equally, the 
first result is clicked a lot more than the second

‣ Why? Because the first result is better? Because people 
trust it more?

• Clicks below rank 3 are fairly evenly distributed

Clicks
(Joachims et al., 2005)
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• Users scan results from top to bottom

Figure 2: Mean time of arrival (in number of previ-
ous fixations) depending on the rank of the result.

Before we start analyzing particular strategies for generat-
ing implicit feedback from clicks on the Google results page,
we first analyze how users scan the results page. Knowing
which abstracts the user evaluates is important, since clicks
can only be interpreted with respect to the parts of the re-
sults that the user actually observed and evaluated. The
following results are based on the data from Phase I.

4.1 Which links do users view and click?
One of the valuable aspects of eye-tracking is that we can

determine how the displayed results are actually viewed.
The light bars in Figure 1 show the percentage of results
pages where the user viewed the abstract at the indicated
rank. The abstracts ranked 1 and 2 receive most atten-
tion. After that, attention drops faster. The dark bars im
Figure 1 show the percentage of times a user’s first click
falls on a particular rank. It is very interesting that users
click substantially more often on the first than on the sec-
ond link, while they view the corresponding abstract with
almost equal frequency.

There is an interesting change around rank 6/7, both in
the viewing behavior as well as in the number of clicks. First,
links below this rank receive substantially less attention than
those earlier. Second, unlike for ranks 2 to 5, the abstracts
ranked 6 to 10 receive more equal attention. This can be
explained by the fact that typically only the first 5-6 links
were visible without scrolling. Once the user has started
scrolling, rank appears to becomes less of an influence for
attention. A sharp drop occurs after link 10, as ten results
are displayed per page.

4.2 Do users scan links from top to bottom?
While the linear ordering of the results suggest reading

from top to bottom, it is not clear whether users actually
behave this way. Figure 2 depicts the instance of first arrival
to each abstract in the ranking. The arrival time is measured
by fixations; i.e., at what fixation did a searcher first view
the nth-ranked abstract. The graph indicates that on aver-
age users tend to read the results from top to bottom. In
addition, the graph shows interesting patterns. First, indi-
viduals tend to view the first and second-ranked results right
away, within the second or third fixation, and there is a big
gap before viewing the third-ranked abstract. Second, the
page break also manifests itself in this graph, as the instance
of arrival to results seven through ten is much higher than
the other six. It appears that users first scan the viewable
results quite thoroughly before resorting to scrolling.
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Figure 3: Mean number of abstracts viewed above
and below a clicked link depending on its rank.

Table 2: Percentage of times the user viewed an
abstract at a particular rank before he clicked on a
link at a particular rank.

Viewed Clicked Rank
Rank 1 2 3 4 5 6

1 90.6% 76.2% 73.9% 60.0% 54.5% 45.5%
2 56.8% 90.5% 82.6% 53.3% 63.6% 54.5%
3 30.2% 47.6% 95.7% 80.0% 81.8% 45.5%
4 17.3% 19.0% 47.8% 93.3% 63.6% 45.5%
5 8.6% 14.3% 21.7% 53.3% 100.0% 72.7%
6 4.3% 4.8% 8.7% 33.3% 18.2% 81.8%

4.3 Which links do users evaluate before
clicking?

Figure 3 depicts how many abstracts above and below the
clicked document users view on average. The graph shows
that the lower the click in the ranking, the more abstracts
are viewed above the click. While users do not neccessarily
view all abstracts above a click, they view substantially more
abstracts above than below the click.

Table 2 augments the information in Figure 3 by showing
which particular abstracts users view (rows) before making
a click at a particular rank (columns). For example, the el-
ements in the first two rows of the third data column show
that before a click on link three, the user has viewed ab-
stract two 82.6% of the times and abstract one 73.9% of
the times. In general, it appears that abstracts closer above
the clicked link are more likely to be viewed than abstracts
further above. Another pattern is that the abstract right
below a click is viewed roughly 50% of the times (except
at the page break). Finally, note that the lower-than-100%
values on the diagonal indicate some accuracy limitations of
the eye-tracker.

5. ANALYSIS OF IMPLICIT FEEDBACK
The previous section explored how users scan the results

page and how their scanning behavior relates to the decision
of clicking on a link. We will now explore how relevance
of the document to the query influences clicking decisions,
and vice versa, what clicks tell us about the relevance of a
document. After determining that user behavior depends
on relevance in the next section, we will explore how closely
implicit feedback signals from observed user behavior agree
with the explicit relevance judgments.

Implicit Relevance Feedback
(Joachims et al., 2005)
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• Which results do users evaluate before clicking?

Figure 2: Mean time of arrival (in number of previ-
ous fixations) depending on the rank of the result.

Before we start analyzing particular strategies for generat-
ing implicit feedback from clicks on the Google results page,
we first analyze how users scan the results page. Knowing
which abstracts the user evaluates is important, since clicks
can only be interpreted with respect to the parts of the re-
sults that the user actually observed and evaluated. The
following results are based on the data from Phase I.

4.1 Which links do users view and click?
One of the valuable aspects of eye-tracking is that we can

determine how the displayed results are actually viewed.
The light bars in Figure 1 show the percentage of results
pages where the user viewed the abstract at the indicated
rank. The abstracts ranked 1 and 2 receive most atten-
tion. After that, attention drops faster. The dark bars im
Figure 1 show the percentage of times a user’s first click
falls on a particular rank. It is very interesting that users
click substantially more often on the first than on the sec-
ond link, while they view the corresponding abstract with
almost equal frequency.

There is an interesting change around rank 6/7, both in
the viewing behavior as well as in the number of clicks. First,
links below this rank receive substantially less attention than
those earlier. Second, unlike for ranks 2 to 5, the abstracts
ranked 6 to 10 receive more equal attention. This can be
explained by the fact that typically only the first 5-6 links
were visible without scrolling. Once the user has started
scrolling, rank appears to becomes less of an influence for
attention. A sharp drop occurs after link 10, as ten results
are displayed per page.

4.2 Do users scan links from top to bottom?
While the linear ordering of the results suggest reading

from top to bottom, it is not clear whether users actually
behave this way. Figure 2 depicts the instance of first arrival
to each abstract in the ranking. The arrival time is measured
by fixations; i.e., at what fixation did a searcher first view
the nth-ranked abstract. The graph indicates that on aver-
age users tend to read the results from top to bottom. In
addition, the graph shows interesting patterns. First, indi-
viduals tend to view the first and second-ranked results right
away, within the second or third fixation, and there is a big
gap before viewing the third-ranked abstract. Second, the
page break also manifests itself in this graph, as the instance
of arrival to results seven through ten is much higher than
the other six. It appears that users first scan the viewable
results quite thoroughly before resorting to scrolling.
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Figure 3: Mean number of abstracts viewed above
and below a clicked link depending on its rank.

Table 2: Percentage of times the user viewed an
abstract at a particular rank before he clicked on a
link at a particular rank.

Viewed Clicked Rank
Rank 1 2 3 4 5 6

1 90.6% 76.2% 73.9% 60.0% 54.5% 45.5%
2 56.8% 90.5% 82.6% 53.3% 63.6% 54.5%
3 30.2% 47.6% 95.7% 80.0% 81.8% 45.5%
4 17.3% 19.0% 47.8% 93.3% 63.6% 45.5%
5 8.6% 14.3% 21.7% 53.3% 100.0% 72.7%
6 4.3% 4.8% 8.7% 33.3% 18.2% 81.8%

4.3 Which links do users evaluate before
clicking?

Figure 3 depicts how many abstracts above and below the
clicked document users view on average. The graph shows
that the lower the click in the ranking, the more abstracts
are viewed above the click. While users do not neccessarily
view all abstracts above a click, they view substantially more
abstracts above than below the click.

Table 2 augments the information in Figure 3 by showing
which particular abstracts users view (rows) before making
a click at a particular rank (columns). For example, the el-
ements in the first two rows of the third data column show
that before a click on link three, the user has viewed ab-
stract two 82.6% of the times and abstract one 73.9% of
the times. In general, it appears that abstracts closer above
the clicked link are more likely to be viewed than abstracts
further above. Another pattern is that the abstract right
below a click is viewed roughly 50% of the times (except
at the page break). Finally, note that the lower-than-100%
values on the diagonal indicate some accuracy limitations of
the eye-tracker.

5. ANALYSIS OF IMPLICIT FEEDBACK
The previous section explored how users scan the results

page and how their scanning behavior relates to the decision
of clicking on a link. We will now explore how relevance
of the document to the query influences clicking decisions,
and vice versa, what clicks tell us about the relevance of a
document. After determining that user behavior depends
on relevance in the next section, we will explore how closely
implicit feedback signals from observed user behavior agree
with the explicit relevance judgments.

Implicit Relevance Feedback
(Joachims et al., 2005)
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• Which results do users evaluate before clicking?

Implicit Relevance Feedback
(Joachims et al., 2005)

Figure 2: Mean time of arrival (in number of previ-
ous fixations) depending on the rank of the result.

Before we start analyzing particular strategies for generat-
ing implicit feedback from clicks on the Google results page,
we first analyze how users scan the results page. Knowing
which abstracts the user evaluates is important, since clicks
can only be interpreted with respect to the parts of the re-
sults that the user actually observed and evaluated. The
following results are based on the data from Phase I.

4.1 Which links do users view and click?
One of the valuable aspects of eye-tracking is that we can

determine how the displayed results are actually viewed.
The light bars in Figure 1 show the percentage of results
pages where the user viewed the abstract at the indicated
rank. The abstracts ranked 1 and 2 receive most atten-
tion. After that, attention drops faster. The dark bars im
Figure 1 show the percentage of times a user’s first click
falls on a particular rank. It is very interesting that users
click substantially more often on the first than on the sec-
ond link, while they view the corresponding abstract with
almost equal frequency.

There is an interesting change around rank 6/7, both in
the viewing behavior as well as in the number of clicks. First,
links below this rank receive substantially less attention than
those earlier. Second, unlike for ranks 2 to 5, the abstracts
ranked 6 to 10 receive more equal attention. This can be
explained by the fact that typically only the first 5-6 links
were visible without scrolling. Once the user has started
scrolling, rank appears to becomes less of an influence for
attention. A sharp drop occurs after link 10, as ten results
are displayed per page.

4.2 Do users scan links from top to bottom?
While the linear ordering of the results suggest reading

from top to bottom, it is not clear whether users actually
behave this way. Figure 2 depicts the instance of first arrival
to each abstract in the ranking. The arrival time is measured
by fixations; i.e., at what fixation did a searcher first view
the nth-ranked abstract. The graph indicates that on aver-
age users tend to read the results from top to bottom. In
addition, the graph shows interesting patterns. First, indi-
viduals tend to view the first and second-ranked results right
away, within the second or third fixation, and there is a big
gap before viewing the third-ranked abstract. Second, the
page break also manifests itself in this graph, as the instance
of arrival to results seven through ten is much higher than
the other six. It appears that users first scan the viewable
results quite thoroughly before resorting to scrolling.
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Figure 3: Mean number of abstracts viewed above
and below a clicked link depending on its rank.

Table 2: Percentage of times the user viewed an
abstract at a particular rank before he clicked on a
link at a particular rank.

Viewed Clicked Rank
Rank 1 2 3 4 5 6

1 90.6% 76.2% 73.9% 60.0% 54.5% 45.5%
2 56.8% 90.5% 82.6% 53.3% 63.6% 54.5%
3 30.2% 47.6% 95.7% 80.0% 81.8% 45.5%
4 17.3% 19.0% 47.8% 93.3% 63.6% 45.5%
5 8.6% 14.3% 21.7% 53.3% 100.0% 72.7%
6 4.3% 4.8% 8.7% 33.3% 18.2% 81.8%

4.3 Which links do users evaluate before
clicking?

Figure 3 depicts how many abstracts above and below the
clicked document users view on average. The graph shows
that the lower the click in the ranking, the more abstracts
are viewed above the click. While users do not neccessarily
view all abstracts above a click, they view substantially more
abstracts above than below the click.

Table 2 augments the information in Figure 3 by showing
which particular abstracts users view (rows) before making
a click at a particular rank (columns). For example, the el-
ements in the first two rows of the third data column show
that before a click on link three, the user has viewed ab-
stract two 82.6% of the times and abstract one 73.9% of
the times. In general, it appears that abstracts closer above
the clicked link are more likely to be viewed than abstracts
further above. Another pattern is that the abstract right
below a click is viewed roughly 50% of the times (except
at the page break). Finally, note that the lower-than-100%
values on the diagonal indicate some accuracy limitations of
the eye-tracker.

5. ANALYSIS OF IMPLICIT FEEDBACK
The previous section explored how users scan the results

page and how their scanning behavior relates to the decision
of clicking on a link. We will now explore how relevance
of the document to the query influences clicking decisions,
and vice versa, what clicks tell us about the relevance of a
document. After determining that user behavior depends
on relevance in the next section, we will explore how closely
implicit feedback signals from observed user behavior agree
with the explicit relevance judgments.
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• Users tend to view higher-ranks before clicking on a 
result

• They also look at the one ranked immediately below the 
clicked result (if there is one)

• This is especially the case for rank 7

Implicit Relevance Feedback
(Joachims et al., 2005)
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• Second Study 

‣ 34 subjects (all Cornell undergrads)

‣ 10 search tasks (5 navigational + 5 informational)

‣ top-10 Google results (all results judged by assessors)

‣ 3 conditions

‣ normal: Google results 1-10

‣ swapped: Google results 1 and 2 swapped

‣ reversed: results 1-10 reversed

Implicit Relevance Feedback
(Joachims et al., 2005)
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• Are clicks influenced by relevance (or just rank)?

• Relevance matters

• In the “reversed” condition (Google results 1-10 
reversed), lower-ranked results were clicked more often 
than expected

Implicit Relevance Feedback
(Joachims et al., 2005)
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• So, a click =  a relevance judgement?

• Not quite

• Users click on rank 1 more than rank 2 even when rank 2 
is more relevant (Trust Bias!)

Implicit Relevance Feedback
(Joachims et al., 2005)

5.1 Does relevance influence user decisions?
Before exploring particular strategies for generating rele-

vance judgments from observed user behavior, we first verify
that users react to the relevance of the presented links. We
use the “reversed” condition as an intervention that con-
trollably decreases the quality of the retrieval function and
the relevance of the highly ranked abstracts. Users react to
the degraded ranking in two ways. First, they view lower
ranked links more frequently. In the “reversed” condition
subjects scan significantly more abstracts than in the “nor-
mal” condition. All significance tests reported in this paper
are two-tailed tests at a 95% confidence level. Second, sub-
jects are much less likely to click on the first link, but more
likely to click on a lower ranked link. The average rank of
a clicked document in the “normal” condition is 2.66 and
4.03 in the “reversed” condition. The difference is signifi-
cant according to the Wilcoxon test. Furthermore, the av-
erage number of clicks per query decreases from 0.80 in the
“normal” condition to 0.64 in the “reversed” condition.

This shows that users behavior does depend on the quality
of the presented ranking and that individual clicking deci-
sions are influenced by the relevance of the abstracts. It is
therefore possible that, vice versa, observed user behavior
can be used to assess the overall quality of a ranking, as
well as the relevance of individual documents. In the follow-
ing, we will explore the reliability of several strategies for
extracting implicit feedback from observed user behavior.

5.2 Are clicks absolute relevance judgments?
One frequently used interpretation of clickthrough data

as implicit feedback is that each click represents an endorse-
ment of that page (e.g. [4, 17, 8]). In this interpretation, a
click indicates a relevance assessment on an absolute scale:
clicked documents are relevant. In the following we will show
that such an interpretation is problematic for two reasons.

5.2.1 Trust Bias

Figure 1 shows that the abstract ranked first receives
many more clicks than the second abstract, despite the fact
that both abstracts are viewed much more equally. This
could be due to two reasons. The first explanation is that
Google typically returns rankings where the first link is more
relevant than the second link, and users merely click on the
abstract that is more promising. In this explanation users
are not influenced by the order of presentation, but decide
based on their relevance assessment of the abstract. The
second explanation is that users prefer the first link due to
some level of trust in the search engine. In this explanation
users are influenced by the order of presentation. If this
was the case, the interpretation of a click would need to be
relative to the strength of this influence.

We address the question of whether the users’ evaluation
depends on the order of presentation using the data from
Table 3. The experiment focuses on the top two links, since
these two links are scanned relatively equally. Table 3 shows
how often a user clicks on either link 1 or link 2, on both
links, or on none of the two depending on the manually
judged relevance of the abstract. If users were not influenced
in their relevance assessment by the order of presentation,
the number of clicks on link 1 and link 2 should only depend
on the judged relevance of the abstract. This hypothesis
entails that the fraction of clicks on the more relevant ab-
stract should be the same independent of whether link 1 or

Table 3: Number of clicks on the top two links de-
pending on relevance of the abstracts for the normal
and the swapped condition for Phase II. In the col-
umn headings, +/- indicates whether or not the user
clicked on link l1 or l2 in the ranking. rel() indicates
manually judged relevance of the abstract.

“normal” l−1 ,l−2 l+1 ,l−2 l−1 ,l+2 l+1 ,l+2 total
rel(l1) > rel(l2) 15 19 1 1 36
rel(l1) < rel(l2) 11 5 2 2 20
rel(l1) = rel(l2) 19 9 1 0 29
total 45 33 4 3 85

“swapped” l−1 ,l−2 l+1 ,l−2 l−1 ,l+2 l+1 ,l+2 total
rel(l1) > rel(l2) 11 15 1 1 28
rel(l1) < rel(l2) 17 10 7 2 36
rel(l1) = rel(l2) 36 11 3 0 50
total 64 36 11 3 114

link 2 is more relevant. The table shows that we can reject
this hypothesis with high probablility, since 19/20 is signifi-
cantly different from 2/7 assuming a binomial distribution.
To make sure that the difference is not due to a dependence
between rank and magnitude of difference in relevance, we
also analyze the data from the swapped condition. Table 3
shows that also under the swapped condition, there is still
a strong bias to click on link one even if the second abstract
is more relevant.

We conclude that users have substantial trust in the search
engine’s ability to estimate the relevance of a page, which
influences their clicking behavior.

5.2.2 Quality Bias

We now study whether the clicking behavior depends on
the overall quality of the retrieval system, or only on the
relevance of the clicked link. If there is a dependency on
overall retrieval quality, any interpretation of clicks as im-
plicit relevance feedback would need to be relative to the
quality of the retrieval system.

To address this question, we control the quality of the re-
trieval function using the “reversed” condition and compare
the clicking behavior against the “normal” and “swapped”
condition. In particular, we investigate whether the links
users click on in the “reversed” condition are less relevant
on average. We measure the relevance of an abstract in
terms of its rank (i.e. 1 to 10 for a typical results pages)
as assigned by the relevance judges. We call this number
the relevance rank of an abstract. To focus on results pages
where the users in the “reversed” condition saw less relevant
abstracts, we only consider those cases where the clicks are
not below rank 5. For theses cases, the average relevance
rank of clicks in the “normal” or “swapped” condition is
2.67 compared to 3.27 in the “reversed” condition. The dif-
ference is significant according to the Wilcoxon test.

We conclude that the quality of the ranking influences
the user’s clicking behavior. If the relevance of the retrieved
results decreases, users click on abstracts that are on average
less relevant.

5.3 Are clicks relative relevance judgments?
Interpreting clicks as relevance judgments on an absolute

scale is difficult due to the two effects described above. An
accurate interpretation would need to take into account the
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• So, if there’s a bias in favor of the top results, how can we 
use clicks to predict relevance?

• It’s difficult to use clicks to predict absolute relevance

• Clicks can be used, however, to predict pairwise 
preferences!

Implicit Relevance Feedback
(Joachims et al., 2005)
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• Click > Skip Above: ???

• Last Click > Skip Above: ???

• Click > Earlier Click: ???

• Click > Skip Previous: ???

• Click > No Click Next: ???

Implicit Relevance Feedback
(Joachims et al., 2005)

Rank 1 2 3 4 5 6 7 8 9 10

Click ✓ ✓ ✓ ✓ ✓
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• Click > Skip Above: (3>2), (7>2), (7>4), (7>5), (7>6), 
(8>2), (8>4), (8>5), (8>6), (10>2), (10>4), (10>5), (10>6), 
(10>9)

• Last Click > Skip Above: (10>2), (10>4), (10>5), (10>6), 
(10>9)

• Click > Earlier Click: (3>1), (7>1), (7>3), (8>1),(8>3), 
(10>1), (10>3), (10>7), (10>8)

• Click > Skip Previous: (3>2), (7>6), (10>9)

• Click > No Click Next: (1>2), (3>4), (8>9)

Implicit Relevance Feedback
(Joachims et al., 2005)

Rank 1 2 3 4 5 6 7 8 9 10

Click ✓ ✓ ✓ ✓ ✓
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Implicit Relevance Feedback
(Joachims et al., 2005)

Table 4: Accuracy of several strategies for generating pairwise preferences from clicks. The base of comparison
are either the explicit judgments of the abstracts, or the explicit judgments of the page itself. Error bars are
the larger of the two sides of the 95% binomial confidence interval around the mean.

Explicit Feedback Abstracts Pages
Data Phase I Phase II Phase II
Strategy “normal” “normal” “swapped” “reversed” all all
Inter-Judge Agreement 89.5 N/A N/A N/A 82.5 86.4
Click > Skip Above 80.8 ± 3.6 88.0 ± 9.5 79.6 ± 8.9 83.0 ± 6.7 83.1 ± 4.4 78.2 ± 5.6
Last Click > Skip Above 83.1 ± 3.8 89.7 ± 9.8 77.9 ± 9.9 84.6 ± 6.9 83.8 ± 4.6 80.9 ± 5.1
Click > Earlier Click 67.2 ± 12.3 75.0 ± 25.8 36.8 ± 22.9 28.6 ± 27.5 46.9 ±13.9 64.3 ±15.4
Click > Skip Previous 82.3 ± 7.3 88.9 ± 24.1 80.0 ± 18.0 79.5 ± 15.4 81.6 ± 9.5 80.7 ± 9.6
Click > No Click Next 84.1 ± 4.9 75.6 ± 14.5 66.7 ± 13.1 70.0 ± 15.7 70.4 ± 8.0 67.4 ± 8.2

user’s trust into the quality of the search engine, as well as
the quality of the retrieval function itself. Unfortunately,
trust and retrieval quality are two quantities that are diffi-
cult to measure explicitly.

We will now explore implicit feedback measures that re-
spect these dependencies by interpreting clicks not as ab-
solute relevance feedback, but as pairwise preference state-
ments. Such an interpretation is supported by research in
marketing, which has shown that humans tend to make pair-
wise comparisons among options [24]. The strategies we ex-
plore are based on the idea that not only clicks should be
used as feedback signals, but also the fact that some links
were not clicked on [14, 7]. Consider the example ranking
of links l1 to l7 below and assume that the user clicked on
links l1, l3, and l5.

l∗1 l2 l∗3 l4 l∗5 l6 l7 (1)

While it is difficult to infer whether the links l1, l3, and l5
are relevant on an absolute scale, it is much more plausible
to infer that link l3 is more relevant than link l2. As we have
already established in Sections 4.2 and 4.3, users scan the
list from top to bottom in a reasonably exhaustive fashion.
Therefore, it is reasonable to assume that the user has ob-
served link l2 before clicking on l3, making a decision to not
click on it. This gives an indication of the user’s preferences
between link l3 and link l2. Similarly, it is possible to in-
fer that link l5 is more relevant than links l2 and l4. This
means that clickthrough data does not convey absolute rel-
evance judgments, but partial relative relevance judgments
for the links the user evaluated. A search engine ranking
the returned links according to their relevance should have
ranked link l3 ahead of l2, and link l5 ahead of l2 and l4.
Denoting the user’s relevance assessment with rel(), we get
partial (and potentially noisy) information of the form

rel(l3) > rel(l2), rel(l5) > rel(l2), rel(l5) > rel(l4)

This strategy for extracting preference feedback is summa-
rized as follows.

Strategy 1. (Click > Skip Above)
For a ranking (l1, l2, l3, ...) and a set C containing the ranks
of the clicked-on links, extract a preference example rel(li) >
rel(lj) for all pairs 1 ≤ j < i, with i ∈ C and j #∈ C.

Note that this strategy takes trust bias and quality bias
into account. First, it only generates a preference when the
user explicitly decides to not trust the search engine and
skip over a higher ranked link. Second, since it generates
pairwise preferences only between the documents that the

user evaluated, all feedback is relative to the quality of the
retrieved set.

How accurate is this implicit feedback compared to the
explicit feedback? To address this question, we compare the
pairwise preferences generated from the clicks to the explicit
relevance judgments. Table 4 shows the percentage of times
the preferences generated from clicks agree with the direc-
tion of a strict preference of a relevance judge. On the data
from Phase I, the preferences are 80.8% correct, which is
substantially and significantly (binomial distribution) bet-
ter than the random baseline of 50%. Furthermore, it is
fairly close in accuracy to the agreement of 89.5% between
the explicit judgments from different judges, which can serve
as an upper bound for the accuracy we could ideally expect
even from explicit user feedback.

The data from Phase II shows that the accuracy of the
“Click > Skip Above” strategy does not change significantly
(binomial test) w.r.t. degradations in ranking quality in the
“swapped” and “reversed” condition. As expected, trust
bias and quality bias have no significant effect.

We next explore a variant of “Click > Skip Above”, which
follows the intuition that earlier clicks might be less informed
that later clicks (i. e. after a click, the user returns to the
search page and selects another link). This lead us to the
following strategy, which considers only the last click for
generating preferences.

Strategy 2. (Last Click > Skip Above)
For a ranking (l1, l2, l3, ...) and a set C containing the ranks
of the clicked-on links, let i ∈ C be the rank of the link that
was clicked temporally last. Extract a preference example
rel(li) > rel(lj) for all pairs 1 ≤ j < i, with j #∈ C.

Assuming that l5 was the last click in the example from
above, this strategy would produce the preferences

rel(l5) > rel(l2), rel(l5) > rel(l4).

Table 4 shows that this strategy is slightly more accurate
than “Click > Skip Above”. The difference is significant in
Phase I, but not Phase II (binomial test).

The next strategy we investigate also follows the idea that
later clicks are more informed decisions than earlier clicks.
But, stronger than the “Last Click > Skip Above”, we now
assume that clicks later in time are on more relevant ab-
stracts than earlier clicks.

Strategy 3. (Click > Earlier Click)
For a ranking (l1, l2, l3, ...) and a set C containing the ranks
of the clicked-on links, let t(i) with i ∈ C be the time

• % agreement with pairwise preferences derived from 
relevance judgements from assessors

• Best strategy: a clicked result is more relevant than all 
higher ranked results that were skipped (not clicked)

‣ produces lots of preferences that also happen to agree 
with explicit judgements
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• Users’ clicking decisions are influenced by relevance

• But, they’re also biased in favor of the top results (the 
ones noticed and the ones trusted)

• Clicks should not be used to derive absolute relevance 
judgements

• However, they can be used to derive pairwise preference 
judgements!

• How could we use pairwise preference judgements 
(derived from clicks) to improve a search engine?

Conclusions and Implications
(Joachims et al., 2005)
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