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Overview of Talk

=P « Understanding how users act
— User study of Web search behavior using eye-tracking
« How clicks relate to relevance
— Interpreting clicks as relative vs. absolute feedback
— Dealing with presentation bias
— Accuracy of feedback strategies
« Learning from user behavior
— Learning ranking functions: Ranking SVM




Sources of Feedback

plicit Feedback

=> not representat
Implicit Feedback
— Queries, clicks, time,
mousing, scrolling, etc.

— Personalized,
democratic, timely,
cheap, abundant

— More difficult to
Interpret
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Is Implicit Feedback Reliable?

How do users choose where to click?

How many abstracts do users evaluate
before clicking?

Do users scan abstracts from top to
bottom?

Do users view all abstracts above a
click?

Do users look below a clicked
abstract?

How do clicks relate to relevance?

Absolute Feedback:
Are clicked links relevant? Are not
clicked links not relevant?

Relative Feedback:
Are clicked links more relevant than
not clicked links?

10.
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User Study: Eye-Tracking and Relevance
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— Record the sequence of eye movements
— Analyze how users scan the results page of Google

Relevance Judgements

— Ask relevance judges to explicitly judge the relevance of all
pages encountered

— Compare implicit feedback from clicks to explicit judgments

[Joachims et al., 2005/2007]




What iIs Eye-Tracking?

Eye tracking device

Device to detect and record where
and what people look at

Fixations: ~200-300ms;
Information is acquired

Saccades: extremely rapid
movements between fixations

Pupil dilation: size of pupil
GOUSIQ indicates interest, arousal
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Eye Tracking Measurements
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Experiment Setup

« Task
— Answer 10 questions

— Start with Google
search, no restrictions

— Users unaware of study
goal

« 10 Questions

— Balanced informational
and navigational

« Study (Phase I)
— 36 subjects
— Undergraduate students
— Familiar with Google

Who discovered the first modern antibiotic?

Find the homepage of Emeril - the chef who has a TV
cooking program.

What actor starred as the main character in the original
"Time Machine’ movie? -

Find the page displaying the routemap for Greyhound
buses.

You are excited to cast your vote in the democratic

presidential primary - when can you do s6 in NY?
Find the homepage of Michael Jordan; the statistician.
Where is the tallest - mountain-in NY located?

Find the -homepage for graduate housing at Carnegie
Mellon University.

A friend told you that Mr. Cornell used to live close to
campus = between-University-and Stewart Aves -
does anyone live in his house now; if so, who?

Find the homepage of the 1,000 Acres Dude Ranch.

[Joachims et al., 2005/2007]




How Many Links do Users View?

frequency
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In Which Order are the Results Viewed?

Instance of arrival to each result
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mean fixation value of arrival
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Rank of result

=> Users tend to read the results in order




# times rank selected
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=> Users view links one and two more thoroughly / often
=> Users click most frequently on link one
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Do Users Look Below the Clicked Link?

Viewed

Rank

1

OO WN

56.8%

30.2%
17.3%
8.6%
4.3%

Clicked Rank
2 | 3 4 5 6
76.2%173.9%|60.0% | 54.5% |45.5%
82.6%153.3% 63.6% |54.5%
47.6% 80.0%
19.0%|47.8%
14.3%1(21.7%
4.8% | 8.7%

=> Users typically do not look at links below before they click
(except maybe the next link)




Conclusions: Decision Process

« Users most frequently view two abstracts

« Users typically view results in order from top to bottom
 Users view links one and two more thoroughly and often
 Users click most frequently on link one

« Users typically do not look at links below before they click
(except maybe the next link)

=> Design strategies for interpreting clickthrough
data that respect these properties!




Overview of Talk

« Understanding how users act
— User study of Web search behavior using eye-tracking
=P « How clicks relate to relevance
— Interpreting clicks as relative vs. absolute feedback
— Dealing with presentation bias
— Accuracy of feedback strategies
« Learning from user behavior
— Learning ranking functions: Ranking SVM




Feedback from Clickthrough Data

Relative Feedback: Absolute Feedback:

Clicks reflect preference The clicked links are

between observed links. relevant to the query.

(3<2), I. Kernel Machines Rel(1),

(7 <2), 2. Support Vactor Maching NotRel(2),

(7 <4), /s Shiban Supponectr Machin Rel(3),

(7 <5), 4. An Tntroduction fo Support Vector Machines NotRel(4),

(7 <6) 5. Support Vector Machine and Kernel .. References NotRel(5),
o ML SN | NotRel(6),
7. Tuvent Technologies: SVM demo applet. Rel(7)

http.//svm.research.bell-labs.com/SVT/SVMsvt.html
8. Royal Holloway Support Vector Machine
http://svm.dcs.rhbnc.ac.uk




User Study:
How do Clicks Relate to Relevance?

« Experiment (Phase Il)
— Additional 16 subjects

— EXxperiment setup same at
Phase |

« Manipulated Rankings
— Normal: Google’s ordering
— Swapped: Top Two Swapped
— Reversed: Ranking reversed

—> Manipulations not detected
by subjects

« Manually Judged Relevance
— Abstract
— Page

10.
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http://'www.kernel-machines.org/

Support Vector Machine
http://jbolivar.freeservers.com/

SVM-Light Support Vector Machine
http://ais.gmd.de/~thorsten/svm light/

An Introduction to SVMs
http://www.support-vector.net/

Support Vector Machine and ...
http://svm.bell-labs.com/SVMrefs.html

Archives of SUPPORT-VECTOR...
http://www.jisc.ac.uk/lists/SUPPORT...

Lucent Technologies: SVM demo applet
http://svm.bell-labs.com/SVMsvt.html

Royal Holloway SVM
http://svm.dcs.rhbnc.ac.uk

SVM World
http://www.svmworld.com

Fraunhofer FIRST SVM page
http://svm.first.gmd.de




Presentation Bias

Hypothesis: Order of presentation influences where users
look, but not where they click!

total

“normal” 35
“swapped” 114
=> Users appear to have trust in Google’s ability to

rank the most relevant link first.




Presentation Bias

Hypothests=—Qder of presentation influencesiTeTe USers
NQ Kl Ol WNETE =ehck!
“normal’” total
rel(11) > rel(ly) 36
rel(117) < rel(lo) 20
rel(l1) = rel(l») 29
total 85
“swapped” total
rel(l{) > rel(l») 28
rel(l1) < rel(l») 36
rel(l1) = rel(l) 50
total 114




Quality-of-Context Bias

Hypothesrs:. teiciag depends only.or=the-trR Itself, but
aetorroiner links.

Rank of clicked link as
sorted by relevance judges

Normal + Swapped 2.67
Reversed 3.27

=> Users click on less relevant links, if they are
embedded between irrelevant links.




Are Clicks Absolute Relevance Judgments?

 Clicks depend not only on relevance of a link, but also
— On the position in which the link was presented
— The quality of the other links

=> Interpreting Clicks as absolute feedback extremely
difficult!




Strategies for Generating Relative Feedback

Strategles 1. Kernel Machines
http://'www.kernel-machines.org/
T al P . 9
* Cth > Sklp Above 2. Support Vector Machine

http://jbolivar.freeservers.com/

3. SVM-Light Support Vector Machine

— (3>2), (5>2), (5>4)

. . http://ais.gmd.de/~thorsten/svm light/
o ¢ ~ 9 'p g 4
LaSt Cth Sklp Above 4. An Introduction to SVMs
. (5>2), (5> 4) http://www.support-vector.net/
] . . 5. Support Vector Machine and ...
° “Chck > Earher Chck” http://svm.bell-labs.com/SVMrefs.html
6. Archives of SUPPORT-VECTOR...
— (3> 1), (5> 1), (5>3) http://www.jisc.ac.uk/lists/SUPPORT...
. . . 7. Lucent Technologies: SVM demo applet
° “Cth > Sklp Previous” http://svm.bell-labs.com/SVMsvt.html
_ 8. Royal Holloway SVM
(3>2) ! (5>4) http://svm.dcs.rhbnc.ac.uk
e “Click > Skip Next” 9. SVM World
http://www.svmworld.com
— (1>2), (3>4), (5>6) 10. Fraunhofer FIRST SVM page

http://svm.first.gmd.de




Comparison with Explicit Feedback

Explicit Feedback Abstracts
Data Phase I
Strategy “normal’’
Inter-Judge Agreement 389.5
Click > Skip Above 80.8 £ 3.6
LLast Click > Skip Above | 83.1 £+ 3.8
Click > Earlier Click 67.2 + 12.3
Click > Skip Previous 82.3 + 7.3
Click > No Click Next 84.1 + 4.9

=> All but “Click > Earlier Click” appear accurate




Is Relative Feedback Affected by Bias?

Explicit Feedback Abstracts

Data Phase Il

Strategy “normal” “swapped” | ‘“reversed”

Click > Skip Above 88.0+£95 | 79.6 £89 | 83.0x06.7
Last Click > Skip Above| 89.7 £ 9.8 | 779+ 9.9 | 84.6 £ 6.9
Click > Earlier Click 75.0 £ 2583068 +£22.9)|28.6 £27.5
Click > Skip Previous 88.9+£24.180.0+18.0|79.5+ 154
Click > No Click Next 756 £145|66.7 £13.1]70.0 £ 15.7

= Significantly better than random in all conditions, except
“Click > Earlier Click”




How Well Do Users Judge Relevance Based
on Abstract?

Explicit Feedback Abstracts Pages
Data Phase II
Strategy all all
Inter-Judge Agreement 82.5 86.4
Click > Skip Above 83.1 + 4.4 | 78.2 + 5.6
Last Click > Skip Above | 83.8 &£ 4.6 | 80.9 £ 5.1
Click > Earlier Click 46.9 £13.9 | 64.3 =15.4
Click > Skip Previous 81.6 £ 9.5 | 80.7 &+ 9.6
Click > No Click Next 70.4 £ 8.0 | 67.4 £ 8.2

= clicks based on abstracts reflect relevance of the page well




Feedback across Query Chains
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Conclusions: Implicit Feedback

 Interpreting clicks as absolute feedback is difficult
— Presentation Bias
— Quality-of-Context Bias
* Relative preferences derived from clicks are accurate
— “Click > Skip Above”
— “Last Click > Skip Above”
— “Click > Skip Previous”

Model of User Behavior
Users select the most promising (biased) action among
the alternatives they observed.




