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Structure of the tutorial

1 Part 1

Introduction
Click models
Parameter estimation
Click probabilities
Applications

2 Part 2

Evaluation
Data and tools
Experimental results
Advanced click models
Future research

AC–IM–MdR Click Models for Web Search and their Applications to IR 2



Intro Click models Estimation Click probs Apps Evaluation Data&tools Results Adv models Future Recap

Materials

Authors’ version of the book on which the tutorial is based:

Aleksandr Chuklin, Ilya Markov, Maarten de Rijke. Click
Models for Web Search. Synthesis Lectures on Information
Concepts, Retrieval, and Services. Morgan & Claypool, July,
2015

Code and data samples to follow practical sessions:

Core PyClick https://github.com/markovi/PyClick

Example code for this session
clickmodels.weebly.com/wsdm-2016-tutorial.html

See clickmodels.weebly.com for additional materials
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Outline

1 Introduction

2 Click models

3 Parameter estimation

4 Click probabilities

5 Applications

6 Evaluation

7 Data and tools

8 Results

9 Advanced models

10 Future research

11 Recap
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Web search
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Why clicks?
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Why clicks?

Reflect user interests

Help to improve search

Help to evaluate search

Ongoing and future research: other user search interactions

mouse movements
scrolling
touch gestures
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What can we do with clicks?
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What can we do with clicks?

count
click-through rate (CTR)

Global CTR = # clicks
# shown docs

Rank-based CTR = # clicks at rank r
# shown docs at rank r

Query-document CTR = # u is clicked for q
# u is shown for q

Some notation: u – URL (or document), q – query
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Why click models?
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Why click models?

Scientific modelling is a scientific activity, the aim of which is to
make a particular part or feature of the world easier to understand,
define, quantify, visualize, or simulate by referencing it to existing
and usually commonly accepted knowledge.

Wikipedia, Scientific modelling
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Why click models?

Click models make user clicks in web search
easier to understand, define, quantify, visualize, or simulate

using (mostly) probabilistic graphical models.
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Click log

Yandex Relevance Prediction Challenge
http://imat-relpred.yandex.ru/en
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Why do we need click models?

Understand users

Simulate users

Approximate document relevance

Evaluate search
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Simulating users

Algorithm Simulating user clicks

Input: click model M, query session s
Output: vector of simulated clicks (c1, . . . , cn)

1: for r ← 1 to |s| do
2: Pr ← PM(Cr = 1 | C1 = c1, . . . ,Cr−1 = cr−1)︸ ︷︷ ︸

conditional click probability

3: Generate cr from Bernoulli(Pr )
4: end for
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Approximating document relevance

c1 = 1 → Ru1q

c2 = 0 → Ru2q

c3 = 0 → Ru3q

c4 = 1 → Ru4q

c5 = 0 → Ru5q
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Evaluating search

Utility-based metrics

uMetric =
n∑

r=1

P(Cr = 1)·Ur

Effort-based metrics

eMetric =
n∑

r=1

P(Sr = 1) ·Fr
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Outline

1 Introduction

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model

3 Parameter estimation

4 Click probabilities

5 Applications

6 Evaluation

7 Data and tools
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Outline

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model
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Random click model

Pclick

Pclick

Pclick

Pclick

Pclick
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Random click model

Terminology

Cu – binary random variable denoting a click on document u
Document u is clicked: Cu = 1
Document u is not clicked: Cu = 0
P(Cu = 1) – probability of click on document u
P(Cu = 0) = 1− P(Cu = 1)

Random click model (RCM)

Any document can be clicked with the same (fixed) probability

P(Cu = 1) = const = ρ
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Random click model

Pclick

Pclick

Pclick

Pclick

Pclick

ρ =
# clicks

# shown docs
= Global CTR
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Outline

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model
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Rank-based CTR model

P(Cu1 = 1) = ρ

P(Cu2 = 1) = ρ

P(Cu3 = 1) = ρ

P(Cu4 = 1) = ρ

P(Cu5 = 1) = ρ

P(Cur = 1) = ρr =
# clicks at rank r

# shown docs at rank r
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Query-document CTR model

P(Cu1 = 1) = ρu1q

P(Cu2 = 1) = ρu2q

P(Cu3 = 1) = ρu3q

P(Cu4 = 1) = ρu4q

P(Cu5 = 1) = ρu5q

P(Cu = 1) = ρuq =
# u is clicked for q

# u is shown for q
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CTR models: summary

Random click model (global CTR):

P(Cu = 1) = ρ

Rank-based CTR:

P(Cur = 1) = ρr

Query-document CTR:

P(Cu = 1) = ρuq

AC–IM–MdR Click Models for Web Search and their Applications to IR 26



Intro Click models Estimation Click probs Apps Evaluation Data&tools Results Adv models Future Recap

CTR models: demo

Demo
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Outline

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model
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Position-based model

Pread(1) , Pclick(u1q)

Pread(2), Pclick(u2q)

Pread(3) , Pclick(u3q)

Pread(4) , Pclick(u4q)

Pread(5) , Pclick(u5q)
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Position-based model: examination

Terminology
Examination = reading a snippet

Er – binary random variable denoting examination
of a snippet at rank r

Snippet at rank r is examined: Er = 1

Snippet at rank r is not examined: Er = 0

P(Er = 1) – probability of examination of rank r

P(Er = 0) = 1− P(Er = 1)

Position-based model (PBM)
Examination depends on rank

P(Er = 1) = γr
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Position-based model

γ1 , Pclick(u1q)

γ2 , Pclick(u2q)

γ3 , Pclick(u3q)

γ4 , Pclick(u4q)

γ5 , Pclick(u5q)
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Position-based model: attractiveness

Terminology
Attractiveness = a user wants to click on a document
after examining (reading) its snippet

Au – binary random variable showing whether document u
is attractive to a user, given query q

Document u is attractive: Au = 1

Document u is not attractive: Au = 0

P(Au = 1) – probability of attractiveness of document u

P(Au = 0) = 1− P(Au = 1)

Position-based model (PBM)
Attractiveness depends on a query-document pair

P(Auq = 1) = αuq
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Position-based model

γ1 , αu1q

γ2 , αu2q

γ3 , αu3q

γ4 , αu4q

γ5 , αu5q
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Position-based model: summary

P(Eru = 1) = γru

P(Au = 1) = αuq

P(Cu = 1) = P(Eru = 1) · P(Au = 1)
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Position-based model: probabilistic graphical model

document u

Eu

Cu

Au

↵uq
�ru
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Position-based model: exercises

P(Eru = 1) = γru

P(Au = 1) = αuq

P(Cu = 1) = P(Eru = 1) · P(Au = 1)

Eru = 0⇒ Cu = 0

Au = 0⇒ Cu = 0

Eru = 1⇒ (Cu = 1 ⇐⇒ Au = 1)

Au = 1⇒ (Cu = 1 ⇐⇒ Eru = 1)
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Position-based model: demo

Demo
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Outline

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model
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Position-based model

P(Eru = 1) = γru

P(Au = 1) = αuq

P(Cu = 1) = P(Eru = 1) · P(Au = 1)
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Cascade model

1 Start from the first document

2 Examine documents one by one

3 If click, then stop

4 Otherwise, continue

AC–IM–MdR Click Models for Web Search and their Applications to IR 40
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Cascade model

Er = 1 and Aur = 1⇔ Cr = 1

P(Aur = 1) = αurq

P(E1 = 1)︸ ︷︷ ︸
start from first

= 1

P(Er = 1 | Er−1 = 0)︸ ︷︷ ︸
examine one by one

= 0

P(Er = 1 | Cr−1 = 1)︸ ︷︷ ︸
if click, then stop

= 0

P(Er = 1 | Er−1 = 1,Cr−1 = 0)︸ ︷︷ ︸
otherwise, continue

= 1
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Cascade model: probabilistic graphical model

document urdocument ur�1

Er�1

Cr�1

Ar�1

Er

Cr

Ar

......

↵ur�1q ↵urq
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Click models so far

CTR models

+ count clicks (simple and fast)
– do not distinguish examination and attractiveness

Position-based model (PBM) −→ User browsing model
+ examination and attractiveness
– examination of a document at rank r does not depend

on examinations and clicks above r

Cascade model (CM) −→ Dynamic Bayesian network
+ cascade dependency of examination at r

on examinations and clicks above r
– only one click is allowed

AC–IM–MdR Click Models for Web Search and their Applications to IR 43
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Outline

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model
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Dynamic Bayesian network model

Cascade model −→ Dynamic Bayesian network
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Dynamic Bayesian network model

1 Start from the first document

2 Examine documents one by one

3 If click, read actual document
and can be satisfied

4 If satisfied, stop

5 Otherwise, continue with fixed
probability
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Dynamic Bayesian network model: satisfaction

Terminology
Satisfaction = a user reads the clicked document
and satisfies his/her information need
Su – binary random variable showing whether document u
is satisfactory for query q
P(Su = 1) – probability of satisfactoriness of document u,
P(Su = 0) = 1− P(Su = 1)

Dynamic Bayesian network model (DBN)
If a user is satisfied, he/she stops
Otherwise, continues with fixed probability

P(Er = 1 | Sr−1 = 1)︸ ︷︷ ︸
if satisfied, stop

= 0

P(Er = 1 | Er−1 = 1, Sr−1 = 0)︸ ︷︷ ︸
otherwise, continue

= γ
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Dynamic Bayesian network model: summary

Er = 1 and Aur = 1⇔ Cr = 1

P(Aur = 1) = αurq

P(E1 = 1) = 1

P(Er = 1 | Er−1 = 0) = 0

P(Sr = 1 | Cr = 1)︸ ︷︷ ︸
if click, can be satisfied

= σurq

P(Er = 1 | Sr−1 = 1)︸ ︷︷ ︸
if satisfied, stop

= 0

P(Er = 1 | Er−1 = 1, Sr−1 = 0)︸ ︷︷ ︸
otherwise, continue

= γ
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Dynamic Bayesian network: probabilistic graphical model

document urdocument ur�1

Er�1

Cr�1

Ar�1

Er

Cr

Ar

......

↵ur�1q ↵urq

Sr�1 Sr

�

�ur�1q �urq
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Dynamic Bayesian network model: demo

Demo
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Outline

2 Click models
Random click model
CTR models
Position-based model
Cascade model
Dynamic Bayesian network model
User browsing model
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User browsing model

Position-based model −→ User browsing model

AC–IM–MdR Click Models for Web Search and their Applications to IR 52



Intro Click models Estimation Click probs Apps Evaluation Data&tools Results Adv models Future Recap

Position-based model

γ1 , αu1q

γ2 , αu2q

γ3 , αu3q

γ4 , αu4q

γ5 , αu5q

P(Er = 1 | Cr ′ = 1,Cr ′+1 = 0, . . . ,Cr−1 = 0) = γrr ′
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User browsing model

γ10 , αu1q

γ21 , αu2q

γ31 , αu3q

γ41 , αu4q

γ54 , αu5q

P(Er = 1 | Cr ′ = 1,Cr ′+1 = 0, . . . ,Cr−1 = 0) = γrr ′
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User browsing model: summary

P(Cu = 1) = P(Eru = 1) · P(Au = 1)

P(Au = 1) = αuq

P(Er = 1 |Cr ′ = 1,

Cr ′+1 = 0, . . . ,Cr−1 = 0) = γrr ′
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User browsing model: probabilistic graphical model

document ur

Er

Cr

Ar

...

↵urq

�rr0
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Click models summary

CTR models: counting clicks

Position-based model (PBM): examination and attractiveness

Cascade model (CM): previous examinations and clicks matter

Dynamic Bayesian network model (DBN): satisfactoriness

User browsing model (UBM): rank of previous click
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Outline

1 Introduction

2 Click models

3 Parameter estimation
Maximum likelihood estimation
Expectation maximization

4 Click probabilities

5 Applications

6 Evaluation

7 Data and tools

8 Results

9 Advanced models

10 Future research
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Outline

3 Parameter estimation
Maximum likelihood estimation
Expectation maximization
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MLE for random click model

P(Cu = 1) = ρ

L =
∏
s∈S

∏
u∈s

ρc
(s)
u (1− ρ)1−c(s)

u

︸ ︷︷ ︸
likelihood of Bernoulli random variable

LL =
∑
s∈S

∑
u∈s

(
c

(s)
u log(ρ) + (1− c

(s)
u ) log(1− ρ)

)

ρ =

∑
s∈S

∑
u∈s c

(s)
u∑

s∈S |s|
=

# clicks

# shown docs

AC–IM–MdR Click Models for Web Search and their Applications to IR 60



Intro Click models Estimation Click probs Apps Evaluation Data&tools Results Adv models Future Recap

Outline

3 Parameter estimation
Maximum likelihood estimation
Expectation maximization
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Expectation maximization

1 Set parameters to some initial values
2 Repeat until convergence

E-step: derive the expectation of the likelihood function
M-step: maximize this expectation
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Expectation maximization

Q(θc ) =
∑
s∈S

E
X|C(s),Ψ

[
log P

(
X, C(s) | Ψ

)]

=
∑
s∈S

E
X|C(s),Ψ

[ ∑
ci∈s

(
I
(
X (s)
ci

= 1,P(X (s)
ci

) = p
)

log(θc ) + I
(
X (s)
ci

= 0,P(X (s)
ci

) = p
)

log(1− θc )

)
+ Z

]

=
∑
s∈S

∑
ci∈s

(
P
(
X (s)
ci

= 1,P(X (s)
ci

) = p | C(s)
,Ψ
)

log(θc ) + P
(
X (s)
ci

= 0,P(X (s)
ci

) = p | C(s)
,Ψ
)

log(1− θc )

)
+ Z

ESS(x) =
∑
s∈S

∑
ci∈s

P
(
X (s)
ci

= x,P(X (s)
ci

) = p | C(s)
,Ψ
)

∂Q(θc )

∂θc
=
∑
s∈S

∑
ci∈s

(
P
(
X

(s)
ci

= 1,P(X
(s)
ci

) = p | C(s),Ψ
)

θc
−

P
(
X

(s)
ci

= 0,P(X
(s)
ci

) = p | C(s),Ψ
)

1− θc

)
= 0

θ
(t+1)
c =

∑
s∈S

∑
ci∈s P

(
X

(s)
ci

= 1,P(X
(s)
ci

) = p | C(s),Ψ
)

∑
s∈S

∑
ci∈s

∑x=1
x=0 P

(
X

(s)
ci

= x,P(X
(s)
ci

) = p | C(s),Ψ
)

=

∑
s∈S

∑
ci∈s P

(
X

(s)
ci

= 1,P(X
(s)
ci

) = p | C(s),Ψ
)

∑
s∈S

∑
ci∈s P

(
P(X

(s)
ci

) = p | C(s),Ψ
) =

ESS(t)(1)

ESS(t)(1) + ESS(t)(0)
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EM for user browsing model

User browsing model: rank of previous click

document ur

Er

Cr

Ar

...

↵urq

�rr0

P(Au = 1) = αuq

P(Er = 1 | Cr ′ = 1,Cr ′+1 = 0, . . . ,Cr−1 = 0) = γrr ′
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EM update rules for user browsing model: attractiveness

α
(t+1)
uq =

1

|Suq|
∑
s∈Suq

(
c

(s)
u + (1− c

(s)
u )

(1− γ(t)
rr ′ )α

(t)
uq

1− γ(t)
rr ′ α

(t)
uq

)

t – iteration

Suq – search sessions initiated by query q
and containing document u

c
(s)
u – observed click on document u in search session s
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EM update rules for user browsing model: examination

γ
(t+1)
rr ′ =

1

|Srr ′ |
∑
s∈Srr′

(
c

(s)
u + (1− c

(s)
u )

γ
(t)
rr ′ (1− α(t)

uq )

1− γ(t)
rr ′ α

(t)
uq

)

Srr ′ – search sessions with a click at r ′

and no clicks between r ′ and r
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Click probabilities

Full probability – probability
that a user clicks
on a document at rank r

P(Cr = 1)

Conditional probability –
probability that a user clicks
on a document at rank r
given previous clicks

P(Cr = 1 | C1, . . . ,Cr−1)
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Full click probability

P(Cr = 1) = +
P(Cr = 1 | Er = 1) · P(Er = 1)

P(Cr = 1 | Er = 0) · P(Er = 0)

= P(Aur = 1) · P(Er = 1) + 0

= αurqεr

εr+1 = P(Er+1 = 1)

= +
P(Er = 1) · P(Er+1 = 1 | Er = 1)

P(Er = 0) · P(Er+1 = 1 | Er = 0)

= εr · P(Er+1 = 1 | Er = 1) + 0

= εr ·

(
+
P(Er+1 = 1 | Er = 1,Cr = 1) · P(Cr = 1 | Er = 1)

P(Er+1 = 1 | Er = 1,Cr = 0) · P(Cr = 0 | Er = 1)

)
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Full click probability: Dynamic Bayesian network model

Dynamic Bayesian network model: satisfactoriness

document urdocument ur�1

Er�1

Cr�1

Ar�1

Er

Cr

Ar

......

↵ur�1q ↵urq

Sr�1 Sr

�

�ur�1q �urq

P(Cr+1 = 1) = αur+1qεr ·

(
+
P(Er+1 = 1 | Er = 1,Cr = 1) · P(Cr = 1 | Er = 1)

P(Er+1 = 1 | Er = 1,Cr = 0) · P(Cr = 0 | Er = 1)

)

P(Cr+1 = 1) = αur+1qεr ·

(
+

(1− σurq)γ · αurq

γ · (1− αurq)

)
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Conditional click probability

P(Cr = 1 | C1, . . . ,Cr−1) = P(Cr = 1 | C<r )

= +
P(Cr = 1 | Er = 1,C<r ) · P(Er = 1 | C<r )

P(Cr = 1 | Er = 0,C<r ) · P(Er = 0 | C<r )

= P(Aur = 1) · P(Er = 1 | C<r ) + 0

= αurqεr

εr+1 = +

P(Er+1 = 1 | Er = 1,Cr = 1) · c(s)
r

P(Er+1 = 1 | Er = 1,Cr = 0) · εr (1− αurq)

1− αurqεr
· (1− c(s)

r )

DBN: P(Cr+1 = 1 | C<r+1) = αur+1q ·

+

(1− σurq)γ · c(s)
r

γ · εr (1− αurq)

1− αurqεr
· (1− c(s)

r )


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Click probabilities: summary

Full probability

P(Cr+1 = 1) =

αur+1qεr ·

(
+
P(Er+1 = 1 | Er = 1,Cr = 1) · P(Cr = 1 | Er = 1)

P(Er+1 = 1 | Er = 1,Cr = 0) · P(Cr = 0 | Er = 1)

)

Conditional probability

P(Cr+1 = 1 | C1, . . . ,Cr )

= αur+1q ·

+

P(Er+1 = 1 | Er = 1,Cr = 1) · c(s)
r

P(Er+1 = 1 | Er = 1,Cr = 0) · εr (1− αurq)

1− αurqεr
· (1− c(s)

r )


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Click probabilities: demo

Demo
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User interaction analysis

Random click model (global CTR): ρ = 0.122

Rank-based CTR:
ρ1 = 0.429, ρ2 = 0.190, ρ3 = 0.136, . . . , ρ10 = 0.048

Position-based model:
γ1 = 0.998, γ2 = 0.939, γ3 = 0.759, . . . , γ10 = 0.260

Dynamic Bayesian network model: γ = 0.9997

Click models are trained on the first 10K sessions of the WSCD 2012 dataset.
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Simulating users

Algorithm Simulating user clicks

Input: click model M, query session s
Output: vector of simulated clicks (c1, . . . , cn)

1: for r ← 1 to |s| do
2: Pr ← PM(Cr = 1 | C1 = c1, . . . ,Cr−1 = cr−1)︸ ︷︷ ︸

conditional click probability

3: Generate cr from Bernoulli(Pr )
4: end for
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Approximating document relevance

αu1q σu1q

αu2q σu2q

αu3q σu3q

αu4q σu4q

αu5q σu5q

PBM, UBM DBN
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Approximating document relevance

Clicks are affected by rank =⇒ do not represent document
relevance directly

Attractiveness and satisfactoriness do not depend on rank =⇒
can be used as indicators of document relevance

They are used by search engines as retrieval features

Documents can simply be ranked by αuq, σuq, or αuqσuq
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Model-based metrics

Utility-based metrics

uMetric =
n∑

r=1

P(Cr = 1)·Ur

Effort-based metrics

eMetric =
n∑

r=1

P(Sr = 1) ·Fr
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Model-based metrics

Model-based metric

Click model Utility-based Effort-based

DBN uSDBN ERR
DBN EBU rrDBN
UBM uUBM –
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Likelihood

LL(M) =
1

|S|
∑
s∈S

logPM

(
C1 = c

(s)
1 , . . . ,Cn = c

(s)
n

)
Cr – binary random variable denoting a click at rank r

c
(s)
r – observed click at rank r in a search session s

P
(
Cr = c

(s)
r

)
– probability of observing c

(s)
r in session s

P
(
C1 = c

(s)
1 , . . . ,Cn = c

(s)
n

)
– probability of observing

sequence c
(s)
1 , . . . , c

(s)
n in session s
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Likelihood

PM

(
C1 = c

(s)
1 , . . . ,Cn = c

(s)
n

)
= PM

(
C1 = c

(s)
1

)
· PM

(
C2 = c

(s)
2 , . . . ,Cn = c

(s)
n | C1 = c

(s)
1

)
= PM

(
C1 = c

(s)
1

)
· PM

(
C2 = c

(s)
2 | C1 = c

(s)
1

)
· PM

(
C3 = c

(s)
3 , . . . ,Cn = c

(s)
n | C1 = c

(s)
1 ,C2 = c

(s)
2

)
=

n∏
r=1

PM

(
Cr = c

(s)
r | C<r = c

(s)
<r

)
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Likelihood: summary

LL(M) =
1

|S|
∑
s∈S

logPM

(
C1 = c

(s)
1 , . . . ,Cn = c

(s)
n

)
LL(M) =

1

|S|
∑
s∈S

n∑
r=1

logPM

(
Cr = c

(s)
r | C<r = c

(s)
<r

)

Likelihood measures how well a click model estimates
conditional click probabilities given observed clicks.

LL(M) ∈ [−∞..0]
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Perplexity

pr (M) = 2
− 1
|S|

∑
s∈S

(
log2 PM(C

(s)
r =c

(s)
r )
)

Perplexity measures how well a click model estimates
full click probabilities (i.e., when clicks are not observed).

pr (M) ∈ [1..2]
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Perplexity by rank
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Picture taken from A. Grotov, A. Chuklin, I. Markov, L. Stout, F. Xumara, and M. de Rijke. A comparative study
of click models for web search. In CLEF. Springer, September 2015.
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Evaluation: demo

Demo
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Datasets

AOL2006: raw queries and clicked documents (no SERPs)

MSN2006: contains only clicked documents (no SERPs)

Workshop on Web Search Click Data (WSCD)

WSCD2012: predict document relevance
WSCD2013: detect search engine switch
WSCD2014: search personalization

SogouQ

Tsinghua University: eye fixation
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Dataset statistics

Dataset Queries URLs Users Sessions

AOL 2006 10,154,742 1,632,788 657,426 21,011,340
MSN 2006 8,831,280 4,975,897 – 7,470,915
SogouQ 2012 8,939,569 15,095,269 9,739,704 25,530,711
WSCD 2012 30,717,251 117,093,258 – 146,278,823
WSCD 2013 10,139,547 49,029,185 956,536 17,784,583
WSCD 2014 21,073,569 70,348,426 5,736,333 65,172,853
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Software

Click model packages

clickmodels project by Aleksandr Chuklin
PyClick by Ilya Markov et al.

Infer.NET

General-purpose languages

Octave
Matlab
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Experimental setup

Data

first 1M query sessions from WSCD 2012 dataset
75% for training, 25% for testing
repeat 15 times, each time with next 1M sessions

PyClick

50 iterations for EM
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Studied click models

CTR models: counting clicks

Position-based model (PBM): examination and attractiveness

Cascade model (CM): previous examinations and clicks matter

Dynamic Bayesian network model (DBN): satisfactoriness

User browsing model (UBM): rank of previous click
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Log-likelihood
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Cascade model: LL = −∞
Complex models (DBN, UBM) win over simple ones
Many examination parameters win over few: UBM > PBM
Satisfaction parameters help: DBN > PBM
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Perplexity
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Complex models win over simple ones

Most complex models have similar perplexity
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Perplexity by rank
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Picture taken from A. Grotov, A. Chuklin, I. Markov, L. Stout, F. Xumara, and M. de Rijke. A comparative study
of click models for web search. In CLEF. Springer, September 2015.
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Training time
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MLE is much faster than EM

PBM and UBM are fast enough compared to DBN
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Aggregated SERPs
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Search tasks

WSDM 2016

San Francisco

San Francisco hotels
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Using features

290 Benchmarking Learning-to-Rank Algorithms

For the “Gov” corpus, 64 features were extracted for each query–

document pair, as shown in Table 6.2.

For the OHSUMED corpus, 40 features were extracted in total, as

shown in Table 6.3.

Table 6.2 Learning features of TREC.

ID Feature description

1 Term frequency (TF) of body
2 TF of anchor
3 TF of title
4 TF of URL
5 TF of whole document
6 Inverse document frequency (IDF) of body
7 IDF of anchor
8 IDF of title
9 IDF of URL

10 IDF of whole document
11 TF*IDF of body
12 TF*IDF of anchor
13 TF*IDF of title
14 TF*IDF of URL
15 TF*IDF of whole document
16 Document length (DL) of body
17 DL of anchor
18 DL of title
19 DL of URL
20 DL of whole document
21 BM25 of body
22 BM25 of anchor
23 BM25 of title
24 BM25 of URL
25 BM25 of whole document
26 LMIR.ABS of body
27 LMIR.ABS of anchor
28 LMIR.ABS of title
29 LMIR.ABS of URL
30 LMIR.ABS of whole document
31 LMIR.DIR of body
32 LMIR.DIR of anchor
33 LMIR.DIR of title
34 LMIR.DIR of URL
35 LMIR.DIR of whole document
36 LMIR.JM of body
37 LMIR.JM of anchor
38 LMIR.JM of title
39 LMIR.JM of URL

(Continued)
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Beyond clicks

Hello world program - Wikipedia, the free encyclopedia
A " Hello world" program is a computer program that prints 
out " Hello world" on a display device. It pre-dates the age 
of the World Wide Web where posted messages ...

Hello-World: World Languages for Children of all ages
Games, songs and activities make learning any language 
fun. Use hello-world by itself or as an enhancement to any 
language program!

CMT : Videos : Lady Antebellum : Hello World
Watch Lady Antebellum's music video Hello World for free 
on CMT.com

hello world

Image Results

Search

Hello World
Hello World Approach and Methodology The idea of Hello 
World was first conceived by scholars teaching English in 
Asia in the early 1990's. Their basic belief was that ...

Hello World 
Software
Buy hello world.

Filters
Anytime
Past Day
Past Week
Past Month

hello world Search
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(c) Mouse Data

Figure 1: Module-level representation of mouse-tracking data. The session sequence for this data would be
[1, 3, 5, 6, 7, 6, 5, 3, 5].

Figure 2: Distribution of unique page arrangements for
SERPs from two large scale web search engines. The hor-
izontal axis indicates the rank of the arrangement when
sorted by frequency. The vertical axis indicates the fre-
quency of that arrangement.

In addition, we propose a user model which allows us to
generalize to arbitrary page arrangements. This is impor-
tant because previous user models based on click logs all
assume a single topology across all queries. That is, by ig-
noring non-web modules, the graph structure in Figure 3(a)
is shared across all queries. In our case, the topology in Fig-
ure 3(b) might be di↵erent for two arbitrary queries. There-
fore, the edge weights learned for one query will be useless
of a novel arrangement (topology).

In order to estimate the parameters of our user model,
we exploit user mouse behavior associated with a SERP ar-
rangement. We adopt this strategy because of the high cor-
relation in general between eye fixation and mouse position
[9]. Previous work has confirmed this correlation for SERPs
[30, 16].

The focus of our study will be on the problem of construct-
ing robust models able to make predictions about mouse be-
havior on arrangements for which we have little or no data
available. Having such models provide a tool which can be
used when manually designing new pages [31]. At a larger
scale, mouse-tracking models could be useful for retrospec-
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(a) linear

m1
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m5

m0

m6

(b) relaxed

Figure 3: The linear scan model and its relaxation.

tively detecting ‘good abandonments’, cases where the user
was satisfied without clicking a link [21].

In this paper, we make the following contributions,

• a generalization of the linear scan model.

• an e�cient and e↵ective method for estimating the
generalized model.

• an e�cient and e↵ective method for estimating param-
eters of unobserved arrangements (topologies).

• experiments reproduced on data sets from two large
commercial search engines.

2. RELATED WORK
The motivation for capturing mouse movement at scale

originates from results demonstrating a strong correlation
between eye and mouse position [9]. In the context of web
search, this correlation has been reproduced on SERPs [30],
suggesting that, with some care [16], we can use logged
mouse data as a ‘big data’ complement to eye-tracking stud-
ies [3]. Such studies have found that mouse-tracking is useful
for click prediction [17] and advertisement interest predic-
tion [14]. In fact, mouse movement analysis has been sug-
gested as useful for web site usability analysis in general [2,
3]. Even without assuming a relationship between eye and
mouse, important search signals such as query intent [13]
and document relevance [18] can be detected.

1452

Picture taken from F. Diaz, R.W. White, G. Buscher, and D. Liebling. Robust models of mouse movement on
dynamic web search results pages. In CIKM, 2013. ACM Press
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Neural Click Model (NCM)

Why not learn the structure of a click model from data instead of
defining it manually?

USER%QUERY% ```%

Ini,alize%vector%state%
with%USER%QUERY%

✖%

✔%

✖%

Predict%click%on%
DOCUMENT%1%

Predict%click%on%
DOCUMENT%2%

Predict%click%on%
DOCUMENT%3%

Update%vector%state%
with%DOCUMENT%1%

Update%vector%state%
with%DOCUMENT%2%

Update%vector%state%
with%DOCUMENT%3%

skipped
%

clicked
%

Models user browsing behavior as a sequence of vector states
(s0, s1, s2, . . . ) that describes the information consumed by the
user as it evolves within a query session.
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Neural Click Model (NCM)

An alternative way to model user browsing behavior

Click model Model of user browsing behavior

Traditional a sequence of observable and hidden events
NCM a sequence of vector states (s0, s1, s2, . . . )

that allows us to learn patterns of user behavior automatically:

Click model Patterns of user browsing behavior

Traditional need to be specified manually
NCM can be learned automatically

AC–IM–MdR Click Models for Web Search and their Applications to IR 111



Intro Click models Estimation Click probs Apps Evaluation Data&tools Results Adv models Future Recap

Neural Click Model (NCM)

1 Initialize vector state
s0 = I(q)

2 Update vector state
sr+1 = U(sr , ir , dr+1)

USER%QUERY% ```%

Ini,alize%vector%state%
with%USER%QUERY%

✖%

✔%

✖%

Predict%click%on%
DOCUMENT%1%

Predict%click%on%
DOCUMENT%2%

Predict%click%on%
DOCUMENT%3%

Update%vector%state%
with%DOCUMENT%1%

Update%vector%state%
with%DOCUMENT%2%

Update%vector%state%
with%DOCUMENT%3%

skipped
%

clicked
%

P(Cr+1 = 1 | q, i1, . . . ir , d1, . . . , dr+1) = F(sr+1)

The mappings I(·), U(·) and F(·) are learned by maximizing the
likelihood of observed click events.
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Learns regularities in user browsing behavior that

have been manually encoded in existing click models, such as
ranks and distances to previous clicks (large clusters on
t-SNE projections of vector states sr )

cannot be manually encoded in traditional click models (small
clusters on t-SNE projections of vector states sr ).

Pictures taken from A. Borisov, I. Markov, M. de Rijke, P. Serdyukov. A neural click model for web search. In
WWW, 2016, to appear.
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Outline

1 Introduction

2 Click models

3 Parameter estimation

4 Click probabilities

5 Applications

6 Evaluation

7 Data and tools

8 Results

9 Advanced models

10 Future research

11 Recap
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Future research

Keep on adding new variables – not a good idea

Work on the learning phase

Efficient learning
Online learning

Other interactions and environments

Interactions beyond clicks
Devices beyond desktop computers
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Outline

1 Introduction

2 Click models

3 Parameter estimation

4 Click probabilities

5 Applications

6 Evaluation

7 Data and tools

8 Results
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Recap

Click models

Parameter estimation

Click probabilities

Applications

Evaluation

Data and tools

Experimental results

Advanced models

Future research
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