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Introduction

Why click models?
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Introduction

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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Introduction

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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Introduction

Click log
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Basic models

Outline

@ Basic click models
Random click model
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Click probabilities
Evaluation
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Basic models

Outline

@ Basic click models
o Random click model
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Basic models

Random click model

Yandex san francisco Search

San Francisco Trayvel

Web
sanfrancisco.travel P .
mage: San Francisco is home bit of everything. Whether you're a first time visitor or a long- C/ICk
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/seen fran'siskoul), officially the City and County of San Francisco, is the P click
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco P .
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its click
liberal community, hill terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

¥ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

it oon Pjick
The job market may seel to navigate these days, but employment and career clic
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's...

G City and County of San Francisco
sfgov.org P .
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts click
and supervisors. District. Supervisor.

llya Marko

va.nl Information Retrieval 14



Basic models

Random click model

o Terminology

o C, — binary random variable denoting a click on document u
o Random click model (RCM)

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

P(C, =1) = const = p
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Basic models

Random click model

Ya ﬂd ex san francisco Search

San Francisco Trayel

Web

sanfrancisco.travel P( C — 1) 0
: San Francisco is home bit of everything. Whether you're a first time visitor or a long- up

time local. This s the pla d out about all things San Francisco,

*) San Francisco - Wikipedia, the free encyclopedia

en.wikipedia.org > San Francisco

San Francisco (/szn fran'siskov), officially the City and County of San Francisco, is the P Cu2 - 1 =P
cultural, commercial, and financial center of Northern California and the only consolidated city-

county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco P( C . 1)
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its. us —
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com P(Cu4 = 1) - ,0

The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

3 City and County of San Francisco

sfgov.org P C — 1 —
SFGov Visitors Key Services: SF Travel Resources. ... Table of inks to San Franisco districts us — - ,0
and supervisors. District. Supervisor.

# clicks
# shown docs
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Basic models

CTR models

Random click model (global CTR):

Yandex  san rancseo —

P(C,=1)=p ve 511_")

he free encyclopedia

Rank-based CTR:

P(Cur = ]‘) = Pr

@ San Francisco Cw]( Guide | Hotels, Restaurants, Nightife,

s but omp

Query-document CTR:

& City and County of San Francisco

P(Cu=1) = puq
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Basic models

Outline

@ Basic click models

o Position-based model
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Basic models

Position-based model

Yandex san francisco Search

< San Francisco Trayel

Web
sanfrancisco.travel P ( ) P ( )
ag San Francisco is home! bit of everything. Whether you're a first time visitor or a long- read 1 ’ click ul q
time local. This is the plax d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia

en.wikipedia.org > San Francisco

San Francisco (/seen fron siskouf), officially the City and County of San Francisco, is the Pread (2) , PC/ICk ( u» q)
cultural, commercial, and financial center of Northern California and the only consolidated city-

county in California.

i+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco P 3 P .
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its re ead 1 C/IC k U3 q

liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com Pread(4) ) Pclick(u4q)

The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.
G City and County of San Francisco
sfgov.org P 5 P )
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts read ’ click\Us q

and supervisors. District. Supervisor.
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Basic models

Position-based model: examination

o Terminology
o Examination = reading a snippet

o E, — binary random variable denoting examination
of a snippet at rank r

o Position-based model (PBM)

o Examination depends on rank

P(Er=1) =1,
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Basic models

Position-based model

Yandex san francisco Search

< San Francisco Trayel

Web
sanfrancisco.travel P ( )
a0 San Francisco is home! bit of everything. Whether you're a first time visitor or a long- fy]- 1 click U]_ q
time local. This is the pla d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco

San Francisco (/saen fran‘siskou), officially the City and County of San Francisco, is the ’72 Y PC/ICk ( U2 q)
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

i+ San Francisco travel guide - Wikitravel

wikitravel.org > en/San_Francisco P .
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its 73 1 C/ 1C k U3 q

liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

@ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real...

o Francise: Y4, Pelick(uaq)

The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's.

G City and County of San Francisco

sfgov.org P .
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts fY5 1 CIIC/( u5 q

and supervisors. District. Supervisor.
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Basic models

Position-based model: attractiveness

o Terminology

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

o A, — binary random variable showing whether document u
is attractive to a user, given query q

o Position-based model (PBM)

o Attractiveness depends on a query-document pair

P(Aug = 1) = auq
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Basic models

Position-based model

Yandex san francisco Search

San Francisco Trayvel

Web
sanfrancisco.travel Y, @

nage San Francisco is home bit of everything. Whether you're a first time visitor or a long- ' uq
time local. This s the pla d out about all things San Francisco.

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
San Francisco (/szen fren'siskou/), officially the City and County of San Francisco, is the ’}/2 , QU u2q
cultural, commercial, and financial center of Northern California and the only consolidated city-
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its 73
liberal community, hill terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

r Quzg

¥ San Francisco City.Guide | Hotels, Restaurants, Nightlife, Real...
sanfrancisco.com 74 , (X usq
The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's...

G City and County of San Francisco
sfgov.org
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts 75 y O usq
and supervisors. District. Supervisor.
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Basic models

Position-based model: summary

Yandex  san rancisco —
web i San Francisco Trayel
o along:
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Basic models

Position-based model: probabilistic graphical model
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Basic models

Position-based model: exercises

Yandex
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Basic models

Outline

@ Basic click models

o Cascade model
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Basic models

Position-based model

P(E,,

P(A,=1)
P(C,=1)
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Basic models

Cascade model

Yandex  san francisco Search

Qb

@ Sta rt fro m t h e f| rst d ocume nt P fan Francisco - Wikipedia, the free encyclopedia

weo i San Francisco Tr

@ Examine documents one by one
@ If click, then stop

cmr Guide | Hotels, Restaurants, Nightife, Real

@ Otherwise, continue

), bt
A F

Valeys

ind County of San Francisco
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Basic models

Cascade model

E,=1land A, =1 (C =1
P(Ay, =1) = auq

P(EL=1) =1
——
start from first
P(E,=1|E_y=0)=0
examine one by one
P(E,=1|C_1=1)=0
if click, then stop
P(E,=1|E_1=1,C_1=0)=1

otherwise, continue

llya Markov i.markov@uva.nl

Yandex  san francisco Search

5

web. £ San Francisco Tr

« San Francisco - Wikipedia, the free encyclopedia

@ san Francisco m:r Guide | Hotels, Restaurants, Nightife, Real

bt amplor
~\_f5an Franciscos Fancal Dt and Silcon Valloy's

& City and County of San Francisco

SF Trave Resources.
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Basic models

Cascade model: probabilistic graphical model

Qu,q

u,
1
|
T
6 document u,

N CD/@\\‘ /\/@\

v{

B

()
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Basic models

Basic click models summary

o CTR models
+ count clicks (simple and fast)
— do not distinguish examination and attractiveness
o 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
o Cascade model (CM) — Dynamic Bayesian network
-+ cascade dependency of examination at r
on examinations and clicks above r
— only one click is allowed
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Basic models

Outline

@ Basic click models

o Click probabilities
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Basic models

Click probabilities

o Full probability — probability
that a user clicks
Yandex | san francisco
on a document at rank r ‘

P ( Cr 1 ) « San Francisco - Wikipedia, the free encyclopedia

er of Northern Calforia and the o

Search

sthe
iy consolidated ciy

- Wikitravel

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

fece ofthe Bay Area, wel-known for s
beauty, summer og, and great

isco City Guide | Hotels, Restaurants, Nightiife, Real

P(C,=1|Cy,...,Cr_1)
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Basic models

Click probabilities

o Full probability
P(Cr+1 — 1) -

P(Eqs1=1|E=1,C,=1)-P(C =1|E =1)
Quena A\ T P, =1|E=1,6,=0)-P(C,=0|E =1)

o Conditional probability

P(Ci1=1|C,...,C)
P(E,1=1]E =1, =1)-c¥
=Quyq | + Al —ay
e P(E,;1=1|E =1,C, =0)- &1~ Qug) | (1—c¥)
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Basic models

Outline

@ Basic click models

o Evaluation
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Basic models

Evaluation

Click model’s output Evaluation

Full click probabilities Perplexity
Conditional click probabilities Log-likelihood
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Basic models

Perplexity

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

full click probability

—_—N
or(M) = 2751 scs (1082 Pu( G = 7))

pr(M) € [1.2]
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Basic models

Likelihood

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

Z log Py ( (5) Gy = c,(,s))

SES

|S’ZZ|og PM( ,—c,s)\C< —cb )>

seS r=1

conditional click probability

LL(M) € [—0..0]
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Basic models

Outline

@ Basic click models

o Parameter estimation
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Basic models

Parameter estimation

o Maximum likelihood estimation

o Expectation-maximization
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Basic models

MLE for random click model

= JIII~"(—pp

seS uEs

-
likelihood of Bernoulli random variable

LL=>y > <CSS) log(p) + (1 — c§*)) log(1 - p))

seS uEs

ZSES Zues CUS) . # clicks
Zses |s| # shown docs
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Basic models

Expectation maximization

@ Set parameters to some initial values
@ Repeat until convergence

o E-step: derive the expectation of the likelihood function
o M-step: maximize this expectation
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Basic models

Expectation maximization

Q) =3 By c) v [IogP (x, c® w)}
sES

= Eqcow [ > (I (X&) =1, P(xY)) = p) log(6c) + T (X&) = 0, P(X{)) = p) log(1 — 95)) + Z}
seS cEs
= Z Z (P (Xéis) =1, P(Xéis)) =p| C<S),\Il) log(6c) + P (XC(I_S) —o, 'P(Xéis)) —p| C(s), “,) log(1 — 96)) +z
seSceEs
Ess(x) = > 3 P (X8 =x, P(x) =p | ¢, w)
seScEs

2Q00) _ 5~ 5~ (P(Xc‘f)zl,P(XEf)):Mc(s),w) P =0 Pl =p ) )) .
96c seS ¢ Es 0c 1—6¢
Jein__ Tses TgesP (X = 1P =p €V, v)
¢
Ties Loes o P (XY = x, Px) =0 | €, w)
 Cees Tges P (X =1l =p 1 w) Ess(1)
Yses Xees P (P(Xc(,-s)) =p|Cl), W) ESS(t)(1) + ESS(1)(0)
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Basic models

Click models summary so far

Qo

Basic click models
o CTR models
o Position-based model
o Cascade model
Click probabilities

o Full click probabilities
o Conditional click probabilities

©

Evaluation

©

o Perplexity
o Log-likelihood

Parameter estimation

()

o Maximum likelihood estimation
o Expectation-maximization
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Basic models

What do click models give us?

General:

o Understanding of user behavior

Specific:
o Conditional click probabilities
o Full click probabilities

o Attractiveness and satisfactoriness for query-document pairs
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Basic models

Applications

Click model’s output

Application

Understanding of user behavior
Conditional click probabilities
Full click probabilities
Parameter values

User interaction analysis
User simulation
Model-based metrics
Ranking
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Applications

Outline

@ Applications
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Applications

User interaction analysis

o Random click model (global CTR): p = 0.122

o Rank-based CTR:
p1 = 0.429, p» = 0.190, p3 = 0.136, ..., p1p = 0.048

Position-based model:
v1 = 0.998, v = 0.939,v3 = 0.759,...,v10 = 0.260

Dynamic Bayesian network model: v = 0.9997

©

©

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

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 ¢, from Bernoulli(P;)

4: end for
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Applications

Model-based metrics

o Utility-based metrics
Yandex  san ancisco —

Traﬁe\

oo

dia, the free encyclopedia

n
uMetric = " P(C, = 1)U,

r=1

+ San Francisco travel guide - Wikitravel

o Effort-based metrics

@ San Francisco City Guide | Hotels, Restaurants, Nightife, Real.
sanfrancisco.con + | Iy

eMetric = Z P(S, =1)-F, Bo

r=1

o), 1 caroer
J jalloy’s.

\d County of San Francisco

Travel Rosources. . Tablof ks to San Franisco dsricts
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Applications

Expected reciprocal rank

ERR = ey P(S, =1)
1 r—1
= P Ru.q - H (7 (1 = Ruyq))
r i=1
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Applications

Features for ranking

Yandex san francisco Search

San Francisco Travel

sanfrancisco.travel

mages San Francisco is home! bit of everything. Whether you're a first time visitor or a long- o

time local. This s the pla d out about all things San Francisco. uq

*) San Francisco - Wikipedia, the free encyclopedia
en.wikipedia.org > San Francisco
; San Francisco (/szen fren siskou/), officially the City and County of San Francisco, is the o
o cultural, commercial, and financial center of Northern California and the only consolidated city- u»q
county in California.

+ San Francisco travel guide - Wikitravel
wikitravel.org > en/San_Francisco
San Francisco is a major city in California, the centerpiece of the Bay Area, well-known for its (07 usq
liberal community, hilly terrain, Victorian architecture, scenic beauty, summer fog, and great
ethnic and cultural diversity.

¥ San Francisco City. Guide | Hotels, Restaurants, Nightlife, Real...

sanfrancisco.com au4q
The job market may seel to navigate these days, but employment and career
opportunities can be foun 'San Francisco's Financial District and Silicon Valley's...

G City and County of San Francisco
sfgov.org (6% usq
SFGov Visitors Key Services: SF Travel Resources. ... Table of links to San Franisco districts
and supervisors. District. Supervisor.
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Advanced models

Outline

@ Advanced models
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Advanced models

Aggregated SERPs

Google

llya Marko

san francisco

Maps  News  Videos  More~

‘About 679,000,000 results (0,68 seconds)

San Francisco - Wikipedia, the free encyclopedia
Ntpsilen wikipedia orgwikiSan_Francisco
inclsco (fsn ran'siskou, offaly the Cly and County of San Francisco,
Is the cultural, commercial, and fnancial centr of Norten Calfomia and
Lstof peopl from San - Gansalidted city-county - 1906 San Francisco earinquake

San Francisco Travel | Visitor Information

v sanfrancisco rav

Wt v e s 3 s s, comenton s
ravel trade, and travel media.

Alcatraz - Things to Do in San Francisco - Fisherman's Whar - Golden Gate Brdge

Images for san francisco images

More images for san francisco

San Francisco City Guide | Hotes, Restaurants, Nightife ..
eams S Frantics CA Travel & Totam Guid spoclzng oo,
atractons, estaurants, rel estate, ightle and local business nformation.

San Francisco Touris of San Francisco, CA .
wwnw.tripadvisor.com » United s o ()~

Tourism: Trip sar
Atractions, and Restaurants making it your best San Francisco resource.

In the news

Twin Peaks shooting victim's family talks
} aboul recent arrest
TV - 11 hours
San Franciec poo confm thy e an st
Richmond. However, as of 11 p.m.

‘Sunny weather brings new temperature record for San Francisco

Oaklan

Daly City

San Francisco

Giyin Catfornia

San Francisco, i northern Calformia, s 3 iy on the tpof a pernsuia

sirounced by s P Ocean nd an Frarcic Sy 13 hocun

frte iy racap g, cone G o 1

el o arc oot icionan houses, The FnancalDisicts
ytamia s o most Gsinaie Ssaer ey s

Aeare 5am, o1 o he vorous omer

Local time: Tuesday 1238

Weathr: 22°C, Wind W at 3 ki, 51% Huridiy

Gotting thor: 12 h 20 min figh, around CHF 760,00 View ights

Events
T
“The Wainurignt Sisters S
sat
Plastic Funk pra
Trovor Noah sat
The Masoric 20Feb
Points of interest View 10+ more:
= - 7
Golden  Fisherna.. Alcatraz  Golden  Ghinatown
Gate wharf Island. Gate Park

More about San Francisco
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Advanced models

Search tasks

WSDM 2016 n

San Francisco n

San Francisco hotels n
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Advanced models

Using features

S

Feature description

Term frequency (TF) of body
TF of anchor
TF of title
TF of URL
TF of whole document
Inverse document frequency (IDF) of body
IDF of anchor
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

0~ DU AW
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Advanced models

Beyond clicks

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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Outline

@ Current developments
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Incorporating clicks, attention and satisfaction

Incorporating clicks, attention and satisfaction into
a search engine result page evaluation model

Aleksandr Chuklin, Maarten de Rijke

Proceedings of CIKM 2016, Indianapolis, USA
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A neural click model for web search

A neural click model for web search
Alexey Borisov, llya Markov, Maarten de Rijke, Pavel Serdyukov

Proceedings of WWW 2016, Montreal, Canada
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A context-aware time model for web search

A context-aware time model for web search
Alexey Borisov, llya Markov, Maarten de Rijke, Pavel Serdyukov

Proceedings of SIGIR 2016, Pisa, Italy
best student paper award
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Time between user actions

o Time between clicks

©

Time to first click

Time to last click

©

©

Time between queries
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Time between clicks

Yandex amsterdam Search Yandex amsterc

Web + Amste[jam travel guide - Wikitravel Web ¥+ Amstef]
wikitraye Amsterdam wikitrave
r Amst capital of the Netherlands. With more than one million inhabitants in its I e Amste
urban al le country's largest city and its financial, cultural, and creative centre. urban al
Amsterd; ves its name from the city’s origin as “Dam” ... Amsterd;
Translat W Amste] Jam - Wikipedia, the free encyclopedia Translat W Amsti
en.wikin > Amsterdam \ en.wikio:
' Amst Ihstordzem, semsterdasm/; Dutch: [amster'dam]) is the capital and most ! Amst
populoul le Kingdom of the Netherlands. Its status as the Dutch capital is mandated by populoul
the Consf f the Netherlands though it is not the seat of the Du... the Consf
@ Amsterdam Tourism: Best of Amsterdam, The Netherlands = Amsterd
tripadvisor.com > Tourism-g188590-Amsterdam_North 30 Se C S tripadvisor.c
Amsterdam Tourism: TripAdvisor has 821,053 reviews of Amsterdam Hotels, Attractions, and Amsterdam
Restaurants making it your best Amsterdam resource. Restaurants
[ Your g e to visit, enjoy, live, work & invest in Amsterdam = Yourg
iamst, >en iamst,
Welcol terdam.com. We would like to ask a few questions about your experience on Welcol
our web: ill only take a few minutes of your time. } our web:

there is context bias

llya Mark

markovQuva.nl
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Modeling time

o Average

12
Time(“Amsterdam” , "wikipedia.org” ) = w

3
o Probability distribution

Time("“Amsterdam” | “wikipedia.org”) ~ Gamma(k, 0)

where (k, ) are estimated from 120, 60, 30

context bias is not modeled
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Context-aware time modeling

Time( “Amsterdam” | “wikipedia.org” , contexti) ~ Gammal(ki, 61)
Time( “Amsterdam” | “wikipedia.org” , contexty) ~ Gammal(ka, 02)

Time( “Amsterdam”, “wikipedia.org" , contexts) ~ Gammal(ks, 03)
———

user action context
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Context-aware time modeling

Time(action, context) ~ Gamma(
ay(ctx) - k(act) + by (ctx),
ag(ctx) - O(act) + by(ctx))
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Parameter estimation

Time(action, context) ~ Gamma(
ay(ctx) - k(act) + by (ctx),
ap(ctx) - B(act) + by(ctx))

@ Fix context-independent parameters

@ Optimize context-dependent parameters using neural networks
@ Fix context-dependent parameters

@ Optimize context-independent using gradient descent

® Repeat until convergence
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Parameter estimation

o We do not know the form of context-dependent parameters
— neural networks

o We know the form of context-independent parameters
(Gamma distribution) = direct optimization

llya Markov i.markov@uva.nl Information Retrieval
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Present

llya Markov

General
Is query (Q-action) (0: no, 1: yes)
Is click (C-action) (0: no, 1: yes)
log (1 + observed time since previous action)  (0: undefined)
log (1 4 average time since previous action) (0: undefined)
Q-action
Is new search session (0: no, 1: yes)
Number of terms in issued query (0: undefined)
BM25 (issued query, previous query) (0: undefined)
BM25 (previous query, issued query) (0: undefined)
C-action
Is click on the 15t position (0: no, 1: yes)
Is click on the 10" position (0: no, 1: yes)
i.markov@uva.nl Information Retrieval
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Dataset

3 months of log data from Yandex search engine

Time between actions Max time # Observations
Time-to-first-click 1 min 30,747,733
Time-between-clicks 5 min 6,317,834
Time-to-last-click 5 min 30,446,973
Time-from-abandoned-query 1 min 11,523,351
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Evaluation tasks

Taskl. Predict time between clicks

o Log-likelihood
o Root mean squared error (MSE)

Task2. Rank results based on time between clicks
o nDCG®{1,3,5,10}
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Task 1. Predicting time

Time model Distribution Log-likelihood RMSE
exponential —4.9219 60.73
Basic gamma —4.9105 60.76
Weibull —4.9077 60.76
exponential —4.8787 58.93
Context-aware gamma —4.8556 58.98
Weibull —4.8504 58.94

llya Markov

i.markov@uva.nl
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Task 2. Ranking results

NDCG
Time model Distribution @1 @3 ©5 @10
Average — 0.651 0.693 0.728 0.812
exponential 0.668 0.710 0.743 0.820
Context-aware gamma 0.675 0.715 0.748 0.822
Weibull 0.671 0.709 0.745 0.821
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Other times

o Time to first click
o Time to last click

o Time between queries
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Summary

o Removed context bias from time between actions
o Predicted user search interactions better (Task 1)

o Used the context-independent component for better
document ranking (Task 2)
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Outline

@ Future research
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Future

Future research

o Keep on adding new variables — not a good idea
o Parameter estimation

o Efficiency
o Online learning

o Other interactions and environments

o Interactions beyond clicks
o Devices beyond desktop computers
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Future

Future research

Model's output Evaluation Application
Conditional click probs Log-likelihood User simulation

Full click probs Perplexity Model-based metrics
Parameter values Ranking evaluation  Ranking

o Why use intermediate evaluation?
o Evaluate applications, not models
o Why maximize log-likelihood?
o Optimize models for specific applications
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Outline

@ Summary
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Summary

Outline

@ Introduction

@ Basic click models
@ Applications

@ Advanced models

@ Current developments

@ Future research

@ Summary
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Summary

Materials

o Aleksandr Chuklin, llya Markov, Maarten and de Rijke
Click Models for Web Search
Morgan & Claypool, 2015
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Thank you!

. Data Data Data
Offline Acquisition :> Processing :> Storage
: Query . )
Online Processing —> Ranking Evaluation
Aggregated Click Present and
Advanced Search Models Future of IR
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