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Course Outline

 Advanced user models
— Web search models, novelty & diversity, sessions

* Reliability
— Significance tests, reusability
* Other evaluation setups
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Today’s Outline

 Evaluation based on user models
— Gain/Discount Framework

— Modeling browsing behavior
* RBP, AP, DCG, ERR, EBU

— Modeling utility
* NDCG, GAP

* Novelty and diversity

* Query sessions



Measures of Effectiveness

* Determine how good the system is at finding
and ranking relevant documents

* An effectiveness measure should be correlated
to the user’s experience

 Thus interest in effectiveness measures based
on explicit models of user interaction



Discounted Gain Model

* Simple model of user interaction:
— User steps down ranked results one-by-one
— Gains something from relevant documents

— Increasingly less likely to see documents deeper in
the ranking



Discounted Gain Model

1. Whatis the chance a user will read a document?

2. What does the user gain by reading a document?
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Model Browsing Behavior

black powder

ammunition

Black Powder Bullets for Onling
Black Powder Bullets Count on Able
ammunition, hunting supplies, shoot
unbeatable prices

Arms - Ammunition
Black Powder Cartndge and Smokele
largest on hand inventory of obsolete
d, obsolete and

Count on Able Ammo 1o provide you '
shooting supplies, ]
o

Black Dawoe Cartridge - Black powdi
Black Dawge Cartndges and black pt
June 14, 2011. Changes in the 45c:
.45 cal, 450
www.blackd.

Black Powder Ammunition
Black Powder Ammunition - 154 res.
Expolosion, 20 Sticks, Avery Outdoo
Senes Black ...

om/black-powder-amm

Buffalo Arms - Ammunition - Black P
WARNING: Discharging firearms in pc
handling ammunition may result in &

ms.com/browse.cfm/2,3

Black powder ammunition | S 1
Black powder ammunition - Find the
ammunition on sale. Shop by price, ¢

fo-black-pc

Black Powder Ammunition - Sportsn
Black powder ammunition, bullets, &
outdoor superstore your one stop hur
WWW.S) na C
ammunition

Murphy Powder Ammunition - W.A. }
black, powder, loaded, ammunition .
per box: 32-20 wef 115 mfp: 26.50: 3
145 mfp

www.murphy powder.com/ammunitior

| Position-based models

The chance of observing a
document depends on the position
of the document in the ranked list.
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Rank Biased Precision
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om/black-powder-amm

Black Powder Ammunition - ¢
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cfm/2,3

arms.c: e

Black powder ammunition | Snop bl:
Black powder ammunition - Find the
ammunition on sale. Shop by price, ¢
coupons, and deals at

>-black-pc

Black Powder Ammunition - Sportsn
Black powder ammunition, bullets, &
outdoor superstore your one stop hur
WWW.S) Nanso uperstore.ct
ammunition

Murphy Powder Ammunition - W.A. }
black, powder, loaded, ammunition .
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[Moffat and Zobel, TOISO8]

Toss a biased coin (0)

If HEADS, observe next
document

IF TAILS, stop



Rank Biased Precision

black powder Let ©=0.8
ammunition
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ACTION=enter&thispage=index...

Black Powder Hunting, Shooting, anc
Count on Able Ammo to provide you '
shooting supplies, gun accessones, ¢
www.ableammo.com/catalog/default.¢

Black Dawoe Cartridge - Black powdi
Black Dawge Cartndges and black pt
June 14, 2011. Changes in the .45 ¢z
.45 cal, 450 ...
www.blackdawgecartridge.com

Black Powder Ammunition - Compan
Black Powder Ammunition - 154 resi
Expolosion, 20 Sticks, Avery Outdool
Senes Black ...

www.nextag.com/black-powder-amm

Buffalo Arms - Ammunition - Black P
WARNING: Discharging firearms in pc
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145 mfp

Www.murphy pmvder.co"\'ammunltlor
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(1- ﬁ)z rel 9"

1=1

Relevance discounted by
geometric distribution



O 00 N o U»un Ao W N B

Discounted Cumulative Gain
[Jarvelin and Kekalainen SIGIR0O]
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Discounted Cumulative Gain

Relevance

R
R
N
N
R
R
N
R
N
N

Relevance
Score

=

1

0
1
1
0
1
0
0

Discount
by rank

1/log,(r+1)

Gain

Discounted

1
0.63
0
0
0.38
0.35

0.31

> DCG = 2.689
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Discounted Cumulative Gain

Relevance

Relevance
Score

=

1

1
1
0
0
0
0
0

Discount
by rank

1/log,(r+1)

Gain

Discounted

1
0.63
0.50
0.43
0.38

0

0
0
0
0

NDCG = DG
optDCG

NDCG =091




Discounted Cumulative Gain

* DCG can be written as:
N
E P(user visits doc r)- Utility,
r=1

* Discount function models the probability that the
user visits (clicks on) the document at rank r
— Currently, P(user clicks on doc r) = log,(r+1)



Discounted Cumulative Gain

* |nstead of stopping probability, think about
viewing probability

@)

P(view doc at k) = » P(k) = F(k)

* This fits in discounted gain model framework:

M = Z relpF'(k)
k=1
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Model Browsing Behavior
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| Position-based models

The chance of observing a
document depends on the position
of the document in the ranked list.
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black powder
ammunition

Black Powder Bullets for Sale Onling

Black Powder Bullets Count on Able -

ammunition, hunting supplies, shoot
noeatabie prces.

worw. ableammo.c atalog/default.g

Buffalo Arms - Ammunition

Black Powder Cartnidge and Smokele
argest on hand inventory of obsolete
old, obsolete and ...

Algorithm 1 The cascade user model

W* i Require: Ri,...,Ri0 the relevance of the 10 URLs on the
e result page.
=1
User examines position %.
if random(0,1) < R; then
User is satisfied with the document in position ¢ and

Black powder ammunition | Snop bl: t
Black powder ammunition - Find l'se S Ops .
ammunition on sale. Shop by price,
coupons, an d deals at .

wow. thefind.comVsports/info-black-pc

Black Dawge va'l cges and black pc
June 14, 2011. Changes in the 45c:
.45 cal, 450 ..

W black...a._:s':':‘;e.:‘:-"‘

Black Powder Ammunition - Compan
Black Powder Ammunition - 154 res.
Expolosion, 20 Sticks, Avery Outdoo
Se ies Black

/bl ack-powder-amm

ff - Ammunition - Black P
WARNI! schargng firearms in po
handling ammunition may result in &
www.buffaloarms.com/browse.cfm/2,2

o

Black Powder Ammunition - Spx '15
Black powder ammunition, bullets,

else
s s o e s i1+ 1;goto?2
a:‘mu:;::deanmunmon A 7: end if

black, powder, oa.e-.‘ ammunlllon
.P.;ox 32-20 wef 115 mfp: 26.50: 3
14 "'1:2

>

phy powder.com/ammunitior

NonRel : R=0.2 Rel : R=0.8
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Expected Reciprocal Rank
[Chapelle et al CIKMO09]
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In reality...

* The probability that a user visits a document is
affected by

— Relevance of the documents already visited
— The snippet quality
— Query type



Query Log Reality

* Users tend to stop search if they are satisfied or

frustrated
Bad 0.49

Fair 0.41
Good 0.37
Excellent 0.53
Perfect 0.76

* P(click) highly affected by the snippet quality

Bad 0.50
Fair 0.49
Good 0.45
Excellent 0.59

Perfect 0.79



Query Log Reality

e Users behave differently for different queries

— Informational queries

— Navigational queries

- Navigational Informational

Bad

Fair
Good
Excellent

Perfect

P(CIR)

0.632
0.569
0.526
0.700
0.809

P(Stop|R) P(C|R) P(Stop|R)
0.587 0.516 0.431
0.523 0.455 0.357
0.483 0.442 0.349
0.669 0.533 0.458
0.786 |[€—8557—> 0.502




Expected Browsing Utility

[Yilmaz et al CIKM10]

Examine next
document

l

No Examine Yes
—

e Summary\ Click ) NoClick —>
u doc? 1- pc[icklsummar‘/ more? pcontinue|noc ick
Yes pc ick | summar NO 1-pcon inue|noclic ( ) —_— ( )‘ ( )

J/k y l tinue | noclick DEBUr PEr PCer

Exit

View n
Webpage — ( )
EBU =YD, (r)y R
l r=
- ; Yes
/DocRel\ Relevant No Examine - N
\_/_) Doc? more? pcontlnue| nnnnn
Yes l No 1-pcontinue[nonrel
Yes .
Satisfied? Exit

1-pcontinue| rel

No l pcontinuel rel




Comparison: NDCG vs EBU:
Session Likelihood

* Discount function models P(click)

* How well does the discount function predict
actual clicks? : log(P(Click Sequence | Metric))

P(Session| M)= || P(C | M)- H(I—P(CF|M))

Vr,doc, clicked Vr,doc, not clicked

| sessionlikelihood

NDCG, log discount -2.204
NDCG, 1/r discount -1.939
EBU -1.582



Comparison: NDCG vs EBU:
Session Likelihood

* Discount function models P(click)

* How well does the discount function predict
actual clicks? : log(P(Click Sequence | Metric))

P(Session| M)= || P(C | M)- H(I—P(CF|M))

Vr,doc, clicked Vr,doc, not clicked

| sessionlikelihood

Navigational Informational
NDCG, log discount -2.204 -2.382
NDCG, 1/r discount -1.939 -2.065
EBU -1.582 -2.270



Discounted Gain Model

1. Whatis the chance a user will read a document?

2. What does the user gain by reading a document?
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Discounted Cumulative Gain

Relevance
Score
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Relevance

[

=

0
0
1
1
0
1
0
0

R
R
N
N
R
R
N
R
N
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Discounted Cumulative Gain

Relevance

Relevance
Score

2

1
0
0

1
0
1
0
0

2relr -1

—

Gain

W

SO = O = LW OO -

Discounted

Discount
by rank

1/log,(r+1)

Gain

3
0.63
0
0
1.14
0.35

Sl

> 5.46




Graded Average Precision
[Robertson et al. SIGIR10]

One document is more useful than another

One possible meaning:
one document is useful to more users than another

Hence the following:
assume grades of relevance...

... but that user has a threshold relevance grade
which defines a binary view

different users have different thresholds
described by a probability distribution over users



Graded Average Precision
[Robertson et al. SIGIR10]

e User has binary view of relevance
— by thresholding the relevance scale

Highly
Relevant
Relevance
Relevant
Scale

t

Considered
relevant with
probability g,



Graded Average Precision
[Robertson et al. SIGIR10]

e User has binary view of relevance
— by thresholding the relevance scale

Highly
Relevant
Relevance
Relevant
Scale

relevant with

I Considered
probability g,
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Graded Average Precision (GAP)

Relevance




Graded Average Precision (GAP)

Relevance
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Graded Average Precision (GAP)
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Graded Average Precision (GAP)

Relevance

4 2
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Relevance
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Graded Average Precision (GAP)

Relevance
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Graded Average Precision (GAP)

Relevance

«———Wprecs =—-g,




Graded Average Precision (GAP)

Relevance
1 * Weighted Precision at rank n:
2 i |
3 wprec, =E(;‘dm Tm=n,i_ zin)°gj
4 i
5 i, : relevance grade of dac at rank n
6
7 Binary Precision when grade j

is considered the threshold
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Graded Average Precision (GAP)

Relevance

 Cumulative Weighted Precision of list of
size N:

N
cwprec = E wprec,
n=1




Graded Average Precision (GAP)

Optimal Ranking

1 * Cumulative Weighted Precision
of the optimal ranking

N o0 o A WN




Graded Average Precision (GAP)

Optimal Ranking
1 1
1 — I'g1+1'82=g1+82

N o0 o A WN




Graded Average Precision (GAP)

Optimal Ranking

1 1

1 L oy I'g1+1'82=g1+g2
2 2

- §°gl+5'82=gl+g2
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Graded Average Precision (GAP)

Optlmal Ranking

1 1

— I g1+1 =814
2 2
Egl "8, = g1+g2
3

<_§g1_gl
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Graded Average Precision (GAP)

Optlmal Ranking

1 1
— I g1+1 =814
2
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81 =8
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Graded Average Precision (GAP)
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Graded Average Precision (GAP)

Optimal Ranking

1  Cumulative Weighted Precision of the

optimal ranking:
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 Graded Average Precision
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Graded Average Precision (GAP)

Relevance
1  Graded Average Precision
2 .
N 1, 1
3 EE(‘dm:msn,imzin).gj
, n
4 GAP — n=1 ]=1 - J
5 ERngi
j=1 =1
6
. * In the binary case, GAP reduces to

average precision




Probabilistic Interpretation of GAP

* Average Precision
— Pr(d,, is relevant | d, is relevant)

rank n < rank m

* GAP

— Pr(d_ is considered rel. | d_is considered rel.)

rank n < rank m



Today’s Outline

 Evaluation based on user models

* Novelty and diversity

* Query sessions



Novelty

 The redundancy problem:

— the first relevant document contains some
information

— every document after that with the same
information is worth less to the user

* Novelty retrieval attempts to ensure that
ranked results do not have much redundancy



Example

* oil-producing nations
— members of OPEC

— North Atlantic nations
— South American nations

* 10 relevant articles about OPEC probably not
as useful as one relevant article about each
group

— And one relevant article about all oil-producing
nations might be even better



How to Evaluate?

* One approach:
— List subtopics or aspects of the topic

— Judge each document relevant or not to each
possible subtopic

* For oil-producing nations, subtopics could be
names of nations

— Saudi Arabia, Russia, Canada, ...



Subtopic Relevance Example
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Evaluation Measures

e Subtopic recall and precision (Zhai et al., 2003)

— Subtopic recall at rank k:
e Count unique subtopics in top k documents
* Divide by total number of known unique subtopics

— Subtopic precision at recall r:
* Find least k at which subtopic recall r is achieved

* Find least k at which subtopic recall r could possibly be
achieved (by a perfect system)

* Divide latter by former
— Models a user that wants all subtopics

e and doesn’t care about redundancy as long as they are
seeing new information



Subtopic Relevance Evaluation

NI . Ll ~ Afrq oVl (1 F ~F de —r“Cb Count-leS:
unatorial Guine@ Cameroon,) Gabon nd Angola “os

D2: a big, dirt-poor landlocked country in the heart of Afri
of fidsearidy i i j ) cos

entered the ranks of oil-producing countries Friday

n

-a'
D3: a big, dirt-poor landlocked country in the heart of Africa,
offi entered the ranks of oil-producing countries Friday

D4: ... will mark the
producing nations
Obiang Nguema, Omar B

de r*ch countries:
Vﬂaerla Equatorial Guinea, Cameroon, Gabon nd Abgola ses
P e . .. said OPEC would make little cha=s . . and| [UAE gaid]
cuy : ces are reasonable ... o0il gian Ru331a ﬂbich a—seCond only

to| Saudi Arabia]in oil output

D3: ..J] Iraq'p oil infrastructure increased its output by
7.7 perce =2 .

D4: a member of the 11 -nation Orgam1 part+en, of Petroleum
Exportind o ies (QPEC) ... 3 G 3 - -

the gasx
and th

Saudi Arabia

United Arab Emirates




Diversity

* Short keyword queries are inherently
ambiguous

— An automatic system can never know the user’s
intent

e (Another person can’t even really know the original
user’s intent!)

* Diversification attempts to retrieve results that
may be relevant to a space of possible intents



Evaluation Measures

e Subtopic recall and precision can be used

— This time with judgments to intents rather than
subtopics

* Measures that know about intents:
— “Intent-aware” family of measures (Agrawal et al.)
— o-nDCG (Clarke et al.)
— ERR-IA (Chapelle et al.)



Intent-Aware Measures

* Assume there is a probability distribution P(i |
Q) over intents for a query Q

— Probability that a randomly-sampled user means
intent i when submitting query Q

 The intent-aware version of a measure is its
weighted average over this distribution
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a-NnDCG

 a-nDCG is a generalization of nDCG that
accounts for both novelty and diversity

* ais a geometric penalization for redundancy

— Redefine the gain of a document:
* +1 for each subtopic it is relevant to
* x(1-a) for each document higher in the ranking that
subtopic already appeared in

e Discount is the same as usual
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ERR-IA

* |Intent-aware version of ERR

* But it has appealing properties other IA measures
do not have:
— ranges between 0 and 1

— submodularity: diminishing returns for relevance to a
given subtopic -> built-in redundancy penalization

* Also has appealing properties over a-nDCG:
— Easily handles graded subtopic judgments
— Easily handles intent distributions



Today’s Outline

 Evaluation based on user models

* Query sessions



Why sessions?

e Current evaluation framework

— Assesses the effectiveness of systems over one-
shot queries

* Users reformulate their initial query

e Still fine if ...

— optimizing system for one-shot queries led to
optimal performance over an entire session



Why sessions?

When was the DuPont Science Essay Contest created?

Initial Query : DuPont Science Essay Contest
Reformulation : When was the DSEC created?

 e.g. retrieval systems should accumulate
information along a session
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Extend the evaluation framework

From one query evaluation

To multi-query sessions evaluation



Construct appropriate test collections

Rethink of evaluation measures



Basic test collection

e A set of information needs
What do we know about black powder ammunition?

— A static sequence of m queries

Initial Query : black powder ammunition
15t Reformulation : black powder wiki

2nd Reformulation : gun powder wiki

(m-1)th Reformulation : history of gunpowder
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black powder

ammunition
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Rethink of evaluation measures



What is a good system?



How can we measure “goodness”?



Measuring “goodness”

The user steps down a ranked list of documents and

observes each one of them until a decision point
and either

a) abandons the search, or

b) reformulates

While stepping down or sideways, the user
accumulates utility



What are the challenges?



Evaluation over a single ranked list
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Existing measures

* Session DCGQG [Jarvelin et al ECIR 2008]

The user steps down the ranked list until rank k and
reformulates [Deterministic; no early abandonment]

* Expected session utility [Yang and Lad ICTIR 2009]

The user steps down a ranked list of documents until
a decision point and reformulates [Stochastic; no
early abandonment]



Model-based measures

Probabilistic space of users following
different paths

* Qisthe space of all paths
* P(w) is the prob of a user following a path w in Q
* M, is a measure over a path w

esM = Z P(w)M,

w €
[Yang and Lad ICTIR 2009]



Probability of a path

(1) Probability of
abandoning at reform 2

X

(2) Probability of
reformulating at rank 3
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Model-based measures

Probabilistic space of users following
different paths

* Qisthe space of all paths
* P(w) is the prob of a user following a path w in Q
* M, is a measure over a path w

esM = Z P(w)M,

w €
[Yang and Lad ICTIR 2009]



Today’s Outline

 Evaluation based on user models
— Gain/Discount Framework

— Modeling browsing behavior
* RBP, AP, DCG, ERR, EBU

— Modeling utility
* NDCG, GAP

* Novelty and diversity

* Query sessions



