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/Other data: \

- history
- collaborative
filtering

- text content

7

User models by
machine learning

Inferred relevance
or interestingness

Usable in a variety of applications,
iIncluding proactive IR
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OStandardO information retrieval
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Research - Eye Movements

FINDINGS ON EYE MOVEMENTS DURING SEARCH The information limits of saccadic targeting:
How much guidance is there in eye movements during search? ...
www.psych.ucsb.edu/~eckstein/labvvp_ EMdet.html - 7k - Valimuistissa - Samankaltaisia sivuja

Research - Eye Movements

What are the processes that guide eye-movements during search? What is the information
available to the 1st saccade during search and how does it compare to ...
www.psych.ucsb.edu/~eckstein/lab/vp_EM.html - 6k - Valimuistissa - Samankaltaisia sivuja
[ Lisaa tuloksia kohteesta www.psych.ucsb.edu ]

Eye Movements and Visual Search in Dentistry

Eye Movements and Visual Search in Dentistry. ... interpretation and the behavior of

radiclogists; the necessity of using other information for diagnosis ...

www.onderwijs. acta.nl/ radiclogieweb/research/farwest.htm - 12k - Valimuistissa - Samankaltaisia sivuja

Eye movements - uncontrollable

.. Search: Dr.Koop, Web, MEDLIME, ... cculography: An electrical method of measuring eye
movements using tiny ... The information provided herein should not be used during ...
www.drkoop.com/ency/article/003037.htm - 40k - Valimuistissa - Samankaltaisia sivuja

Eye movements - uncontrollable
.. Search: Dr.Koop, Web, MEDLIME, ... Rapid eye movements from side to side; Uncontrolled
eye movements. ... The information prowded herein should not be used durmg any .
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OStandardO information retrieval

Given an explicit typed query, return a set of
documents that are the most relevant to the

query.

RebPne the search based on explicit feedback.

Problems:
¥Formulating good queries is difbcult
¥Giving explicit feedback is tedious
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Proactive information retrieval

Given implicit feedback signals (e.g. eye
movements), infer what the user is interested
IN. Use the inferred interests in information

retrieval.

Difference from IR: Either
¥no query available, or
¥no explicit feedback available




Three tasks for ML In proactive IR

A. Infer explicit relevance from implicit feedback
b The rest as usual in IR

B. Query construction: Infer implicit query from
iImplicit feedback

b Use the inferred query to search for new
relevant documents

C. Complement explicit feedback with implicit
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Setting of a feasiblility study

Gather a learning data set where relevance is
Known:

b Show a set of titles of scientibc papers,
measure eye movement trajectory, and ask
about the relevance of the titles afterwards.

Task: predict relevance for new titles, given the
eye movement trajectory.

(PuolamSki, SalojSrvi, Savia, Simola, Kaski:Combining Eye Movements and
Collaborative Filtering for Proactive Information Retrieval. SIGIR'05)
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Blink and =hrink: The Effect of the Attentional Blink on =Spatial Processing

Eye movements of 3 subjects
were measureceye-
subjects).




¥Task: estimate
p(“title Is
relevant” | eye
movements)

Eye movements

y ¥ S
i j ’i s 4

Jaana Simola andobii 1750 Eye
Tracker

o e

Pleistocene to Holocene E>:tri|]-;t_igm Dynamizs in t_:ign_t_ae_er and woolly I‘.\:'I;m?ﬂoth
How to Better Use Expert Advice

Accelerating Reinforcement Learning through Implicit Imitation

Madels of the Mechanism Underlying Perceived Location of a Perisaccadic Flash

Updating Probahilities

Expression Influences the Recognition of Familiar Faces
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Feature extraction

¥Segment the trajectory
according to words

¥Compute a set of

features for each
segment (from
reading research)

¥Result: A sequence of
feature vectors




4 Predicting relevance with
Discriminative Hidden Markov
Models (HMM)

7

R I
% % relevance={R,l}

¢ First level: transitions between sentences
e Second level: transitions between words

* Optimized with Discriminative Expectation

Maximization (EM) algorithm
(SalojSrvi et al, ICML!05)
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7 Results i i
Small perplexity and large accuracy is better.

Model Perplexity |Accuracy
Dumb Model ; 66.6 %
HMM (eye movements) |1.78 73.3 %

Clearly better than by chance but not close to
100% because eye movements are a very
noisy and indirect indicator of relevance

=> Complement with other information sources
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”Results | -
Small perplexity and large accuracy is better.

Model Perplexity |Accuracy
Dumb Model ; 66.6 %
HMM (eye movements) |1.78 73.3 %

Model Perplexity |Accuracy
URP (collab. bltering) 1.50 83.0 %

Very good!

But are eye movements needed at all?
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Dirichlet Mixture Model

¥Combines
predictions by
taking their
uncertainty into
account

¥Modular approach:
original
probabilities from

- Graphical
existing models model

¥For details: SalojSrvi representation

of Dirichlet
et al., ECML!05 Mixture Model

23
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7Results

Model Perplexity |Accuracy
Dumb Model ; 66.6 %
HMM (eye movements) |1.78 73.3 %

Model Perplexity |Accuracy

URP (collab. Pltering) 1.50 83.0 %

Model Perplexity | Accuracy
Linear Mixture 1.50 83.0 %
Dirichlet Mixture 1.48 85.2 %

Small perplexity and large accuracy is better.
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2. What Is proactive IR?
3. Infer explicit feedback from implicit

- Combine data sources
4. Infer implicit query from implicit
feedback
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Uses of GnuPG

GPGC is stable, production-quality software. It is frequently included in free operating
systems, such as FreeBSD, OpenBsD, and NetBSD and nearly all distributions of
GMUJ Linux.

Although the basic GPC program has a command line interface, there exist various

front-ends that provide it with a graphical user interface; for example, it has been h /
integrated into KMail and Evolution, the graphical email clients found in the most popular - (2= =
Linux desktops KDE and GNOME. A plugin known as Enigmail allows GPC to be integrated

with Mozilla and Thunderbird, which works on Microsoft Windows as well as Linux and other operating systems.
Mote that. hecause the nluoin mechanism is not nart pf GPG itself and not specified by the Open PGP standard,

- ] -
N . R . rs were involved in their development, it is possible that
In cryptography, digital signatures . e
R e e Pt e :n lost as a result of using such auxiliaries.
digital information often treated, wc OS5 X and Windows. For Mac OS X, there is a free port
sometimes too closely, as analogous
to a physical signature on paper.
Whil=t there are analogies, there BCalse security provisions vary with operating system and

are also... pilers should routinely produce executables which will

5 X user interface and its native class definitions. Cross

Public-key cryptography 5.
Public-key cryptography is= a form of
modern cryptography which allows
users to communicate securely

wriblonnt e grrd s1elar aeree 11T ==

GPC encrypts messages using asymmetric keypairs individually generated by GPG users. The resulting public
1keys can be exchanged with other users in a variety of ways, such as Internet keyservers. They must always be
exchanged carefully to prevent identity spoofing by corrupting public key < 'owner' identity correspondences.

b

It is also possible to add a cryptographic digital signature to a message, so the message integrity and sender
can be verified, if a particular correspondence relied upon has not been corrupted.

GPC does not use patented or otherwise restricted software or algorithms, including the IDEA encryption
algorithm which has been present in PGP almost from the beginning. Instead, it uses a variety of other,
non-patented algorithms such as ElGamal, CASTS, Triple DES (3DES), AES and Blowfish. It is still possible to use
IDEA in GPG by downloading a plugin for it, however this may require getting a license for some uses in some
countries in which IDEA is patented.

GPC is a hybrid encryption software program in that it uses a combination of conventional symmetric—key

i dilb 2 [Eal @ | Done
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Sometimes easy

XenotargDs S ("stranqe—ari(le lizard") is a little-understood therow of the late

Cretace@s (~83 - 73 mya). It probably weighed 0.4- 1.0 tons.

fossjl evidence consists small number of vertebrae and leg bones,
retrieved from the BajdBarreal Formation, Chubut, Argentina. From these samples,
Martinez, Giminez, Rodriguez and Bochatey named the type species, X. bonapartei,

in 1986. It was probably an allosaurid.




...and sometimes hard

The history of film is on® of the most rap@lly moving of any artistic or
communications medium ever, as-befits perhaps the first great mass medium of the

modern era. Film has gonethrough a remarkable array of changes and developed a

remarkable variety istication-in_barely more than one hundred years of

existence.
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Different reading styles make it harder
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Different reading styles make it harder

Among the recc.mgnizable Olympic s

white flag with the Olympic Rings on it in five colours.
The Olympic Flame: A flame burning day and night for the duration of the Olympic
Games.
The Olympic Fanfare and Theme: A musical composition by John Williams.
The Kotinos: A crown made from an olive branch, which can seen atop many

statues of ancient Olympic victors.




Assumptions

¥There is a link between relevance of a word
and eye movements

¥There is data for which relevance is known
(but for different topics)

¥The link is independent of the actual topic

=> The link can be learned from data collected
on a set of topics, and generalized to new
topics




Z Modeling task

1. Infer the parameters w of a ranking function g
from eye movements.

2. Apply the ranking function gw(d) to new
documents d, and retrieve the best

Howto learn w:

¥Assume w separates: w; for term t

¥Learning data: Collect data with a known
guery (debnes relevance for eachd )

¥Ground truth for w: On a learning set of
documents d with known relevance, optimize
w to maximize IR performance

¥Learn a regressor Wy = f, (&,S) from the
eye movement e: and other features s: 32




/% Results

Given 10 documents with eye movements, infer
the implicit query and apply it to 244 new
documents.

Statistically signibPcant improvement from
random average precision: 5.11% --> 9.81%

Absolute value is still low: Explicit feedback
would give 54.85%. We are working on this...

Random Implicit Explicit

Space exploration 511 17.74 62.64
Speeches 511 10.55 45.27
Television 511 6.78 29.77
Transportation 5.11 16.73 34.86




7Z Bonus: Inferred relevance can be

visualized

Xenotarsosaurus

lizard") little-understood theropod

Cretaceous probably weighed tons.

only fossil evidence consists small number of vertebrae bones,

retrieved from Bajo Barreal Formation, Argentina. From these samples,

Rodriguez Bochatey named type species,

probably an allosaurid.

The only fossjl evidence consists small number of vertebrae and leg bones,

retrieved from the Bajd@Barreal Formation, Chubut, Argentina. From these samples,

Martinez, Giminez, Rodriguez and Bochatey named the type species, X. bonapartei,

in 1986. It was probably an allosaurid.
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4. Infer implicit query from explicit
feedback

5. Complement explicit feedback

with implicit
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Task (complement expl with impl)

Given a small set of texts with known
relevance and measured eye
movements,

¥learn an estimator for relevance
given text contents and eye
movements

¥transform into an estimator which
uses only text contents

¥apply the estimator to new
documents (no eye movements)_




Z How? (to complement expl with impl)

Assumption: What is shared by text content and
eye movements is relevant for classibcation

In other words: Text content and eye
movements are 2 views to the same
documents

SVM-2K:

¥Extract the common aspects of the 2 views
with KCCA

¥Do classibcation with SVM, given the common
aspects

¥Finally: Extract out the part that only uses text




Expl.
feedb.
SVM;

Impl.&Expl.

feedback
SVM-2K;

Astronomy
Ball games
Cities
Court systams
Dinosaurs

36.35
65.12
64.26
59.23
98.33

37.48
78.97
64.86
60.48

89.75

Education
Elections
Family
Film
Governmert

Average

32.03
68.49
50.35
41.78
27.64

41.12
68.87
67.97
48.32

25.59

54.85

58.71
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It IS not enough to be proactive

... the computer needs
| am not convinced yet.

gOOd manners as well. What would you like to do?

1) Improve data set selection
2) Go skiing

Options
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Conclusions

¥ Eye tracking does give information about user
preferences/interests/relevance

The link between eye movement trajectory and
Interests is non-trivial => machine learning

So far: Feasibility studies in the new field

Promising, especially when combined with other
sources (data,signals)

¥ We do not know yet how far it Is possible to go

A very promising new research area for machine
learners!

More information:
http://www .cis.hut.fi/projects/mi/proact




