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Word Meanings and Evaluation

Word meaning is important for semantic interpretation
e what is the right representation to use?

@ how can we compare representations and inventories of word
meaning?

The meaning of a word depends on the context
@ most work on disambiguation uses man-made inventories
e are the distinctions appropriate?

e how can we compare disambiguation techniques without
specifying the inventory?
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Background ense Disambiguation (vsd)
S al

Word Sense Disambiguation (WSD)

Given a word in context, nd the correct \sense"

Residents say militants in a station
wagon pulled up , doused the
building in gasoline , and struck a
match.
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Residents say militants in a station
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building in gasoline , and struck a
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Background ense Disambiguation (vsd)
S al

Word Sense Disambiguation (WSD)

Given a word in context, nd the correct \sense"
After the match, replace any
remaining uid de cit to prevent
problems of chronic dehydration
throughout the tournament.
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Background ense Disambiguation (vsd)
al

Word Sense Disambiguation (WSD)

Given a word in context, nd the correct \sense"

After the match, replace any
remaining uid de cit to prevent
problems of chronic dehydration
throughout the tournament.

match#n#2
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Background Word Sense Disambiguation (vsd)
senseval
Issues

senseval Evaluation Series

o 1997 ACL-SIGLEX initial ideas for standard datasets fisd
evaluation
\Tagging Text with Lexical Semantics: Why What and How?"

@ senseval 1998senseval -2 2001senseval -3 2004
@ increase in the range of languages
@ man-made inventories used, especially WordNet
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Background Word Sense Disambiguation (vsd)
senseval
Issues

senseval Lessons

@ supervised systems outperform \unsupervised"
e hand-labelled data is costly

o best systems performing just better than rst sense heuidst
over all words e.g. English all wordenseval -3

@ precision
mrecall

bsssssssssUusssUUUUUUULULUULLY

supervised / unsupervised
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Background Word Sense Disambiguation (vsd)
senseval
Issues

Can This Level of Performance Bene t Applications?

@ Enough context:wsd comes out in “the statistical wash'
@ not enough context and can't do anyway

o IR [Clough and Stevenson, 2004, Schatze and Pederson, 1995
vs [Sanderson, 1994]

@ MT [Carpuat and Wu, 2005b, Carpuat and Wu, 2005a] vs
[Chan et al., 2007, Carpuat and Wu, 2007]

McCarthy, Navigli Lexical Substitution



Man-made Inventories

Inventories of Word Meanin
9 Automatically Induced Inventories

Outline

© Inventories of Word Meaning
@ Man-made Inventories
@ Automatically Induced Inventories

McCarthy, Navigli Lexical Substitution



Man-made Inventories

Inventories of Word Meanin
9 Automatically Induced Inventories

What is the Right Inventory?

@ WordNet often used
@ but what is the right level of granularity?

match has 9 senses in WordNet including:-

@ 1. match, lucifer, friction match{ (lighter consisting of a thin piece
of wood or cardboard tipped with combustible chemical; tgsiwith
friction; "he always carries matches to light his pipe")

@ 3. match { (a burning piece of wood or cardboard; "if you drop a
match in there the whole place will explode™)

@ 6. catch, match{ (a person regarded as a good matrimonial
prospect)

@ 8. couple, mates, matcH (a pair of people who live together; "a
married couple from Chicago")
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Man-made Inventories

Inventories of Word Meanin
9 Automatically Induced Inventories

What is the Right Inventory?

@ many believe we need a coarse-grained levesad
applications [Ide and Wilks, 2006] (though see [Stokoe, 2|90

@ but what is the right way to group senses?

Examplechild WordNet

WNs# gloss
1 a young person
2 a human o spring
3 an immature childish person
4 a member of a clan or tribe

o for MT use parallel corpora if know target languages
@ what about summarising, paraphrasing QA, IR, IE?
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. . Man-made Inventories
Inventories of Word Meaning Automatically Induced Inventories

What is the Right Inventory?

@ many believe we need a coarse-grained leveisn
applications [Ide and Wilks, 2006] (though see [Stokoe, Z])0

@ but what is the right way to group senses?

Examplechild WordNet senseval -2 groups

WNs# gloss
1 a young person
2 a human o spring
3 an immature childish person
4 a member of a clan or tribe

o for MT use parallel corpora if know target languages
@ what about summarising, paraphrasing QA, IR, IE?
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Man-made Inventories
Automatically Induced Inventories

Inventories of Word Meaning

Distributional Approaches to Finding Word Meanings

Vector based approaches from raw data eapach

context frequency
coach bus trainer
take 50 60 10
teach 30 2 25
ticket 8 5 0
match 15 2 6
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Man-made Inventories

Inventories of Word Meaning Automatically Induced Inventories

Vector Based Approaches

take  train
carriage

50 bus coach

trainer

teacher

30 teact
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Man-made Inventories

Inventories of Word Meaning Automatically Induced Inventories

Vector Based Approaches

take  train

coachcarriage

50 bus

trainer

coach
///,/////////// teacher

30 teact
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Man-made Inventories

Inventories of Word Meaning Automatically Induced Inventories

Distributional Approaches from Parsed Data

context frequency
coach bus trainer|
object take 39 58 9
subject teach 29 1 23
subject instruct 12 0 15
object drive 25 35 10
noun modi er ticket 10 13 1

Output
Word: < closest wordt < score> < 2nd closest> < score-. ..
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Man-made Inventories

Inventories of Word Meaning Automatically Induced Inventories

Distributional Approaches from Parsed Data

context frequency
coach bus trainer|
object take 39 58 9
subject teach 29 1 23
subject instruct 12 0 15
object drive 25 35 10
noun modi er ticket 10 13 1

Output
Word: <closest word < score> < 2nd closest> < score-. . .
coach: train 0.171 bus 0.166 player 0.149 captain 0.131 car 0.131
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Man-made Inventories

Inventories of Word Meaning Automatically Induced Inventories

Distributional Approaches from Parsed Data

context frequency
coach bus trainer|
object take 39 58 9
subject teach 29 1 23
subject instruct 12 0 15
object drive 25 35 10
noun modi er ticket 10 13 1

Output

Word: < closest word < score> < 2nd closest> < score>. ..
coach: train 0.171bus0.166 player 0.149 captain 0.13dar 0.131
Grouping similar words [Pantel and Lin, 2002]
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Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Outline

© Lexical Substitution
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Motivation
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Lexical Substitution Post-Hoc Evaluation

Lexical Substitution

Find a replacement word for a target word in context

For example

The ideal preparation would be a light meal about 2-2 1/2 heur
pre-match , followed by a warm-up hit and perhaps a top-uptwit
extra uid before thematch.
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Lexical Substitution

Find a replacement word for a target word in context

For example

The ideal preparation would be a light meal about 2-2 1/2 heur
pre-match , followed by a warm-up hit and perhaps a top-uptwit
extra uid before thegame
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Motivation

evaluate methods of disambiguating word meanings
inventory to be determined by task

permit any inventory without requirement for mapping
evaluate inventory as well as disambiguation

task which has potential impact for applications

no hand-labelled training data
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Motivation
Task Set Up

. P Results
Lexical Substitution Post-Hoc Evaluation

SemEval

see http://nlp.cs.swarthmore.edu/semeval/tasks/indeghtml

evaluation run during March 2007

)]

@ results sent out in April 2007

@ Workshop at ACL 2007 Prague

@ 18 tasks including:

@ wsd tasks @ semantic relations

e web people search between nominals

o a ective text @ word sense induction
o time event @ metonymy resolution
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

English Lexical Substitution Task Set Up

e 201 words (nouns, verbs, adjectives and adverbs)
words selected

s manually 70
s automatically 131

each word with 10 sentences

2010 sentences

300 trial set 1710 test set

English Internet Corpus [Sharo , 2006]

sentences selected

s manually for 20 words in each PoS
@ rest were randomly selected
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Annotators

o 5 native English speakers from the UK
@ range of backgrounds

@ 3 some background in linguistics
@ 2 other backgrounds

o all subjects annotated the entire dataset
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Motivation
Task Set Up
Results

Lexical Substitution el EalEdEr

Instructions

o the substitute should preserve the meaning of the target avor
as much as possible

@ use a dictionary or thesaurus if necessary

o supply up to 3 substitutes if they all t the meaning equally
well

@ use a phrase if you can't think of a single word substitute

@ pick a substitute that is close in meaning even if it doesn't
preserve the meaning (aim for one that is more general)

@ usenil if you cannot think of a substitute

@ use \name" for proper names

o indicate if the target word is an integral part of a phrase,dn
what the phrase is
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

The Annotation Interface
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Lexical Substitution Post-Hoc Evaluation

Substitutes forre (verb)
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Lexical Substitution Post-Hoc Evaluation

Substitutes forcoach(noun)
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Results

Lexical Substitution Post-Hoc Evaluation

Substitutes forinvestigator(noun)
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Motivation
Task Set Up

. P Results
Lexical Substitution Post-Hoc Evaluation

Agreement

pairwise agreement between every possible pairly (

PoS # pa % with modes agreement with mode
noun 497 284 74.4 52.2
verb 440 25.2 72.3 48.6
adjective 468 24.0 72.7 47.4
adverb 298 36.4 77.5 56.1
all 1703 27.7 73.9 50.7
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Scoring

best systems provide best answers and credit is divided by number
of answers

oot systems provide 10 answers and credit is not divided by
number of answers

mw systems are scored for detecting where the target word ig par
of a \'multiword" and for identifying what that multiword is

details at http://nlp.cs.swarthmore.edu/semeval/tasktask10/
taskl0documentation.pdf
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

best Scores

@ precision and recall against frequency distribution of
substitutes

@ systems can produce more than 1 answer but scores are
divided by the number of guesses as well as by number of gold
standard substitutes for that item

@ Mode precision and recall: score rst item against mode
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

WordNet Baseline

For a target word:

© synonyms from the rst synset (sense or class) ranked with
bnc frequency

@ synonyms from closely related synsets of that rst synset
ranked withbnc frequency

© synonyms from all synsets ranked witimc frequency

© synonyms from all closely related synsets of all synsethef t
target ranked withbnc frequency
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

WordNet baseline: exampteach

@ coach, manager, handlér leader

@ coach, private instructor, tutod teacher
© coach, carriage railcar

@ coach, coach-and-four carriage

© coach, bus, autobu$ public transport
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Baselines: Using Distributional Scores

Lin [Lin, 1998]
Jaccard
L1
cosine
sd [Lee, 1999]
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

10 Systems (8 teams): Inventories

Systems| WordNet Macquire Roget Other
melb iy
hi P

It P
unt D Encarta
irstl D OAWT
irst2 OAWT
ku g
swagl D
swag?2 D D
usyd Web 1T corpus
tor P
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

10 Systems: Disambiguation Approaches

Systems| google Web 1T bnc Sense tags other
melb n-gram SemCor

hit n-gram

unt n-gram n-gram morph SemCor  TE+Wiki+GA
irstl LSA

irst2 n-gram

ku n-gram

swagl n-gram

swag2 n-gram freq vectors

usyd pMI

tor pMI+freq
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Lexical Substitution Post-Hoc Evaluation

best Results
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k Set Up
Results

Lexical Substitution Post-Hoc Evaluation

best Baseline Results
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

best Results by PoS

systems all nouns verbs adjectives adverbs
ku 1290 12.14 10.68 13.92 15.85
unt 12.77 1226 7.90 12.25 21.63
melb 12.68 9.41 9.01 12.94 23.09
hit 11.35 1191 6.47 9.54 20.43
usyd 10.88 11.01 8.31 9.60 16.46
irstl 8.06 8.29 6.20 7.81 10.81
irst2 6.94 5.77 4.65 6.89 12.33
tor 2.98 2.79 0.99 4.04 4.59
WordNet bl | 9.95 8.14 7.16 6.99 21.69
Lin bl 853 1252 5.16 7.97 7.76
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Baseline Results by PoS

systems | all nouns verbs adjectives adverbs
WordNet | 9.95 8.14 7.16 6.99 21.69

lin 8.53 1252 5.16 7.97 7.76

11 7.82 10.22 6.14 7.32 7.13
lee 6.74 939 299 8.50 5.15
jaccard | 6.60 8.86 4.37 5.96 7.15
cos 4.89 6.79 1.99 5.14 5.62
Roget 465 199 547 4.85 7.51
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Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Analysis: Finding the Candidates

P . .
wp2wp 1GUwp \ SUapj
JWP]

Type U=

o whereGU is union of substitute types from annotators for all
10 sentences for word and pow/[f)

@ SU is union of substitute types from the system for all 10
sentences for word and posvp)
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Analysis: Finding the Candidates

Systems| Type U #subs TypeUniq
ku 2.88 6.30 0.58
usyd 2.58 7.51 0.54
irst2 2.57 5.50 0.29
melb 1.91 3.77 0.27
hit 1.87 4.29 0.18
irstl 1.65 4.22 0.35
unt 1.60 2.90 0.30
tor 0.70 3.66 0.14
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Motivation
Task Set Up
Results

Lexical Substitution Post-Hoc Evaluation

Analysis: Disambiguating the Candidates

Mode Precision where mode found 8U

Systems| SU of All  SU of this System
hit 58.82 52.53
unt 52.94 59.67
ku 52.94 42.31
melb 47.06 53.71
usyd 47.06 37.77
irst2 41.18 44.57
irstl 35.29 43.82
tor 23.53 37.91
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Motivation
Task Set Up
Results

Lexical Substitution Post.Hoc Evaluation

Post-Hoc Evaluation

@ 3 new native English speakers from the UK
s 1 some background in linguistics
¢ 2 other backgrounds
@ 100 randomly selected sentences (with substitutes)

@ annotators categorised substitutes from original annatest
and systems
@ good
¢ reasonable
@ bad
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Te Set Up
Results

Lexical Substitution Post-Hoc Evaluation

The Post-Hoc Annotation Interface
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Lexical Substitution Post.Hoc Evaluation

Post-Hoc Verdicts
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Motivation
Task Set Up
Results

Lexical Substitution Post.Hoc Evaluation

Post-Hoc Verdicts (separating substitutes)
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Conclusions

Conclusions

lexical substitution task successful

no training data and no xed inventory

8 teams 10 systems

human substitutes are preferred by post-hoc annotators
only a small percentage of system responses were good or
reasonable and not found by original annotators

©

¢ ¢ €

participants used a range of man-made inventories
most systems use web data for disambiguation

system using explicitvsd module did best at 'disambiguation

lots of scope for unsupervised systems
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Conclusions

Future Work

@ examine if senses and sense tag decisions correlate with
substitutions

o look at word meaning overlap using substitute overlaps
o try contextual disambiguation with distributional inveaties
@ exploit annotation of multiword data
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Conclusions

Thanks

Support from

& INTEROP NoE
(508011, &' EU FP)

task web site:

http://mww.informatics.sussex.ac.uk/research/nlp/mcarthy/
task10index.html
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Conclusions

Thanks

Support from

& INTEROP NoE
(508011, &' EU FP)

task web site:
http://mww.informatics.sussex.ac.uk/research/nlp/mcarthy/
task10index.html

Thank you!
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Conclusions

Pairwise Agreement

pairwise agreement between every possible pairPy (

P h\ hO
X (hi;h%)2P; HT A

jPij jT]

PA =
i2T
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Conclusions

best Scores

P i res2 g freqres
— 82T jajjHij
R = —
IT]
P .
Mode R= —292Tm Lif bgi = mi

I Tmj
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Conclusions

oot Scores

P P res2 o TeCles
&:i2T — JHj]
R= —
IT]
P .
Mode R= — 212 Litm2a

JTm]
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Conclusions

mw Scores

An item is considered a \multiword" if there is a majority vetby
more than one annotator for the same multiword

P . . .
detection p= __MWsY32MWsys 1if mw; exists at i
jMWsyg
P . . .
detection R= __MWSYs2MW 1if mw; exists at i
JMW |
P )
identi cation P = mwsys2Mwsys 1 I MWSys = mus
jMWsyg
P .
identi cation R = — MWsYSZMW Lif mwsys = mw
JIMW j
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