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Abstract object anaphora (Asher 1993)
Anaphora in which the anaphor refers to an
abstract object

® an event,a proposition, or a property
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Other Challenges

® Scarce annotated data

® Split antecedents

® Discontinuous spans of text
® |mplicit antecedents

® Reader has to infer the actual referent



Our Focus

® Several abstract demonstrative nouns:

this problem, this idea, this decision
(Francis 1994, Schmid 2000)

® Resolve abstract anaphora signalled by abstract
demonstrative nouns



Our Focus

® Several abstract demonstrative nouns:

this problem, this idea, this decision
(Francis 1994, Schmid 2000)

® Resolve abstract anaphora signalled by abstract
demonstrative nouns VERY HARD!!]

T e—



Our Focus

® Several abstract demonstrative nouns:

this problem, this idea, this decision
(Francis 1994, Schmid 2000)

® Resolve abstract anaphora signalled by abstract
demonstrative nouns VERY HARD!!]

T re——

This work: Resolve abstract anaphora
sighalled by this issue




Why “issue™?

® Common in all kinds of text
(13,489 instances in the NYT and |, |6 instances in
65,000 Medline abstracts)

® Antecedents take several syntactic forms
(e.g., sentence, clause, nominalization, mixed).

® [ractable problem at least in certain
domains



Annotation



Data and Annotation

|83 this issue instances from the Medline abstracts
Task: marking text segments as antecedents

Two annotators independently annotated |32
Instances

Inter-annotator agreement of 0.86 using
Krippendorff’s unitizing alpha (Krippendorff 1995)

One annotator annotated remaining 51| instances



Antecedent lypes

clause
sentence
mixed
nominalization

Only 17.4% noun phrases
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Resolution Algorithm

Medline abstracts
containing this issue \

Candidate extraction

\/

Feature extraction

\

Candidate ranking \

Predicted
Antecedents



Candidate Extraction

® [hree sentences as a source for candidates

Given these
data, decreasing HTD to < or = 5 years may have a
detrimental effect on patients with locally advanced
rostate cancer.
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Candidate Extraction

Given these data, decreasing HTD to < or = 5 years may
have a detrimental effect on patients with locally advanced
brostate cancer.

e /

PP : NP VP

VBN : MD VP
Given DT NNS VBG NN TO may VB NP
these data decreasing HTD to PRN NTS have
-LTB— C|C AD|VP NlP years | A[l)JP N|N ITJ
/\
-LRB- or R|B CID a J|J effect on NlP PP
/\
= 5 detrimental N|NS I|N NP
/\
patients with ADJP NN NN
Dan Klein and Christopher D. Manning 2003 RB/\U p,olme canl(e,

locally advanced
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Candidate Extraction

Candidate: decreasing HTD to < or = 5 years

Syntactic type: noun phrase

ROOT
|
- .
—w
//////ﬁ\\\\\\ - 7
NP PP MD ,A..‘.P_
///\\\ ’//////\\\\\\\ | R .
VTC NIN T|0 NP may VB “-Jl"‘
| |decreasing HTD to PRN NTS have NP PP
T [~
—LTB— clc AD|VP NIP years L‘|l *l"tl” "J’"J 3“‘ A
-LRB- or RB CD a l‘_ effect on |
l ‘|5 detrimenta NNS IN | AV\{P
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Candidate Extraction

Candidate: may have a detrimental effect on patients with
locally advanced prostate cancer
Syntactic type: verb phrase

ROOT
|
— -
{ ) N o N VP — - —
gven DI NNS VBG NN I()x 77 77\”" m|ay VE///\NP
these .;1.;‘:..1 .; |. ng »4"f[1‘ | PRN NNS halve NP///\PP
LRB- CC ADVP NP ‘ DmN IN/\NP
LJ" ‘ P‘" CIE?' .-Ia JIJ efflect oln NP/\PP
[ l detrirLental NLS I/\th
patilents wi|th AmN
" T TS
Ioclally advalnced
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Candidate Extraction

Candidate: Given these data, decreasing HTD to < or =5
years
Syntactic type: mixed (PP + NP)

ROOT
|
- .
T o
VBN & MD VP
Given DlT NTS VTG NIN T|O nay VB “-J-‘__
these data decreasing HTD to PRN NTS have NP PP
-LTB- CIC AD|VP NIP years UII 'ALI"_I” "J|‘-J :‘\1 \1_;‘7
-LRB- or RB CD a l‘, effect on |
letrimenta NS OIN - NP
' ‘\ A:)’Jr; | NN
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Candidate Extraction

Candidate: decreasing HTD to < or = 5 years may have a
detrimental effect on patients with locally prostate cancer
Syntactic type: mixed (NP +VP)

e ————

F | — VP
//\ /\
VEN NP : NP PP MD VP
| ik T T | L= e
saven DI “~“‘J\ VIIBG N|N TIO NP may VlB NP
/\ //\
these data |decreasing HTD to PRN NTS have NP PP
—LTB- CIC AD|VP N|P years DlT All)JP NlN Illﬂ NP
/\
-LRB- or R|B C|D a JIJ effect on N|P PP
/\
= 5 detrimental Nr|ﬂS lll‘l NP
/\
patients with ADJP NN NN
N | |
R|B Jlj prostate cancer
locally advanced
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Candidate Extraction

Candidate: a detrimental effect on patients with locally
advanced prostate cancer
Syntactic type: noun phrase

LRE

——

\”',

ROOT
|
> ~
A‘\"P _ —
'-.'D | f\‘}’»
may
/\
\J\‘JS have NP PP
//\ /\
\JIP years D|T All)JP NlN Ill\l NP
//’////\\\\\\\
CIE?' a jlj effect on N|P PP
/\
S detrimental NIINS I|N NP
//\

patients with /ADJP\ NlN N|N
RB )] prostate cancer

locally advanced
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Feature Extraction

® |2 feature classes, 43 automatically
extracted features

® [ssue-specific features

® [ssue pattern
(e.g., (IN whether) (S ...) )

® Governing verb of the candidate
(e.g., debate, argue, speculate)

® (Candidate head in the dependency tree

(e.g., controversial, unknown)
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Non-issue Features

Feature

syntactic type

embedding level

Description

syntactic type of the candidate

embedding level in the parse tree

main clause whether the candidate is in the main clause
dependency dependency relation of the candidate to its head
semantic role semantic role of the candidate

context context of the candidate

modals presence of modals

subordinating
conjunction

lexical overlap

presence of subordinating conjunctions

word overlap (e.g., with anaphor sentence)

distance

length

distance of the candidate from the anaphor

number of words in the candidate

Miller 2008; Srikumar and Roth 2011; de Marneffe et. al. 2006

27



syntactic l
ST —

Non-issue Features

syntactic type syntactic type of the candidate

embedding level embedding level in the parse tree

main clause whether the candidate is in the main clause
dependency dependency relation of the candidate to its head
semantic role semantic role of the candidate

context context of the candidate

modals presence of modals

subordinating

. . presence of subordinating conjunctions
conjunction

lexical overlap word overlap (e.g., with anaphor sentence)
distance distance of the candidate from the anaphor
length number of words in the candidate

Miller 2008; Srikumar and Roth 2011; de Marneffe et. al. 2006

27



syntactic l
T —

Non-issue Features

semantic l
T e—

syntactic type syntactic type of the candidate

embedding level embedding level in the parse tree

main clause whether the candidate is in the main clause
dependency dependency relation of the candidate to its head
semantic role semantic role of the candidate

context context of the candidate

modals presence of modals

subordinating

. . presence of subordinating conjunctions
conjunction

lexical overlap word overlap (e.g., with anaphor sentence)
distance distance of the candidate from the anaphor
length number of words in the candidate

Miller 2008; Srikumar and Roth 2011; de Marneffe et. al. 2006

27



syntactic
T —

Non-issue Features

syntactic type syntactic type of the candidate

semantic
T e—

embedding level embedding level in the parse tree

main clause whether the candidate is in the main clause
dependency dependency relation of the candidate to its head
semantic role semantic role of the candidate

lexical

\

4

context context of the candidate
modals presence of modals

subordinating

. . presence of subordinating conjunctions
conjunction

lexical overlap word overlap (e.g., with anaphor sentence)
distance distance of the candidate from the anaphor
length number of words in the candidate

Miller 2008; Srikumar and Roth 2011; de Marneffe et. al. 2006

27



syntactic
T —

Non-issue Features

syntactic type syntactic type of the candidate
embedding level embedding level in the parse tree

main clause whether the candidate is in the main clause

semantic
T e—

dependency dependency relation of the candidate to its head

semantic role semantic role of the candidate

lexical

\

4

context context of the candidate
modals presence of modals

subordinating

. . presence of subordinating conjunctions
conjunction

other7

T

lexical overlap word overlap (e.g., with anaphor sentence)
distance distance of the candidate from the anaphor
length number of words in the candidate

Miller 2008; Srikumar and Roth 2011; de Marneffe et. al. 2006

27



Candidate Ranking

Candidate ranking model (Denis and Baldridge 2008)

Candidates for anaphor instance A;
C={C1, Co, ..., Ci}

Corresponding feature vectors
Cr=1{Cn, Cp, .., Cpi

Training instances for anaphor instance Aj
(Ai, Cp, rank) VCj € Cr

SVMrank (56achims 2002)
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Evaluation
and
Results



Evaluation Metrics

® Exact Match (EXACT-M)

® Percentage of instances on which the system
and the gold data agree

® Rather a strict evaluation
® ROUGE-L-Like (RLL)
® Similar to ROUGE-L (Lin 2004)

® [ CS (Longest Common Subsequence)
LCS(ABCD,'BDFE)=2
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Evaluation Metric: RLL

e System-annotated antecedents: S = {S;, S>, ..., Su}
Gold antecedents: G = {Gy, G, ..., Gn}

K=Y LCS(S;,G;)
=1

® Prir=K/#wordsin S
® Rrir=K/#words in G

® RI.L F-score = harmonic mean of Pr;; and Rris
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Baseline

® Guess previous sentence as the antecedent
® High baseline

® 84% of antecedents lie within this sentence
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Performance of Our System

" 5-fold cross-validation

" Held-out
85 60
80 55
75 >0
ut >
o I_l 45
3 70 Q 40
e 60 30
55 25
50 20 |
Baseline  Best All Baseline  Best All

Our systems beat baselines.
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Issue-specific vs Non-issue

RLL F-score

85
80
75
70
65
60
55
50

" 5-fold cross-validation
W Held-out

Baseline Best Issue-specific ~ Non-issue
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Issue-specific vs Non-issue

RLL F-score

85
80
75
70
65
60
55
50

" 5-fold cross-validation
W Held-out

Baseline

Issue-specific J| Non-issue

Way below Only a
baseline slight drop

T eese— TUSmW osme—
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Reducing Search Space

® | arge search space

® On average 43.6 constituents per
sentence

® Can we reduce it!?

® QOracle candidate sentence extractor

35



Reduced Search Space

" 5-fold cross-validation
" Held-out

920

85

80

75

RLL F-score

/70

65
Baseline Best Oracle candidate

sentence extractor

Reduction of search space markedly improved
the performance.
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Conclusion
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Annotation and Resolution

® Possible to resolve abstract anaphora
® |n particular, this-issue anaphora

® Jext segments as antecedents
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Non-issue Features

® Big role in this issue resolution

® Possible to generalize the approach to
other abstract nouns

® decision, problem, and fact.
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Search Space Reduction

® Reduction of search space helps
® Possible to reduce the search space

® [wo-stage approach
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Future VWork

® Extend the work to other abstract nouns
such as problem, fact, and decision.

® Experiment with a two-stage resolution
approach.

® Extract issues from text using observed
issue patterns (e.g., X is controversial, X is
under debate) as seed patterns.

4]



Thanks!



Krippendorff’s
Unitizing alpha

I ISP Fis Fig Fis Fie Fi7  Tig F19
Annotator 1
id, id; id, ids
1 Voo 73 Vo4 Vs 6 % X V9 F>.10
Annotator 2
id, id, id; id, ids
1 2 3 4|5 l6| 7 8 | 9 10 13 14

Intersections

11 ‘ 12

inter-annotator agreement = 0.86
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LCS

® | CS definition:

A subsequence of a string S is the sequence of words

that are not necessarily contiguous but are nevertheless
taken in order .

® | CS(“There is a controversial debate whether back school
brogram might improve quality of life in back pain patients.”,
“whether back school program might improve quality of life in
back pain patients.”) = |3
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Split Antecedent

Because all of us carry some baggage from our
past, | seldom arrive in Paris, where work takes
me four or five times a year, without some
feeling of being an ugly duckling or, at any rate,
a small town person. No doubt it is for this
reason -- | can think of no other -- that | stay in
the same hotel, in the same room, and consider
the area around the Place Vendome my

neighbourhood.
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Label Nouns in NY T

Label Noun Frequency Schmid’s Category

way 41,279  circumstantial
point 31,442  factual

issue 13,489  factual

area 11,961 circumstantial
decision 8,794  mental
problem 8,116  factual
situation 7738  circumstantial
approach 7434  circumstantial
question 6389  linguistic
view 6305 mental
information 6102 linguistic
plan 5990 mental

idea 4974  mental
reason 4558 factual

goal 3821 mental
argument 3501  linguistic
trend 3078 modal

fact 3001 factual

effect 2018  factual
conflict 1700  factual
feature 919 factual
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After the loss of the Columbia, NASA considered removing or
redesigning the PAL ramp. But agency officials said that no good
alternatives emerged, and ultimately decided not to change
it. Instead, the ramp would be examined through
an internal scan that would not require cutting
into the material, to look for the air pockets, or voids, that
are the leading cause of foam shedding.

Agency officials have broadly admitted since then that this
decision was a mistake.As Dr. Griffin said in a television
interview on Sunday, "We goofed on that one."
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