
Answ er Extraction

Stev en Abney Mic hael Collins Amit Singhal

A T&T Shannon Lab oratory

180 P ark Av e.

Florham P ark, NJ 07932

f abney ,mcollins,singhal g @researc h.att.com

Abstract

Information retriev al systems ha v e t ypically concen-

trated on retrieving a set of do cuments whic h are rel-

ev an t to a user's query . This pap er describ es a sys-

tem that attempts to retriev e a m uc h smaller section

of text, namely , a direct answer to a user's question.

The SMAR T IR system is used to extract a rank ed

set of passages that are relev an t to the query . En-

tities are extracted from these passages as p oten tial

answ ers to the question, and rank ed for plausibilit y

according to ho w w ell their t yp e matc hes the query ,

and according to their frequency and p osition in the

passages. The system w as ev aluated at the TREC-8

question answ ering trac k: w e giv e results and error

analysis on these queries.

1 In tro duction

In this pap er, w e describ e and ev aluate a question-

answ ering system based on passage retriev al and

en tit y-extraction tec hnology .

There has long b een a concensus in the Informa-

tion Retriev al (IR) comm unit y that natural language

pro cessing has little to o�er for retriev al systems.

Plausibly , this is creditable to the preeminence of ad

ho c do cumen t retriev al as the task of in terest in IR.

Ho w ev er, there is a gro wing recognition of the lim-

itations of ad ho c retriev al, b oth in the sense that

curren t systems ha v e reac hed the limit of ac hiev able

p erformance, and in the sense that users' informa-

tion needs are often not w ell c haracterized b y do cu-

men t retriev al.

In man y cases, a user has a question with a sp e-

ci�c answ er, suc h as What city is it wher e the Eur o-

p e an Parliament me ets? or Who disc over e d Pluto?

In suc h cases, rank ed answ ers with links to supp ort-

ing do cumen tation are m uc h more useful than the

rank ed list of do cumen ts that standard retriev al en-

gines pro duce.

The abilit y to answ er sp eci�c questions also pro-

vides a foundation for addressing quan titativ e in-

quiries suc h as How many times has the F e d r aise d

inter est r ates this ye ar? whic h can b e in terpreted

as the cardinalit y of the set of answ ers to a sp eci�c

question that happ ens to ha v e m ultiple correct an-

sw ers, lik e On what date did the F e d r aise inter est

r ates this ye ar?

W e describ e a system that extracts sp eci�c an-

sw ers from a do cumen t collection. The system's p er-

formance w as ev aluated in the question-answ ering

trac k that has b een in tro duced this y ear at the

TREC information-retriev al conference. The ma jor

p oin ts of in terest are the follo wing.

� Comparison of the system's p erformance to a

system that uses the same passage retriev al

comp onen t, but no natural language pro cess-

ing, sho ws that NLP pro vides signi�can t p erfor-

mance impro v emen ts on the question-answ ering

task.

� The system is designed to build on the strengths

of b oth IR and NLP tec hnologies. This mak es

for m uc h more robustness than a pure NLP sys-

tem w ould ha v e, while a�ording m uc h greater

precision than a pure IR system w ould ha v e.

� The task is brok en in to subtasks that admit of

indep enden t dev elopmen t and ev aluation. P as-

sage retriev al and en tit y extraction are b oth re-

cognized indep enden t tasks. Other subtasks are

en tit y classi�cation and query classi�cation|

b oth b eing classi�cation tasks that use features

obtained b y parsing|and en tit y ranking.

In the follo wing section, w e describ e the question-

answ ering system, and in section 3, w e quan tify its

p erformance and giv e an error analysis.

2 The Question-Answ ering System

The system tak es a natural-language query as input

and pro duces a list of answ ers rank ed in order of

con�dence. The top �v e answ ers w ere submitted to

the TREC ev aluation.

Queries are pro cessed in t w o stages. In the infor-

mation retriev al stage, the most promising passages

of the most promising do cumen ts are retriev ed. In

the linguistic pro cessing stage, p oten tial answ ers are

extracted from these passages and rank ed.

The system can b e divided in to �v e main comp o-

nen ts. The information retriev al stage consists of a



single comp onen t, passage retriev al, and the linguis-

tic pro cessing stage circumscrib es four comp onen ts:

en tit y extraction, en tit y classi�cation, query classi-

�cation, and en tit y ranking.

P assage Retriev al Iden tify relev an t do cumen ts,

and within relev an t do cumen ts, iden tify the

passages most lik ely to con tain the answ er to

the question.

En tit y Extraction Extract a candidate set of p os-

sible answ ers from the passages.

En tit y Classi�cation The candidate set is a list of

en tities falling in to a n um b er of categories, in-

cluding p eople, lo cations, organizations, quan-

tities, dates, and linear measures. In some cases

(dates, quan tities, linear measures), en tit y clas-

si�cation is a side e�ect of en tit y extraction,

but in other cases (prop er nouns, whic h ma y

b e p eople, lo cations, or organizations), there is

a separate classi�cation step after extraction.

Query Classi�cation Determine what category of

en tit y the question is asking for. F or example,

if the query is

Who is the author of the b o ok, The

Iron Lady: A Biograph y of Margaret

Thatc her?

the answ er should b e an en tit y of t yp e Person .

En tit y Ranking Assign scores to en tities, repre-

sen ting roughly b elief that the en tit y is the cor-

rect answ er. There are t w o comp onen ts of the

score. The most-signi�can t bit is whether or

not the category of the en tit y (as determined

b y en tit y classi�cation) matc hes the category

that the question is seeking (as determined b y

query classi�cation). A �ner-grained ranking is

imp osed on en tities with the correct category ,

through the use of frequency and other infor-

mation.

The follo wing sections describ e these �v e comp o-

nen ts in detail.

2.1 P assage Retriev al

The �rst step is to �nd passages lik ely to con tain the

answ er to the query . W e use a mo di�ed v ersion of

the SMAR T information retriev al system (Buc kley

and Lewit, 1985; Salton, 1971) to reco v er a set of

do cumen ts whic h are relev an t to the question. W e

de�ne passages as o v erlapping sets consisting of a

sen tence and its t w o immediate neigh b ors. (P as-

sages are in one-one corresp ondence with with sen-

tences, and adjacen t passages ha v e t w o sen tences in

common.) The score for passage i w as calculated as
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j

, the score for sen tence j , is the sum of IDF

w eigh ts of non-stop terms that it shares with the

query , plus an additional b on us for pairs of w ords

(bigrams) that the sen tence and query ha v e in com-

mon.

The top 50 passages are passed on as input to

linguistic pro cessing.

2.2 En tit y Extraction

En tit y extraction is done using the Cass partial pars-

er (Abney , 1996). F rom the Cass output, w e tak e

dates, durations, linear measures, and quan tities.

In addition, w e constructed sp ecialized co de for

extracting prop er names. The prop er-name extrac-

tor essen tially classi�es capitalized w ords as in trinsi-

cally capitalized or not, where the alternativ es to in-

trinsic capitalization are sen tence-initial capitaliza-

tion or capitalization in titles and headings. The

extractor uses v arious heuristics, including whether

the w ords under consideration app ear unam biguous-

ly capitalized elsewhere in the do cumen t.

2.3 En tit y Classi�cation

The follo wing t yp es of en tities w ere extracted as p o-

ten tial answ ers to queries.

P erson, Lo cation, Organization, Other

Prop er names w ere classi�ed in to these cate-

gories using a classi�er built using the metho d

describ ed in (Collins and Singer, 1999).

1

This

is the only place where en tit y classi�cation w as

actually done as a separate step from en tit y

extraction.

Dates F our-digit n um b ers starting with 1... or

20.. w ere tak en to b e y ears. Cass w as used to

extract more complex date expressions (suc h as

Satur day, January 1st, 2000 ).

Quan tities Quan tities include bare n um b ers and

n umeric expressions lik e The Thr e e Sto o ges , 4

1/2 quarts , 27% . The head w ord of complex n u-

meric expressions w as iden ti�ed ( sto o ges , quarts

or p er c ent ); these en tities could then b e later

iden ti�ed as go o d answ ers to How many ques-

tions suc h as How many sto o ges wer e ther e?

Durations, Linear Measures Durations and lin-

ear measures are essen tially sp ecial cases of

quan tities, in whic h the head w ord is a time

unit or a unit of linear measure. Examples of

durations are thr e e ye ars , 6 1/2 hours . Exam-

ples of linear measures are 140 mil lion miles ,

ab out 12 fe et .

W e should note that this list do es not exhaust the

space of useful categories. Monetary amoun ts (e.g.,

1

The classi�er mak es a three w a y distinction b et w een

Person , Location and Organization ; names where the classi-

�er mak es no decision w ere classi�ed as Other Named Entity .



$ 25 mil lion ) w ere added to the system shortly after

the T rec run, but other gaps in co v erage remain. W e

discuss this further in section 3.

2.4 Query Classi�cation

This step in v olv es pro cessing the query to iden tify

the category of answ er the user is seeking. W e parse

the query , then use the follo wing rules to determine

the category of the desired answ er:

� Who, Whom ! Person .

� Wher e, Whenc e, Whither ! Location .

� When ! Date .

� How few, gr e at, little, many, much !

Quantity . W e also extract the head w ord of

the How expression (e.g., sto o ges in how many

sto o ges ) for later comparison to the head w ord

of candidate answ ers.

� How long ! Duration or Linear Measure .

How tal l, wide, high, big, far ! Linear

Measure .

� The wh-w ords Which or What t ypically app ear

with a head noun that describ es the category

of en tit y in v olv ed. These questions fall in to t w o

formats: What X where X is the noun in v olv ed,

and What is the ... X . Here are a couple of

examples:

What compan y is the largest Japanese

ship builder?

What is the largest cit y in German y?

F or these queries the head noun (e.g., c omp a-

ny or city ) is extracted, and a lexicon map-

ping nouns to categories is used to iden tify the

category of the query . The lexicon w as partly

hand-built (including some common cases suc h

as numb er ! Quantity or ye ar ! Date ). A

large list of nouns indicating Person , Location

or Organization categories w as automatical-

ly tak en from the con textual (app ositiv e) cues

learned in the named en tit y classi�er describ ed

in (Collins and Singer, 1999).

� In queries con taining no wh-w ord (e.g., Name

the lar gest city in Germany ), the �rst noun

phrase that is an immediate constituen t of the

matrix sen tence is extracted, and its head is

used to determine query category , as for What

X questions.

� Otherwise, the category is the wildcard Any .

2.5 En tit y Ranking

En tit y scores ha v e t w o comp onen ts. The �rst, most-

signi�can t, comp onen t is whether or not the en tit y's

category matc hes the query's category . (If the query

category is Any , all en tities matc h it.)

In most cases, the matc hing is b o olean: either an

en tit y has the correct category or not. Ho w ev er,

there are a couple of sp ecial cases where �ner distinc-

tions are made. If a question is of the Date t yp e, and

the query con tains one of the w ords day or month ,

then \full" dates are rank ed ab o v e y ears. Con v erse-

ly , if the query con tains the w ord ye ar , then y ears are

rank ed ab o v e full dates. In How many X questions

(where X is a noun), quan ti�ed phrases whose head

noun is also X are rank ed ab o v e bare n um b ers or

other quan ti�ed phrases: for example, in the query

How many lives wer e lost in the L o ckerbie air cr ash ,

en tities suc h as 270 lives or almost 300 lives w ould

b e rank ed ab o v e en tities suc h as 200 pumpkins or

150 .

2

The second comp onen t of the en tit y score is based

on the frequency and p osition of o ccurrences of a

giv en en tit y within the retriev ed passages. Eac h o c-

currence of an en tit y in a top-rank ed passage coun ts

10 p oin ts, and eac h o ccurrence of an en tit y in an y

other passage coun ts 1 p oin t. (\T op-rank ed pas-

sage" means the passage or passages that receiv ed

the maximal score from the passage retriev al comp o-

nen t.) This score comp onen t is used as a secondary

sort k ey , to imp ose a ranking on en tities that are not

distinguished b y the �rst score comp onen t.

In coun ting o ccurrences of en tities, it is necessary

to decide whether or not t w o o ccurrences are to-

k ens of the same en tit y or di�eren t en tities. T o this

end, w e do some normalization of en tities. Dates

are mapp ed to the format y ear-mon th-da y: that is,

last T uesday, Novemb er 9, 1999 and 11/9/99 are

b oth mapp ed to the normal form 1999 Nov 9 b efore

frequencies are coun ted. P erson names are aliased

based on the �nal w ord they con tain. F or example,

Jackson and Michael Jackson are b oth mapp ed to

the normal form Jackson .

3

3 Ev aluation

3.1 Results on the TREC-8 Ev aluation

The system w as ev aluated in the TREC-8 question-

answ ering trac k. TREC pro vided 198 questions as a

blind test set: systems w ere required to pro vide �v e

p oten tial answ ers for eac h question, rank ed in or-

der of plausibilit y . The output from eac h system

w as then scored b y hand b y ev aluators at NIST,

eac h answ er b eing mark ed as either correct or in-

correct. The system's score on a particular question

is a function of whether it got a correct answ er in the

�v e rank ed answ ers, with higher scores for the an-

sw er app earing higher in the ranking. The system

receiv es a score of 1, 1/2, 1/3, 1/4, 1/5, or 0, re-

2

P erhaps less desirably , p e ople w ould not b e recognized

as a synon ym of lives in this example: 200 p e ople w ould b e

indistinguishable from 200 pumpkins .

3

This do es in tro duce o ccasional errors, when t w o p eople

with the same last name app ear in retriev ed passages.



System Mean Answ er Mean

Ans Len in T op 5 Score

En tit y 10.5 B 46% 0.356

P assage 50 50 B 38.9% 0.261

P assage 250 250 B 68% 0.545

Figure 1: Results on the TREC-8 Ev aluation

sp ectiv ely , according as the correct answ er is rank ed

1st, 2nd, 3rd, 4th, 5th, or lo w er in the system out-

put. The �nal score for a system is calculated as its

mean score on the 198 questions.

The TREC ev aluation considered t w o question-

answ ering scenarios: one where answ ers w ere lim-

ited to b e less than 250 b ytes in length, the other

where the limit w as 50 b ytes. The output from the

passage retriev al comp onen t (section 2.1), with some

trimming of passages to ensure they w ere less than

250 b ytes, w as submitted to the 250 b yte scenario.

The output of the full en tit y-based system w as sub-

mitted to the 50 b yte trac k. F or comparison, w e also

submitted the output of a 50-b yte system based on

IR tec hniques alone. In this system single-sen tence

passages w ere retriev ed as p oten tial answ ers, their

score b eing calculated using con v en tional IR meth-

o ds. Some trimming of sen tences so that they w ere

less than 50 b ytes in length w as p erformed.

Figure 1 sho ws results on the TREC-8 ev aluation.

The 250-b yte passage-based system found a correct

answ er somewhere in the top �v e answ ers on 68% of

the questions, with a �nal score of 0.545. The 50-

b yte passage-based system found a correct answ er

on 38.9% of all questions, with an a v erage score of

0.261. The reduction in accuracy when mo ving from

the 250-b yte limit to the 50-b yte limit is exp ected,

b ecause m uc h higher precision is required; the 50-

b yte limit allo ws m uc h less extraneous material to

b e included with the answ er. The b ene�t of the

including less extraneous material is that the user

can in terpret the output with m uc h less e�ort.

Our en tit y-based system found a correct answ er in

the top �v e answ ers on 46% of the questions, with

a �nal score of 0.356. The p erformance is not as

go o d as that of the 250-b yte passage-based system.

But when less extraneous material is p ermitted, the

en tit y-based system outp erforms the passage-based

approac h. The accuracy of the en tit y-based sys-

tem is signi�can tly b etter than that of the 50-b yte

passage-based system, and it returns virtually no ex-

traneous material, as re
ected in the a v erage answ er

length of only 10.5 b ytes. The implication is that

NLP tec hniques b ecome increasingly useful when

short answ ers are required.

3.2 Error Analysis of the En tit y-Based

System

3.2.1 Ranking of Answ ers

As a �rst p oin t, w e lo ok ed at the p erformance of the

en tit y-based system, considering the queries where

the correct answ er w as found somewhere in the top

5 answ ers (46% of the 198 questions). W e found that

on these questions, the p ercen tage of answ ers rank ed

1, 2, 3, 4, and 5 w as 66%, 14%, 11%, 4%, and 4%

resp ectiv ely . This distribution is b y no means uni-

form; it is clear that when the answ er is somewhere

in the top �v e, it is v ery lik ely to b e rank ed 1st or

2nd. The system's p erformance is quite bimo dal:

it either completely fails to get the answ er, or else

reco v ers it with a high ranking.

3.2.2 Accuracy on Di�eren t Categories

Figure 2 sho ws the distribution of question t yp es

in the TREC-8 test set (\P ercen tage of Q's"), and

the p erformance of the en tit y-based system b y ques-

tion t yp e (\System Accuracy"). W e categorized the

questions b y hand, using the eigh t categories de-

scrib ed in section 2.3, plus t w o categories that es-

sen tially represen t t yp es that w ere not handled b y

the system at the time of the TREC comp etition:

Monetary Amount and Miscellaneous .

\System Accuracy" means the p ercen tage of ques-

tions for whic h the correct answ er w as in the top �v e

returned b y the system. There is a sharp division in

the p erformance on di�eren t question t yp es. The

categories Person , Location , Date and Quantity

are handled fairly w ell, with the correct answ er ap-

p earing in the top �v e 60% of the time. These four

categories mak e up 67% of all questions. In con trast,

the other question t yp es, accoun ting for 33% of the

questions, are handled with only 15% accuracy .

Unsurprisingly , the Miscellaneous and Other

Named Entity categories are problematic; unfortu-

nately , they are also rather frequen t. Figure 3 sho ws

some examples of these queries. They include a large

tail of questions seeking other en tit y t yp es (moun-

tain ranges, gro wth rates, �lms, etc.) and questions

whose answ er is not ev en an en tit y (e.g., \Wh y did

Da vid Koresh ask the FBI for a w ord pro cessor?")

F or reference, �gure 4 giv es an impression of the

sorts of questions that the system do es w ell on (cor-

rect answ er in top �v e).

3.2.3 Errors b y Comp onen t

Finally , w e p erformed an analysis to gauge whic h

comp onen ts represen t p erformance b ottlenec ks in

the curren t system. W e examined system logs for

a 50-question sample, and made a judgmen t of what

caused the error, when there w as an error. Figure 5

giv es the breakdo wn. Eac h question w as assigned to

exactly one line of the table.

The largest b o dy of errors, accoun ting for 18% of

the questions, are those that are due to unhandled



Question Rank Output from System

Who is the author of the b o ok, The Iron Lady: A Biograph y of

Margaret Thatc her?

2 Hugo Y oung

What is the name of the managing director of Apricot Computer? 1 Dr P eter Horne

What coun try is the biggest pro ducer of tungsten? 1 China

Who w as the �rst T aiw anese Presiden t? 1 T aiw anese Presiden t Li

T eng h ui

When did Nixon visit China? 1 1972

Ho w man y calories are there in a Big Mac? 4 562 calories

What is the acron ym for the rating system for air conditioner e�-

ciency?

1 EER

Figure 4: A few TREC questions answ ered correctly b y the system.

T yp e P ercen t System

of Q's Accuracy

P erson 28 62.5

Lo cation 18.5 67.6

Date 11 45.5

Quan tit y 9.5 52.7

TOT AL 67 60

Other Named En t 14.5 31

Miscellaneous 8.5 5.9

Linear Measure 3.5 0

Monetary Am t 3 0

Organization 2 0

Duration 1.5 0

TOT AL 33 15

Figure 2: P erformance of the en tit y-based system on

di�eren t question t yp es. \System Accuracy" means

p ercen t of questions for whic h the correct answ er

w as in the top �v e returned b y the system. \Go o d"

t yp es are in the upp er blo c k, \Bad" t yp es are in the

lo w er blo c k.

What do es the P eugeot compan y man ufacture?

Wh y did Da vid Koresh ask the FBI for a w ord

pro cessor?

What are the V aldez Principles?

What w as the target rate for M3 gro wth in 1992?

What do es El Nino mean in spanish?

Figure 3: Examples of \Other Named En tit y" and

\Miscellaneous" questions.

t yp es, of whic h half are monetary amoun ts. (Ques-

tions with non-en tit y answ ers accoun t for another

4%.) Another large blo c k (16%) is due to the pas-

sage retriev al comp onen t: the correct answ er w as

not presen t in the retriev ed passages. The linguistic

comp onen ts together accoun t for the remaining 14%

of error, spread ev enly among them.

The cases in whic h the correct answ er is in the top

Errors

P assage retriev al failed 16%

Answ er is not an en tit y 4%

Answ er of unhandled t yp e: money 10%

Answ er of unhandled t yp e: misc 8%

En tit y extraction failed 2%

En tit y classi�cation failed 4%

Query classi�cation failed 4%

En tit y ranking failed 4%

Successes

Answ er at Rank 2-5 16%

Answ er at Rank 1 32%

TOT AL 100%

Figure 5: Breakdo wn of questions b y error t yp e, in

particular, b y comp onen t resp onsible. Num b ers are

p ercen t of questions in a 50-question sample.

�v e, but not at rank one, are almost all due to fail-

ures of en tit y ranking.

4

V arious factors con tributing

to misrankings are the hea vy w eigh ting assigned to

answ ers in the top-rank ed passage, the failure to ad-

just frequencies b y \complexit y" (e.g., it is signi�-

can t if 22.5 mil lion o ccurs sev eral times, but not if 3

o ccurs sev eral times), and the failure of the system

to consider the linguistic con text in whic h en tities

app ear.

4 Conclusions and F uture W ork

W e ha v e describ ed a system that handles arbi-

trary questions, pro ducing a candidate list of an-

sw ers rank ed b y their plausibilit y . Ev aluation on

the TREC question-answ ering trac k sho w ed that the

correct answ er to queries app eared in the top �v e an-

sw ers 46% of the time, with a mean score of 0.356.

The a v erage length of answ ers pro duced b y the sys-

tem w as 10.5 b ytes.

4

The sole exception w as a query misclassi�cation caused

b y a parse failure|miraculously , the correct answ er made it

to rank �v e despite b eing of the \wrong" t yp e.



There are sev eral p ossible areas for future w ork.

There ma y b e p oten tial for impro v ed p erformance

through more sophisticated use of NLP tec hniques.

In particular, the syn tactic con text in whic h a par-

ticular en tit y app ears ma y pro vide imp ortan t infor-

mation, but it is not curren tly used b y the system.

Another area of future w ork is to extend the

en tit y-extraction comp onen t of the system to han-

dle arbitrary t yp es (moun tain ranges, �lms etc.).

The error analysis in section 3.2.2 sho w ed that these

question t yp es cause particular di�culties for the

system.

The system is largely hand-built. It is lik ely that

as more features are added a trainable statistical or

mac hine learning approac h to the problem will b e-

come increasingly desirable. This en tails dev eloping

a training set of question-answ er pairs, raising the

question of ho w a relativ ely large corpus of questions

can b e gathered and annotated.
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