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1 Intro duction

Current information retrieval systemsand seart engineshelp usersto nd documerts that are
relevant to their needs,but leave it to the userto extract the usefulinformation in thosedocumerts.
In particular, usersoften have questionsfor which they would like answers, not documerts. Question
answering systemsaim to allow usersto ask questionssuc as\Whic h terrorist organizations have
issuedthreats on U.S. embassiesthis year?" and to receive succinct answers. Many initial end-to-
end systemshave beenbuilt and have beenevaluated as part of the TREC Question Answering
Track (Vorhees1999,2000,2001). The best of these systemsare able to answer factual questions,
similar in style to trivia questions,70% of the time, while searting a million newswiretexts.

The ARDA AdvancedQuestion Answering for Intelligence Analysts Program (AQUAINT) aims
to push this state of the art into new realms of question types, documert types, media types, etc.
One aspect of an advancedquestionanswering systemwould be that it would accunulate questions,
answers, and other auxilary information derived in the process. This information could then be
\reused” to enable the system to better answer future questions. In this way, a system could
duplicate a human's ability to gain knowledgein an areaas sheor he answers questions.

The researt presentied here was inspired by this vision of a systemimproving with respect to
a topic as it processegjuestions. Howewer, it was not immediately clear how to implement this
vision in a generalway. The next step is to analyze instancesof \reuse":

What typesof \reuse" existed?
How often do the di erent typesappear?
How could a system capitalize on di erent reuseopportunities?

This paper describes a corpus of questions, the Reuse Corpus, that the authors collected. (The
ReuseCorpus is freely available from the authors.) Using this corpus, we found twelve categories
of reuse. In addition, we explored (without actual implementations) di erent ways systemscould
operationalize reuse.



Before going any further, let us look at an example. Consider a scenariowhere a number of
usersare asking questionsabout anthrax, a topic that was previously unexplored by the userbase
and the QA system'sdewelopers. A sequenceof questionsand documert excerpts might be:

Q1 What are somemedicines that treat anthrax?
D1 The FDA has approved Cipro (cipro oxacin), tetracyclines including
doxycycline, and penicillins to treat anthrax. (from www.mallineplus.com)

Q2 What are some of the side e e cts of anthrax medicines?

D2 The Physiciaris Desk Reference reports that of 2,799 patients who took
Cipro during clinical investigations, 16.5 percent had adversereactions that
were possibly or prokably relatad to the drug. The most frequently reported
reactions; nause, diarrhea, vomiting, akdominal discomfort, headache,rest-
lessnessrashes. (from www.mellineplus.com)

Q3 Who manufactures anthrax medicine?
D3 Cipro is producd in the U.S. by the German pharmaceutical company
Bayer AG. (constructed)

This sequencemight be from a single user or from di erent users. The important feature of these
guestion-passageairs is that Q2 and Q3 should be easierto answer if the systemcan make use of
the answer to the previous questions. For example, knowing that Cipro is a medicine and that it
is usedto treat anthrax should help the system nd information about the side e ects of anthrax
medicines. Note that D2 and D3 do not mention anthrax. A similar sequenceof questions and
documerts is below.

Q4 What is anthrax?

D4 Anthrax is an infectious disease causeal by the spore-forming bacteria
called Bacillus anthracis. Infection in humans most often involves the skin
(cutaneous anthrax), ... (from www.mallineplus.com)

Q5 Where can anthrax be obtained?
D5 Los Alamos National labs has stored samplesof B. anthracis spores.
(constructed)

Q6 Which countries have anthrax cultures?

D6 In this NOVA episale, they mentioned the American Type Culture Col-
lection (ATCC), which had made the emlarrassing mistake of seling B.
anthracis culturesto Irag. (slightly modi e d email message)

Again answers to the initial questions provide crucial information for answering later questions.
Here the crucial information is that anthrax, anthrax culture, and Bacillus anthracis are closeto
equivalert.!

It is useful at this point to contrast reusewith two topics that have recerily received attention
in the question answering community: discourseprocessingand redundant questions.

Discourseprocessingwas explored in the TREC-10 QA context subtrack. Someprimary con-
cerns of discourse processinginclude tracking the focus of a discourse, resolving anaphora and
coreferencein general, and ellipses. Sud information is useful for reuse but does not subsume

'We are indebted to Alexander Morgan for examples Q1 through Q6.



it. For example, cipro and penicillin are not coreferettial with anthrax medicines in the examples
above. Howewer, the TREC-10 QA context subtrack data did cortain a number of examples of
reusecorresponding annotations are included in the annotation le for the ReuseCorpus.

Redundart questionswere expored in TREC-9, a number of questionswere reformulated and
included in the test set. Certainly animportant form of reuseis to recognizethat the samequestion,
in di erent words, has beenasked and answered before. However there are many other forms of
reuseas will be made clear in section 3.

The goalsof the researd described in this paper were to:

introduce and demarcatethe topic of reusein question answering,
dewelop a set of categoriesof reuse,
nd examplesof these categoriesof reuse,

make recommendationswith respect to future work on reuse.

(Note that the developmert of the categoriesand the seard for examplesof reusewere interleaved
processes.)

The rest of the paper is structured as follows. The next section will describe how the Reuse
Corpus wascollected. Then the 12 reusecategoriesare described. Next strategiesfor implemerting
reuse are discussedalong with methods for evaluating system performance. We then summarize
and preser ideasfor future work. An appendix is alsoincluded with speci ¢ recommendationsfor
how to proceedwith a 6-8 weekworkshop on the topic of reuse.

2 Constructing the Reuse Corpus

The ReuseCorpus consistsof two types of question sets, where a question set cortains questions
about a singletopic. Onetype s single usersetswhere a single userasked and ultimately answered
a sequenceof questions while performing a particular information gathering task. One example
is nding information on calcium neededin a woman's diet. Note that such question sets are
really question answer sequencesThe secondtype of question set cortains questionsfrom multiple
users. Such question sets where collected by doing keyword seardes on web seart engine logs.
Continuing the example above, a seard for calcium was performed on questionscollected from a
web seard enginelog.

The collection of data for the ReuseCorpus occurred at three di erent sites. IBM and Syracuse
University collected single user question setswhile MITRE collected multiple userssets.

At IBM twenty-one topics were chosento represent current newsworthy events. The question
sequencesvere generatedby an independent personand one of the co-authors. The directions for
generating these questionswere to write questionswhoseanswers might enablewriting a researt
report on the topic. The 147 questions were generatedin this manner and then answers were
searted for on the internet using a common seart engine. Table 2 lists the categoriesand the
number of questionsin ead category

At the SyracuseUniversity Center for Natural Language Processingreseard), the sta (the
subjects) assistedin generating question sequences.The goal was for eat of the 10 subjects to
generatea sequenceof 10 questions and answers on an information gathering task of interest to
them.

The subjects were primarily graduate students at Syracuse University, two from Computer
Scienceand v e from Information Studies. The remaining three subjects were full-time researt
sta.



Table 1: Topicsand the number of questionsin ead topic for the IBM segmem of the reusecorpus.

Topic Question Count
Challenger SpaceCraft

Choosing betweena macintosh and a pc
Columbine High Sdcool shooting

Dave Koresh and Waco

Death Penalty

Ebay businessmodel

End of Apartheid in 1993

Global warming

Human cloning

Martha Stewart Corporation

NAFT A

Path nder lands on Mars

Terrorism in the 21st Century

The Brady Bill

The collapse of the Soviet Union

The fall of Enron

The Israeli-Palestinian con ict

Timoth y McVeigh

Who are the Taliban

World Trade Center - Structural integrity
World Wide Web

Total

PO 0O|N| O O|N| OO || O | 00O o U1 00

The problem was stated to the subjects in terms of researting a topic of interest or in ac-
complishing sometask. In the absenceof a question answering system, ead personenulated sud
a system by using a seard engine, or other web searding techniques such as following links, to
rst nd documerts that cortained the answer to the question and then to nd the answer in a
documert. The URL was recorded for eatch answer documert, and ead answer where feasible.
The subjects were also instructed not to generatethe question sequencein advance, but to gen-
erate questionsthat arosein their minds either from their own knowledge or from reading answer
documerts from earlier questions. The subjects worked in a group in a large sharedo ce sothat
guestionsand issuescould easily be settled amongthe group.

The resulting questions were usually just one sertence without complex structure, but that
could have beenin uenced by the fact that they were using a seart engine. Many questionshad
simple factual answers, but others asked about more complexissues.And somequestion sequences
consistedalmost ertirely of questionsthat weretoo generalfor the short answer format, e.g., How
do | build a manipulable arm for a rolot?. The more general sequencesvere eliminated to obtain
74 total questionson 8 single user topics. The topics were: heel pain, calcium, ice cream, poetry,
Saslatoon (Sashkatchewan, Canada), special education, and Washington, D.C.

The multiple userssetswere collected at MITRE. The topics included all of Syracuse'ssingle
user topics and a number of additional topics: Tiger Woods, digital cameras, Tupac Shakur, the
Oscars,the Stanley Cup, the 2000Summer Olympics. We looked at theseadditional topics because
we wanted more focus on peopleand ewvents. The digital cameratopic was picked becauseit was
of interest to one of the authors.

The questions came from a popular web keyword seardr engine during the sum-
mer of 2000. Over many weeks, queries to the seardr engine were logged. A



regular expression like the one belov was used to nd questions in the log:
(who|whom|what|when|where|why|ho wlwhich | “is| " name[ show|" find me|)

Over a million questions were extracted. This question corpus was then seardied using rel-
evant keywords for the topics. In most instances the topic names themseles were su cien t
keywords. There were over 2000 questionsfor the 15 topics. Peregrine Falcons had the least with
8 questions and poetry had the most with 631. The averagewas 154. The ReuseCorpus only
contains a small fraction of these question due to copyright restrictions. The questionsthat are
included are rephrasingsof the originals.

The questions from these 3 sourceswere then placed in a standard format and combined to
form the ReuseCorpus. For ead question, the question, the topic, and if available, an answer and
the URL's of relevant web pagesare speci ed in the standard format. Each question was given a
unique identi er and this identi er is given in the examplesbelow pre xed by I:.

3 Reuse Categories

Toreview: areuseopportunit y occurswhenthe fact that a questionanswering systemhasprocessed
onequestion can allow the systemto provide improved subsequeh performance. This possibility is

dependert on the relationship betweenthe original and the subsequeh questionsasked of the sys-

tem. We have attempted to provide a classi cation of the possiblerelationships between questions
that provide reuseopportunities.

We rst break theserelationships down into three broad clusters. The rst cluster consistsof
thosereuseopportunities that only require the systemto track the questionsit is asked. The second
cluster involvesthose questionsin which the reuseopportunity is apparert merely from looking at
the answers to the questions. A third cluster consists of those reuse categorieswhere both the
guestionsand answers must be examinedin order to determine that a possibility for reuseexists.
Each of thesethree clustersis then further broken down into categories.

3.1 Data Annotation Strategy

Instances of reuse categorieswere annotated for the ReuseCorpus. We both analyzed a portion
of the corpus one question at a time, looking for instancesof any sort of reuse opportunity and
we scannedthe questionswith a particular category of reusein mind. Although we found a good
number of instancesof the di erent categories,we are far from a complete analysis of the corpus.

We annotated the reuse\tok ens" using the following format.

c: <userid >: <reuseTypelLabel >: <questi onNunbe,.. .>:commnt

Each line in the le lists one instance of potential reuse, and the questions that are in-
volved in that particular reuse instance. A single question and answer pair can partic-
ipate in multiple reuse types. There are currently eleven type labels: sameQuestion,
subSuperQuestions, embeddedQuestions, questionFacts, questionClarifications,
sameDocuments,inductiveAnswers, answerLimits, sameFacts, topicCharacterizations ,
and evidences . They are described in detail belov. After the last question number, there is an
optional commert eld on which we imposedno structure.



3.2 Question-orien ted Cluster
3.2.1 sameQuestions

The simplest reuse category sameQuestions,occurs when multiple usersof a question answering
systemaskthe samequestion. The questionmay be askedin anidentical form, or in a reformulation
which can potentially be recognizedby the system as having the same semartic cortent. One
example from our annotated corpusis the pair of questionsbelow:

TOPIC:235: 2000SummerOlympicsMU

Q: What countries have quali ed in saccer for the 2000 Olympics?
1:235

Q: What countries will compete in saccer at the Olympics in 20007?
1:237

Another exampleis the pair of questions

Q: What is the moral status of human cloning?

I: 84

Q: What are the ethical issuesfor human cloning?
I: 87

What we refer to as the sameQuestions reuse category is essetially the same as question
reformulation in TREC-9.

3.2.2 subSuperQuestions

The next simplest opportunity for reuseoccurs when the information requestedby one question is
a subsetof the information asked for in another. If the question asking for the smaller quartity of
information is encountered rst, the systemalready hasa partial answer for the question asking for
more information. If the question asking for the larger quartity of information is asked rst, and
this reuseopportunity is recognizedby the system, the performancebenet is even greater, since
the only action required to answer the secondquestionis to selectfrom the information provided as
the answer to the rst questionthose componerts that comprisean answer to the secondquestion.
An example of this reusecategory is given by

Q: How to wrap an achilles tendon to relieve pain?
I: 328

and

Q: How do | treat a sore achilles tendon?
I: 327

A correct answer to the rst questionis a componert of an answer to the secondquestion, but does
not provide a complete answer, sincethere may be other ways to treat a soreadilles tendon other
than wrapping.

A secondexampleis given by

Q: Who are the Taliban ?
I: 98




and

Q: What is the Talibaris religious backgiound ?
I: 100

since a description of the Taliban's religious badkground provides a partial, but not a complete,
description of who the Taliban is.

3.2.3 embeddedQuestions

As was discussedin the section 1, questionslike

Q1 What are somemedicines that treat anthrax?
Q2 What are some of the side e e cts of anthrax medicines?
Q3 Who manufactures anthrax medicine?

contain an opportunity for reuse: knowing that cipro and penicillin are anthrax medicinesallows
a systemto more e ectively nd answersto questionsabout the side e ects and manufactures of
these medicines.

We have named this kind of reuse embeddedQuestionsbecauseanswers to earlier questions
turn out to be crucial to answering later questions. If question Q2 were to be asked in isolation,
a human question answerer is likely to rst try to gure out what medicinestreat anthrax, i.e.,
question Q1.

Let us consideranother example. In question1:12, knowing how much calcium is recommended
could play arole in nding out how much Vitamin D is needed,asin the following questions:

Q: How much calcium should an adult woman getin her diet?
I 11

and

Q: How much Vitamin D do you need in order to absorbthe recommendel
calcium?
I: 12

Similarly, in question I:18, it is useful to know what the dietary sourcesof calcium are before one
tried to nd out how they t into an overall diet.

Q: What are good dietary sources of calcium?
l: 15

Q: How do the calcium sources t into the overall diet?
I: 18

The relation between questions often involves a pair of noun phrases. For example, anthrax
medicines, recommenda@ calcium amount, and calcium sources are normalized forms of a noun
phrasein their respective questionpairs. The relation doesnot seemto simply be oneof coreference.
In cortrast, strict identity coreferences exempli ed by TREC-10 context questions:




Q:What type of vesselwasthe modern Varyag?
I: CTX7a

Q: In what facility wasit constructed?

I: CTX7b

Q:In what country is this facility located?

I: CTX7c

Q:How many aircraft wasit designel to carry?
I: CTX7e

3.2.4 questionFacts

Often the questionsthemselvescontain information that canbe usefulfor answering later questions.
For example, the manufacture of Tiger Woods' ball can be extracted from 1:2014 and this might
be useful for answering 1:2019.

Q: What's the name of the Nike golf ball Tiger Woods uses?
l: 2014

and

Q: What golf ball did tiger woods usein the us open?
l: 2019

Sudh information may also be lessdirect. For example, the quotes in the rst question below
indicate that Gone with the Wind is a title. This information might be useful when trying to nd
answersto the secondquestion.

| Q: How many awards did \Gone with the Wind" win? \

| Q: Who starred in gonewith the wind? \

3.2.5 questionClarifications

Question answering systemsoften have trouble answering vague and unclear questions. This dif-
cult y is exacerbatedby always attempting to answer questionsin isolation, rather than making
use of reuseopportunities by examining related questions. The corntent of theserelated questions,
ewven if they are asked by di erent usersof the question answering system, can provide useful data
that clari es for the system the intended meaning of the vague or unclear question. We refer to
this category of reuseas questionClarifications

Consider the question pair below.

Q: Which machine is more user friendly, a macintosh or a pc?
l: 77

and

Q: What machine comeswith a better packageof software, a macintosh or

a pc?
I: 78




The question answering systemmay nd the rst of these questionsdicult, asit may not un-
derstand what is meart by a user friendly madcine. But if the system was also exposedto the
secondquestion, it can infer that the user asking for a user friendly machine may be asking about
the quality of the software that comeswith the macine, sincethis is a matter of concernto other
users.

To take another example, considerthe question

Q: Who posesthe biggestthreat to the United States?
I: 80

There are many categoriesof possiblethreats, and the question answering system may not under-
stand what sort of threat is being discussed.In addition, the use of the word who may mislead a
naive systeminto restricting its seard to individual people,rather than courtries and organizations,
that posea threat to the United States.

Howewer a systemthat was able to recognizeand utilize the questionClarifications reuse
category and had already encountered the question

Q: What countries are developingweapons of massdestruction ?
I: 81

could infer from this that weapons of massdestruction were an important category of threat to
consider,and that courtries aswell as individuals should be consideredas possibleanswers, when
answering the previous question.

3.3 Answ er-orien ted clusters
3.3.1 sameDocuments

The gquestionsin this type of reuseare related becausethey could be answered by one documernt.
These questionsoccur in both the question sequencesand in the multi-user questionswhere ques-
tions in one topic area could be answered by a documert discussingvarious aspects of this topic.
This type of reusehas an obvious operational realization where a question answering systemcould
save a core pool of documerts (or knowledge base of information obtained by processingthose
documerts) on particular topics so that answering future questionson that topic may be much
more e cien t.

In the Reuse Corpus, the occurrence of using the same documerts to answer two or more
guestionswas so ubiquitous that we only annotated a few of theseinstancesof reuse.

In the question sequenceopic of heel pain, there are three questionsspeci cally about adilles
tendonitis.

Q: What is achilles tendonitis?
I 3
A: In ammation of the Achilles tendon.

Q: What are the causesof achilles tendonitis?

I: 4

A: Excessiverunning or jumping especially without proper stretching and
strengthening are the most common causesof achilles tendonitis. Uphill
running in particular can causethis condition.




Q: How can achilles tendonitis be treated?
I 5
A: (Answer is too long to be given here.)

It is quite common for a web documert on medical conditions to de ne the condition, give the
causesand symptons, and give recommendedtreatments.

A seriesof questions about a particular event often provide sameDocumentexamples. For
example, it is commonto nd a newsarticle that summarizesmany facts about the ewent that
can be the answers of many of the questions. Below are three of the four questionsfrom the topic
Columbine High School shooting.

Q: Where is Columbine High Schml ?
I: 136
A: Littleton, CO

Q: When and what happeneal at Columbine ?

l: 137

A: Two studentswalked into the schml at 11:15a.m. and r ed shotsfrom
a multi-gun arsenal and lobled homemadebombsthroughoutthe schal

Q: How many people died ?
I: 139
A: Twelve studentsand a teacher

The following excerpt from a newsstory from www.thedailycamera.comanswers these questions.

"On April 20, 1999, two students walked non-chalantly into Columbine High Scdool
at 11:15a.m. and red shots from a multi-gun arsenaland lobbed homemadebombs
throughout the sdool. At the end of the rampage, 12 students, one teacher and the
gunmen were dead. The following articles, photos, audio clips and polls recourt the
events of that day aswell asthe recovery of the wounded and the remenbrance of the
victims. Below, are articles from the rst v e days after the shooting. At right, key
stories are divided into certain issuessurrounding the tragedy.”

3.3.2 inductiveAnswers

In this type of reuse,the knowledge of previous questionsand answers allows the answer to new

qguestion to be induced. In some cases,parts of the answer can be induced and in others it my

just be noted that the answer is similar to previous ones. In either case,the induced answer is to

considereda hypothesisthat must be chedked. Operationally, this may enablethe systemto nd

answers faster or to nd better answersthan a more direct answer lookup would nd.
Consider the questionsbelow.

Q: What irons dees tiger waods use?
l: 2011
A: Titleist

Q: what loft one waood dees tiger woods use?
l: 2012
A: Titleist




Q: what putter does Tiger Woods use?
I: 2013
A: Titleist

If a systemhasfound the answer to any one of the questionsto be the manufacturer Titleist, then
it could guessthat the manufacturer of the other typesof golf clubs is the same. Howeer, it would
needto allow for the possibility that he doesusegolf clubs from more than one manufacturer.

3.3.3 answerLimits

Another category of reuseoccurs when the answer to one question provides information that limits
the possibleanswersto a secondquestion. This can aid the systemin searding for an answer to
the secondquestion, sincethe limitation may provide a corresponding limitation on the placesin
the corpus where it is necessaryto seard in order to answer the secondquestion. An example is
given below.

Q: What is the weather like in Saskaton, esgcially in the winter?

1:53

A: Genenrally not too much precipitation, and it can get very cold in the
winter.

Q: What is there to do outdoors in Saskaton?
I: 54

The answer to the rst question would provide the useful information that possible answers to
the secondquestion might well include snow skiing, but would be very unlikely to include water
skiing. This example is also notable in that it shawvs that the more common-sensereal-world
knowledgeis possessedby a question answering system, the more opportunities for reuseit will be
able to recognizeand make useof. Only a systemthat had someunderstanding of the appropriate
temperaturesfor various real-world activities would be capableof recognizingthis reuseopportunit y.
This category has someoverlap with the subSuperQuestions reusecategory described above.
Any time one question asksfor a collection of data items, and a second, more speci c, question
asksfor a single one of these data items, or a collection that is a subsetof the rst, the answer to
the rst question will provide a limit to the possibleanswersto the secondquestion. Soin some
sense,any example of the subSuperQuestions category can also be consideredto be an example
of the answerLimits category To reducethe amount of multiple categorization, we consider a
reuseexampleto fall in the answerLimits category only if it is not apparert simply by examining
the questionsthat the answer to the rst question puts limitations on the possibleanswersto the
second. SinceanswerLimits is in the answer-oriented cluster of reusecategories,we only classify
a reuse opportunity as answerLimits if it only becomesapparert from the answer to the rst
guestion that this answer puts limits on the possiblecorrect answersto the secondquestion.

3.4 Question and Answ er combination clusters

The following typesof reuserequire cacing both questionsand answersto previous guestions.

3.4.1 sameFacts

This type of reuse occurs when the samefact is neededto answer two di erent questions, even
though it is not apparert that the questionsare not asking for the sameinformation until at least



one of them has beenanswered. An example of this phenomenonis shawvn in the following pair of
guestions:

Q: What medicines cure anthrax?
A: Cipro, and other antibiotics

Q: What does Cipro cure?
A: anthrax

Simply examining the questionsprovides no evidenceof any connection or reuseopportunity. But
the single fact "Cipro curesanthrax” provides an answer to both questions,so a systemthat has
answered one of thesetwo questions, and recordedthis fact, can answer the secondquestion with
no further processing.

3.4.2 topicCharacterizations

When a group of questionsare on the sametopic (determination of which is itself a researt topic),

there may be seweral lexical items that help to identify the topic. Theseitems may additionally dis-
ambiguate the other questionwords. In the following example,the word tennis which characterizes
the rst question can assistin disambiguating which King is being mertioned in the subsequeh
question.

Q: Who did Billy Jean King beat in hattle of the sexes?

A: When tennis champion Billie Jean King acceptad the half-humorous
challengeBobbyRiggsthrew downin 1973, most women (and a lot of men)
watcheal the televisal "Battle of the Sexes"with rapt attention.

| Q: How many titles did King win? |

3.4.3 evidences

The idea of this category of reuseis that somecomplex questionsbenet from related questions
that provide evidencefor or against particular answersto the question. For example, to answer
1:2058 below

Q: Is tupac still alive?
I: 2058

it would be usefulto know the answer to all the following questions.



Q: how tupac really died

I: 2041

Q: where cani nd a picture of tupacs death

l: 2081

Q: what happenead between tupac and sugeknight
I: 2063

Q: When did tupac die?

I: 2070

Q: wher cani nd the news@per entitled is tupac alive
l: 2110

Q: who killed tupac shackur

I: 2143

If the systemcould provide pictures of Tupac's death or namethe killer or know a time, this would
help answer negatively to question 1:2058. In addition, such questionsand answers would support
the answer not just help nd it. The relation betweenthesequestionsis heavily dependen on world
knowledge and thus operationalizing this form of reusewould initially require a restricted domain
such as everts of unnatural death. It is this event-speci ¢ knowledgethat setsapart examplesof
the evidencesreusecategory from subSuperQuestions and embeddedQuestionscategories.

3.5 Answ er Revisions

When a particular type of reuseis detectedand applied to a pair of questions,the possibility arises
that earlier answersmay needmodi cation. This is not strictly a form of reusebut rather an action
that might be taken when a reuse condition is detected. In the reusecorpus, an instance of this
can be found in the following Q&A pairs.

Q: How much calcium should an adult woman getin her diet?

I 11

A: Adult womenneed 1000-1500mgper day (pre- and post-menopusal) and
also nead Vitamin D to absorbthe calcium. But they should not take over
500mgat one meal.

Q: What are the factors that increase calcium excretion?

I: 19

A: high protein diet, ca eine, alocohol, sadium, low exercise. Note that the
minimum daily requirements seem to assumesome of these, so a lifestyle
without thesefactors may require fewer mgs of calcium per day.

Once the answer to the secondquestion is found, the rst answer should be modi ed to indicate
further clari cations.

4 Strategies for implemen ting reuse

There are a variety of techniques that one can imagine to enable a question answering systemto
improve performancevia the reusecategorieswe have identi ed. In this section we will outline a
small number of them. Howewer, how well such techniqueswork in practice would require actual
implementation and experimentation.



The simplest reusetechnique is to keepa cade of all questionspreviously asked of the system,
and the answers provided by the system. This givesa potential performancebenet for questions
that exemplify the reusecategoriesin the question-orierted cluster, namely sameQuestion,subSu-
perQuestions, embeddedQuestions,questionFacts, and questionClari cations. In order to achieve
this enhancedperformance, the question answering system must be su cien tly sophisticated to
identify the relationship betweenthe questions asked, and recognizethat these questions are re-
lated in the way described in the given reusecategory

A question answering system has additional reuse potential when, in addition to cading the
guestionsit hasanswered, it keepsa record of the answersit uses,and the documerts usedby the
systemto obtain theseanswers. This should make reusethat falls in the sameDocumentgategory
fairly straightforward, and can potentially enable reusein the more complex categories,sud as
inductiveAnswers, answerLimits, sameFacts, and topicCharacterizations

A systemmight also

keepstrack of the semartic cortent of the answersit has already provided and

updates this semariic content when perhaps as a result of a related question, it obtains
additional information about the sametopic.

It could then make use of reuseopportunities in the answerRevisionscategory

In all casespneofthe mostdicult parts of implemerting reuseis the recognition by the system
of the relationship betweenthe various questionsand answersit encourters, and the categorization
of theserelationships into the various reusecategorieswe have identi ed.

The systemmay be able to involve the userin an attempt to identify sud relationships. This
would involve an interaction with the userthat is much more complicated that a straightforward
sort of interaction where the user does asks questionsand the system responds with answers. A
systemmight employ a more sophisticatedinteraction model wherethe userprovidesdirect feedbak
about the answers and documerts and perhapseven about the inner workings of the system. For
example, the user may indicate whether she nds the answer provided by the system satisfactory.
Maintaining a record of this information has obvious utilit y when the systemidenti es future reuse
in the sameQuestionor subSuperQuestions categories. If the system provides accessto seeral
corpus documerts in responseto a question, there is additional information available in the form
of which documerts the user actually accessesand in what order. The user can also be given the
opportunity to provide the systemwith information concerningthe perceived usefulnessof these
documerts. This information can also be useful for reuse.

Possible modes of user feedba& in a question answering system, and the ways in which this
feedba& can assistthe systemboth in identifying and categorizingreuseopportunities, and obtain-
ing maximum performance enhancemen as a result of the reuse,is an important area for future
researd.

Regardlessof method usedto implement reuse, one will have to evaluate its e ectiveness. A
simple method is to compareits performancewith that of the systemwith the reuse medcanisms
turned o. Thus, one could perform user-certric evaluations sudc asin the TREC interactive track
or the more traditional information retrieval evaluations like the TREC QA track ewaluations. In
either case,onewould hope for an improvemern in performancewhen the reusemedanismsturned
on when comparedto the performanceof the baselinesystem.



5 Future Work

This paper represenis a start on collecting and analyzing data on reuse possibilities in question
sets. Howewer, more work of this kind is needed:

We deweloped a corpus of about 200 questions and answers from singe users. A corpus of
many hundreds of questionswas collected for multiple users. In order to do the analysis of
the categoriesof reuse,we annotated various typesof reuse. Howewer, our goal was primarily
to nd examplesof reuseand to investigate the di erent categoriesand we did not complete
the annotation. Furthermore, aswe annotated, our understanding of the categoriesof reuse
ewlved, and it would be interesting not only to complete the annotation but to re-annotate
what was doneto ensurethat good consisten annotation.

When we deweloped the corpus of questions, we did not have rm goalsabout the types of
topics that QA systemswould be particularly interestedin. We endedup with many topics
of a generalscope and also topics about issues. We believe that topics that contained more
peopleand ewents are also of great interest to QA systems,and it would be good to dewelop
more topics along theselines.

For the analysis for this workshop, we wanted to obtain documerts of timely and topical
interest, so we usedthe Web as a documert source. However, the use of Web documerts in
the corpus posessomeproblems. One is the issueof intellectual property: we do not have the
rights to include the actual documerts in the corpusand we only usedthe URLs. The other is
that this is not a static documert setwhich can be usedby future researbersfor comparative
experimentation. The TREC QA documert collection, howewer, is such a static documert
collection. We feel that it would be very valuable to dewvelop somequestion sequenceshat
could be answered from documerts in the TREC collection. One method would be to start
with a current TREC question and to continue to dewvelop a topic and sequencearound that
question.

Finally, we have not collected enough annotations of reuseto estimate the distribution of
the categoriesof reuse. Such a distribution would be one of the valuable measuresof the
importance of the various categories, particularly any categoriesthat are either extremely
densein the data or extremely sparse.

6 Conclusion

In this paper we have
introduced and demarcatedthe topic of reusein question answering,
deweloped a set of categoriesof reuse,
found examplesof these categoriesof reuse,
discussedstrategiesfor implemerting reuse,
outlines future work.

It is our hopethat this paper combined with its corresponding question corpusand annotations
will provide a starting point for further researt in reuse. In the next section we make specic
recommendationsfor researd in the form of a six to eigh week workshop involving six to ten
researters.



7 Recommendations for a full workshop

Collect and annotate a larger Reuse Corpus. We feelthat to have reasonabledevel-
opmert and test sets, we need to annotate about 750 Q&A pairs for 50 topics, therefore
requiring about 15 questionsper topic. A style book for the annotation should be developed
and an experiencedannotator should perform the annotation.

Extend two functioning question answering system. The two systemsshould bedi er-
ent in approac. For example,onecould consistof statistical componerts and the other could
be discreteand rule-based. Two componert technologiesthat will have to be constructed are:

{ aquestionclustering module that recognizeghat two questionsare about the sametopic
and

{ a question set classi er that assignsreuselabels to question sets where the set might
often contain two questions.

Focus on user interaction. Mine the user for information relevant to identifying reuse
categoriesand vetting information to be reused.

Evaluate the systems with and without the reuse modules. Useboth a TREC-style
evaluation and a small user-cetric evaluation.
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