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Abstract
Computesproducel summarieshave traditionally beenevaluatedby compaing themwith human-prducedsummariesusing the F-
measure. However, the F-measurds not appropriatewhen alternatve sentencs are possiblein a humanproducedextract. In this
paper we examinesomeevaluationmethodsdevisedto overcomethe problem,including utility-basedevaluation. By giving scoresfor
moderatelyimportantsentenceghat doesnot appeatin the human-poducedextract, utility-basedevaluationcanresole the problem.
However, the methodrequiresmucheffort from humango provide datafor evaluation. In this paper we first propcsea pseudo-tilit y-
basedvaluationthatuseshuman-poducedextractsat differentcompressiomatios. To evaluatethe effectivenesof pseua-utility-based
evaluation,we compareour methodandthe F-measureisingthedataof the Text SummarizatiorChallenggTSC),andshov thatpseude
utility-basedevaluationcanresole this problem.Next, we focuson content-baedevaluation.Insteadof measuringheratio of sentence
thatmatchexactly in the extract, the methodevaluaesextractsby comparingtheir contentwordsto thoseof human-prducedextracts.
Althoughthe methodhasbeenreportedto be effective in resolvingthe problem,it hasnot beenexaminedin the contect of comparing
two extractsprodwcedfrom differentsystemsWe evaluatedcompuer-producedsummariedy content-basgevaluation,andcompared
theresultswith a subjectve evaluation. We foundthatthe evaluaion by content-basecheasuranatchedhoseby subjectve evaluation

in 93% of the casesif thegapin conten-basedscoredetweertwo summariess morethan0.2.

1. Introduction

Recently the issue of how to evaluate compuer-
produced summaies has beenrecogrized as one of the
problemsthat mustbe addressedh the field of automatic
summaization. Evaluation methodsfor text summaiza-
tion can be divided into two cateyories: intrinsic and
extrinsic(SparckJonesand Galliers, 199%). The method
that evaluate systemoutputs (sumnaries) themseles are
oftencalledintrinsic methals. On the otherhand extrinsic
methals evaluatethe performane of a summarizatia sys-
temin a giventask,suchasinformationretrieva andtext
categorization. In this paperwe focusonintrinsic methals.

Compuer-producedsummaies have traditiondly been
evaluatedby comparing themwith human-praducedsum-
maries using the F-measug. Jing et al.(Jing, Barzilay,
McKeown, andElhadad 1998, however, pointed out that
the F-measug hasa probdem: it is not apprgriate when
alternative sentencearepossiblein a humanproducedex-
tract. For examge, if a human subjectextractssentencel
andasystenmextractssentence, thesystenobtainsalower
score.gvenwhensentenced and2 areinterchangeale. In
this paperwe examinesomeof the evaluaion method de-
visedto overcomethis problem.

Several such methals have been proposed, includ-
ing the utility-based evaluation proposed by Rade et
al.(Rade, Jing,andBudzikowska,2000. Utility is theim-
portanceof eachsentenceasscoredmanudly onaoneto-
ten scale. Utility-basedevaluation measuesthe coverage
of utility scoresof the human-producedextract. By giv-
ing scoredor modeatelyimportart sentencethatdoesnot
apparin thehuman-praducedextract, utility-basedevalua-
tion canresolhetheprobdem. However, themethal requires
agreatdealof effort for humars to assignscoresnanually

Contentbased evaluation(Doraway, Drummey, and

Mather 2000) is anotter method Insteadof measurig
theratio of sentenceshat matchexactly in the extract, the
methal evaluatescompuer-producedextracts by compar-
ing their content words to thoseof human-praluced ex-
tracts. The scorefor conternt-basedevaluation is obtaired
by computing the similarity betweenthe term frequenc/
(tf) vecta of a computerproducedextract andthe tf vec-
tor of a human-poducedextract, usingthe cosinedistance.
Content-basedevaluation doesnot requiremucheffort for
humansto make a datasetfor evaluation Although the
authas reportedthat content-basedevaluation was effec-
tive for resolvingthe prodem, themethodhasnot beenex-
amind in the context of comparing two extractsproduced
from differentsystems.

In this pape, we first propose a pseua-utility-based
evaluation that overcomesthe problems of utility-based
evaluation. We cangenerallyassumehat sentencedn an
extractat high compessionratiosaremoreimportantthan
thoseat low compessionratios. Basedon this assump-
tion, we can assignan importanceto eachsentencan a
text, whenthereare humanproducedextractsat different
compessionratios. We canthenusethemfor utility-based
evaluation. We think that pseudoutility-basedevaludion
is morepracticalthanutility-basedevaluation for makinga
datasetfor evaluatian, becasea number of datasetswith
extracts at different compression ratios have beenmade
(e.g, (Jing,Barzilay, McKeawn, andElhadad 1998)).

To evaluatethe effectivenessof pseud-utility-based
evaluation,we compaeit with theF-measureisingthedata
of the Text Summariation Challenge(TSC)(Fukwshima
andOkumua, 2001:a; Fukushimaand Okunura, 2001:b),
a subtaskof NTCIR workshop2, and shav that pseua-
utility-basedevaluationcanimprove the F-measure

Next, we focus on contert-basedevalugion. We com-



pare contert-basedevaluation with subjectve evaluatian,
and investigatethe effectivenessof conten-basedevalua-
tion for compaisonof two compuer-producedsummaries.
In the following sectionswe first briefly review some
intrinsic method that overcome someprablemsof the F-
measue. In Section3, we propose pseuad-utility-based
evaluation. To reveal the effectivenessof pseudeutility-
basedavaluation we evaluatedcomputerproducedextracts
by our methodandthe F-measug. We reportthe resultsin
Section4. We alsorepot anexamination of content-based
evaluation.
2. Related Work
Jing et al.(Jing Barzilay, McKeown, and Elhadal,
1998) corductedsomeexaminatios on intrinsic and ex-
trinsic methodsto investigatethe factorsaffecting evalu-
ation results. From their results,they found that the F-
measue hasat leastthe following two prodems.
e Problem 1:
theF-measug is vely sensitve to the compessionra-
tio, i.e., thescoredliffer greatlyaccoding to thecom-
pressiorratio.
e Problem 2:
theF-measurés notappopriatewhenalternatve sen-
tencesare possiblein a humanproducedextract; for
exanple, if ahumanextractssentencd anda system
extracts sentence, the systemobtairs a lower score,
evenwhensentence& and? areinterchangeate.

Several method to redwcethe effect of prodem 1 have
beenproposed.Mittal etal.(Mittal, Kantrowitz, Goldstein,
andCarbond, 199) proposedthatsystemshouldbeeval-
uatedat a variety of compessionratios, and the results
shoud berepotedin a manrer similar to the 11-point pre-
cisionscorethatis usedin informationretrieval.

They alsopointedout thatdifferencesn inherer prop-
ertiesof corpora affect the results. To be ableto compare
the perfomanceof systemsn differentcorpora, they sug-
gestedthat a scoreof systemperformarce shouldbe nor-
malizedby a baselinescore,which was definal to be the
avergye perfomanceof all possibleextracts(ranrdomly ex-
tractedsentences)Givena baselinescoreb anda scoreof
systemperfamancep, the adjustedscoreis calculatedby
thefollowing equation

r_p=b
P=1"%

Here,the baselinescoreof the F-measue is equivaent to
the compressionratio, andthe F-scoregeneally increases
whenthe baselinescore(i.e., compessionratio) increases
(seeTables3 and4). Mittal’s method which adjuststhe
scoreof systemperfamanceby thebaselinescore reducs
theeffectof problem1.

Rade etal. improved Mittal’s measurqRade, Jing,
andBudzikowska,200). In additionto Mittal's proposal,
Rade etal. tookaccoun of inter-judgeagreemen]. When
severd humansubjectsare asked to make extractsfrom a
text, theinter-judge agreenentmeasureso whatextentthe
sentence eachjudge extractsagreewith eachother Jis
consiceredasanupper bound onthe performarce of asys-
tem. GivenabaselinescoreR anda scoreof systemperfar-
mane S, a modfied systemperfamanceS’ is calculated
usingthefollowing equatia.

_S—-R
-~ J-R

Several methodsfor redweing the effect of prodem 2
have alsobeenproposed.Jingetal. (Jing, Barzilay, McK-
eonn, andElhadad,1998) proposedan evaluation methal
thattook account of moderatelyimportarn sentencethatdo
not appeaiin the humanproducedextract. In this methal,
theagreenentbetweerasentencén ahuman-pioducedex-
tractanda sentencén a computerproducedextract is rep-
resentedas the degree of the humansubjects’agreenent.
For examge, if threeof five humansubjectsextract sen-
tencel, andtwo subjectsextractsentence, a systemthat
extractssentencd will receve ascoreof 3/5,andasystem
thatextractssentence will receve a scoreof 2/5, instead
of oneor zero,respectiely?.

Rade etal.(Rade, Jing,andBudzikowska,2000) pro-
poseda utility-basedevaluation. Utility is theimportance
of eachsentencaccoding to ascoreassigneanantally on
aone-totenscale.A utility-basedscoreis calculatecby di-
viding thesumof utilities of thecomputerproducedextract
by thatof thehumanproducedextract. By giving scoredor
mockratelyimportart sentencefrom the humanproduced
extract, utility-basedevaluation canresohe prodem 2.

Donaway etal.(Doraeway, Drummey, andMather, 2000)
proposedwo evaluationmethodsIn one,bothhumansub-
jectsanda systemareasledto rankthe sentencesf atext
in orde of their importarce, and the compuer-produced
extract is then evaluatedby compaing the ranks of both
computerproducedand humanproduced extracts. This
methal classifiesall sentencgin the original text in terms
of their importance,insteadof classifyingtheminto two
categories(importantor unimportant)

Another methdl is cortent-basedvaluation. Insteadof
measuing the ratio of sentenceshat matchexactly in the
extracts,the methodevaluatesextractsby compaimng their
contentwords with thoseof human-producedextracts.The
scorefor contentbasedevaluationis obtainedby comput-
ing thesimilarity betweerthetermfrequeng (tf) vectorof
a computerproducedextractandthetf vectorof a human-
producedextract,usingthe cosinedistance.

Donaway et al. conducted an examiration for com-
parism of thesetwo methals togetter with recall. They
preparedseveral pairsof human-pralucedextracts,whaose
contentswerehighly similar, andusethemfor the evalua-
tion of compuerproducedextrads. Thehypothesisof their
examinationis goad evaluation methodshouldyield simi-
lar scoreshy comparing a compuer-producedextract with
apair of human-pralucedextracts,if they arehighly simi-
lar. They calculatedcorrelationcoeficientsof both scores
for eachevaluation method As a result, they conclucd
that contentbasedevaluation wasthe bestway to resole
problem?2.

In Documen Understanding Confeence 2001,
computerproduced summarie were evaluated by com-
paring with human-pralucedsummaies using the notion
of model units (MUs) and peerunits (PUs)(McKeawn et

SI

LIf we considersentenceshat more than half of the human
subjectsxtractascorrect,sentencd is correct,and2 isincorrect.



al., 200)). First, the humanproduced summaies were
manually segmeried into MUs, which are informational
units that shouldexpress a self-cortainedfactin the ideal
case. Second compuer-produced summaies were auto-

maticallyseggmertedinto PUs,which arealwayssentences.

Third, the assessollocated the PU(s) that covered the
content of eachMU, if ary. Finally, the scoresof precision
were calculatedfor eachcomputerproducedsummay as
the numbe of PUs matchirg some MU divided by the
number of PUsin the peersummay. Thethird stepin this
procedurecanresole prodem 2, becausea PU is located
by an assessorif only the PU covers the contert of the
MU, thowgh they were extractedfrom different partsin a
text.

3. Pseudo-utility-based Evaluation

In this section,we proposea pseua-utility-basedeval-
uationthatuseshumanproducedextractsat differentcom-
pressionratios. Whenthereare human-praducedextracts
for atext at ratios of r1%, r2%, andr3% (rl < r2 < r3),
we canclassifyeachsentencén thetext into thefollowing
four cateyories: (a) sentencgcontainedn therl% extract,
(b) sentenceshatare not cortainedin the r1% extract but
arecontairedin the r2% extract, (c) sentencethatarenot
contaned in the r2% extract but are contaired in the r3%
extract, and (d) othersentences If we regad thesecate-
gories asa oneio-four scale,we canusethemas utilities
for pseudaeutility-basedevaludion.

Now, we explain pseua-utility-basedevaluationusing
an exanple shavn in Table 1. Table 1 shovs a human
producedextract andtwo compuer-producedextracts,all
at 10%, 30%, and 50% ratios. Of the ten sentence¢S1—
S10)in theoriginal text, theextractedsentencearemarked
as't’ in thetable. Now, we definethe weight of eachsen-
tencew asl/(compression ratio).

Of thefivesentencefS3,54,57,S9,andS10)extracted
by systeml at 50%ratio, three(S4,S7 andS10)arecon-
tainedin the humanproducedextrads. The F-scoreof sys-
tem 1 at 50% ratio is 0.6 (3/5). Here, asthe weights of
the five sentence$S3, S4,S7,S9, S10)are0, 1/30, 1/50,
0, 1/30, respectiely, the total of the weightsis 13/150(0
+ 1/30 + 1/50 + 0 + 1/30), while the total weight of the
human-poducedextract is 31/150 (1/10 +1/30 + 1/50 +
1/50 + 1/30. The pseudeutility scoreis calculatedby
thetotal weight of a computerproducedextrad divided by
thetotal weightof a humanproducedextrad. Thepseude
utility scorein this caseis 0.419 (;j;—}gg .

TheF-scoresandpseudeutility scoresof systemdl and
2 areshavn in Table 2. In the table,asboth systemsex-
tract S4 insteadof S1, which wasextractedby the human
subject,the F-scoreis zera Here,asS4is containg in a
human-pioducedextractat 30%ratio, this sentencés con-
sideredasa modeatelyimportant sentenceIn this exam-
ple,theonly possiblescoreof the F-measue at 10%is zero
or one,while pseudeutility-basedevaluationmalesit pos-
sibleto evaluateextractsapprariatelyby takingaccout of
mockratelyimportantsentencesuchasS4.

’Here, an extract at r1% mustbe containedin an extract at
%, (r1 < r2), andan extract at r2% mustbe containedin an
extractatrz% (r2 < r3).

Next, we compae two computerproducedextractsat
50%ratio. The F-scoresof both systemsare 0.6, becase
threesentencesf five in both computerproducedextracts
arecorrect.Of thethreecorrectsentencesf both systems,
S4 and S10 are commonand the remainingonesare dif-
ferert. For their third sentencessysteml extracts S7,and
system? extractsS1. S1is considereanoreimportart than
S7,becaseSlis containg in the human-poducedextract
at 10%ratio. As aresult,the pseudeutility scoresof sys-
temsl and2 are0.419and0.805, respectiely. This mears
that pseua-utility-basedevaluation canidentify the differ-
encebetweerntwo compuer-producedextracts.

4. Analysisof Evaluation Methods

To evaluatethe effectivenessof pseud-utility-based
evaluation, we condicted sometestsusingthe dataof the
TSC.We alsodiscussconten-basedevalugion, whichwas
usedasoneof evalugion methodin the TSC.

In Section4.1, we first explain thetasksandevaluaion
in the TSC. In Section4.2, we repot the analysisof both
measuesbasedn thedataof the TSC.

4.1. Evaluationin the TSC
The Text Summaization Challenge(TSC) s a subtask

of NTCIR Workshop2, which washeldsothatresearcher
in thefield couldcollectandsharetext datafor summaiza-
tion, andto make clearthe issuesof evaluation measues
and method for summaization of Japaneséexts. Three
taskswere corductedin the TSC, andwe describetwo of
them,taskA-1 andA-2, astheirevaluationusesanintrinsic
methal (For further detail, pleasereferto (Fukushima and
Okurrura,2001:a; FukushimaandOkunura, 200L:b)).

e Task A-1 (Extraction of important sentences):

to extractimportart sentenceat 10%, 30%, and50%
ratios. Extractswereevaluatecby F-measure

e Task A-2 (Summariesto be compared with human-
produced summaries):

to producesummariesn plaintext attheratiosof 20%
and 40%. Summarieswere evaluaed in two ways:
content-basedvaluation andsubjectie evaluation. In
subjectve evalugion, human judges were asled to
evaluate and rank the compuer-producedsummaies
in termsof coverageof importarn contentsandread-
ability. Judgeswere given four typesof summaies:
two humanproducedsummaies, a systenresult,and
anextract producedby alead-basednethod

411 Texts
Thirty newspape articles were extraded from the

Mainichi newspaerdatatasefor 199 and1998 In terms
of genre editoiials andarticleson socialissueswvereused.
The editoiials were groyped into two setsof abou 1200
and 2400 charactersn length, while the socialissuearti-
cleswere growedinto threesetswith lengtts about600,
900and12000r morechamcters.

4.1.2. Evaluation methods for each task
Task A-1

For task A-1, recall, precisio, and F-measues were
usedwhere



Tablel: An exampleof pseudeutility-basedevaludion

Humansubject Importarce Systenml Systen®
10% | 30% | 50% w 10% | 30% | 50% || 10% | 30% | 50%
S1 + + + 1/10 - - - - + +
S2 - - - 0 - - - - - -
S3 - - - 0 - - + - - -
S4 - + + 1/30 + + + + + +
S5 - - - 0 - - - - - -
S6 - - - 0 - - - - + +
S7 - - + 1/50 - - + - - -
S8 - - + 1/50 - - - - - -
S9 - - - 0 - + + - - +
S10 - + + 1/30 - + + - - +

Table2: An examge of evaluationby F-measue andpseua-utility-basedmeasure

[ Systeni [ Systen? |
| F-measure] pseudo-ufilityevaluation | F-measure] pseudo-ufilityevaluation |
0 1/30 0 1/30
10% || 0.000(-) 0.333(/—) 0.000( =) 0.333(/—)
1 1/10 1 1/10
2 2/30 2 1/10 +1/30

30% || 0.667(3) 0.400(m )

0667(3) | 0-800( 1/10 + 2/30)

2730 + 1/50

3
50% || 0.600(>) | 0.419(

1/10 + 2/30 + 2/50

1/10 + 2/30
1/10 4 2/30 + 2/50

3
0.600(>) | 0.806(

e Recall= the number of correctsentencesnarked by
the system/ the total numkber of correct sentence
marlked by the humansubject

e Precision= the number of correct sentencesnarked
by the systenv the total numker of sentencemarked
by the system

e F-measue=2 x Recallx Precisiorn/ (Recall+ Preci-
sion)
After calculatingthesescoresfor eacharticle, we com-
putedthe average of them. We alsoevaluatedthe resultsof
two baselinesystems.Onewasbasedon the lead methal
(Lead, andtheotherwasbasedn termfrequengy (tf).

Task A-2
(i) Subjective evaluation

The following four kinds of summaris aswell asthe
original texts wereprepaed.

e Summaies producedby extrading important partsof
thesentences thetext (PART)

e Freelysummaizedtexts (FREE)
e Summaiesproducedby asystem(SYS)

e Summaies produced by using the lead methal
(BASE)

First, the evaluata (one person)readthe original text
andits summarieg4 kinds). Then the persm evaluated
and scoredthe summariesn termsof how readake they
were,and how well the contert of the text wasdescribd.
Thescoreswerel, 2, 3, or 4, wherel is the bestand4 is
theworst,i.e., alower scoreindicatesa betterevaluation.

(i) Content-based evaluation

Like Donaway et al.(Donavay, Drummey, and Matheg
2000), we tried to find out how closethe two summaies
wereby examining thecontentwords. Morphologcal anal-
ysiswasappliedto the systemandhuman summariesand

only contet words (keitaiso) were selectedfor both of
them. Thedistancedetweertheword-frequencg vectorof
system-and humanproduced summariesvere then com-
puted We usedbothPART andFREEaskeys.

4.2, Analysisof Evaluation Methods

To shaw the effectivenesf pseudeutility-basedeval-
uation two examinations are necessary One is a
comparison betweenpseudodtility-based evaluation and
the F-measure,and the other is a comparson between
utility-basedevaluation and pseudeutility-based evalua-
tion. However, asit requires a greatdeal of effort for hu-
mansto make a datasetfor utility-basedevaluation we did
notcondict the latter examination.

In this section,we first compae pseua-utility-based
evaluationwith the F-measureandtheresultsarerepoted
in Section4.2.1 We also condicted an examination on
cortent-basedevaluatian, and the resultsare repated in
Sectiord.2.2

4.2.1. Comparison of pseudo-utility-based evaluation
and F-measure (task A-1)

First, we investigded the effectiveness of pseuad-
utility-basedevaluationby compaing humanproducedex-
tractswith compuerproducedextracts. Figure 1 shavs a
typicd examge in which pseudoutility wasappliedeffec-
tively. The themeof the origind newspger articleis ‘the
infection of AIDS in Asia’. Both a human-pralucedex-
tractandacomputerproducedextractat 10%ratio (thetask
wasto extractonly onesentencdrom article 940702171)
areshawn in the figure. As canbe seenfrom the figure,
the extracts(senteges)do not matcheachother sothe F-
scoreis zero.Both sentencedjowever, describealmostthe
sametopic, ‘the numker of patientshasbeenincreasinge-
centlyin Asia’. Now, asthe computerproducedextractis
containedin the humanproducedextractsat 30%ratio, the

pseua-utility scoreis 0.333(%), whichseemsnore ap-



Article: 940702171, Compression ratio: 10% (extract one
sentence)

Headline: Infection of AIDS ‘Increases the number of patients
by four times by 2000 says Chief of WHO who is visiting
JAPAN

(TA XS (FUOF, 2000FIZE481 ——(BOWHOREES)
F-score: 0.000, pseudo-utility score: .333

(human-produced extract)

On July Ist, Dr. Michael Merson, Director of WHO's global
program on AIDS, said, “the number of patients in the world is
estimated as four million. In particular in Asia, there are
2,500,000 patients. This is eight times as many as one year
ago.”

(HREOIA ABFEEHTHEFTRFAGEL, BICFIFTRIO—5M
TABIZLAMLTHITERACG 2L, HRBEMEN (WHO ) HR
IAZHBEITOT S LREDTA T - T— Y Lsi—8, 8RLEZ.)
(computer-produced extract)

The chief of WHO, who is visiting Japan, warned in his
interview, “The number of patients with AIDS in Asia is
2,500,000 now. However, the number is estimated to increase
to more than 10 million in 2000.”

(NBIZRERTHANL GETEEBT ZEBREM. EEPOREREE
MELATERAL (FOFORMERTUAZHR+FARLEESN, 2000
FCEOEEO—FFALLCOILRRFNRD) LEEL]E. )

Figurel: An exanmple shaving how pseua-utility evalua-
tion wasapied effectively (1)

propriatethanthe F-scoreof zero.

Newspape articlesin the TSC generallyconsistof 10
to 20 sentence. The human-poducedextrad at 10% ra-
tio therefae consistsof only one or two sentence. In
this case,even though a systemcan extrad a modeately
important sentenceit will not be reflectedin the F-score.
Pseudeutility-basedevaluation however, takesaccoum of
suchsentencg, so moreappr@riate evaluatian is possible
in casesuchastheexamge shovnin Figure 1.

Another exanple is shavn in Figure2. The numkber
of sentenceextractal at 10%ratio from article 9407.52(8
wasthree.In thisexanple,theF-scores 0.333, becaus¢he
first sentencef thethreein the computerproducedextract
is contaired in the humanproducedextrad. Here, one of
theothertwo sentencem thecompuer-producedextractis
contanedin thehumanproducedextractsat 30%ratio, and
anotleroneis in 50%. As aresult,the pseua-utility score
is 0.511 (W) Comparimy the compuer-
producedextrad with the human-poducedextract, sen-
tenceq2) and(3) in the computerproducedextractareex-
amplesof the descrigion ‘universities,togetter with other
edua@tionalorganizatiors, areattemptirgy to devise a count
termeaste’ in sentencg?) in thehumanproducedextract.
From theseresults, pseudeutility-based evaluatin is ef-
fective in assigningscoreswhenthe systemextractsmod-
eratelyimportart sentences.

From the resultof this analysis,we canconclue that
pseua-utility-basedevaluation can reducethe effect of
problem2, aspointedout by Jingetal..

We then calculatedthe average scoresfor pseude
utility-basedevaluation and F-measurefor each system.
The resultsare shavn in Table 3 for F-measureand 4 for

Article: 940715208, Compression ratio: 0% (extract three
seniences)

Headline: The decreasing number of science students — some
countermeasures by universities and the Ministry of Education
(EFLH THIRMA ——KF - XHET L “HOFIDFE")
F-score: 0.333, pseudo-utility score: (L.511
{human-produced extract)

A crisis in an industrial nation, JAPAN — The number of
science students in high schools and universities has been
seriously decreasing.

(FEWILE = o R BB ALY HE WO HoEmeX2OB IR EE
FEOWUREAGE THIRMA ) AFEIZE>T0S. )

To improve the current situation, universities together with
other educational organizations are attempting to devise a
countermeasure.

(CHLEMEIZA R TEMPES &, AP ORTHE—EL L oM
BHTLE. )

De The decreasing number of science students is an obscure
problem with serious effects.

(CHLE-MEOERIHIO0N, SEOEIRMA. )
(computer-produced extract)

A crisis of an industrial nation, JAPAN — The number of
science students in high schools and universities has been
seniously decreasing.

(FEWILE = o R BB ALY H@oOFEoEmne X208 IRE
FEOWUREAGE THIRMA ) AFEIZE>T0S. )

Some universities have created programs designed to appeal to
the scientific interests of children to take place during the
summer months.

(RERL LR, COX, THET-HEOESLIEPRYSIONFNFTLE
amBEEt. )

The Ministry of Education also started to assist high school
science students and to make science attractive in universities,
taking account of a report from specialists.

(EEHTHE, BERICHMOEEE~OXEREMETE—H. EMF
OEBESCMBEERIT. BOPSHIRAPIEYITEYH L. )

Figure 2: An exanple shaving how pseua-utility evalua-
tion wasapgied effectively (2)

pseud-utility-basedevaluation®. Ten systemsfrom seven
groupsattemptedaskA-1. ThesystemDs areshovn from
I toIX in thetables.Differentsystemdrom thesamegroup
areshown by dash(VII' andIX’).

Systemd andll arerankedfirst andsecondn Table3,
but secondandfirst in Table4. The ranks of mary other
systemsalso changd; in particdar the rank of systemV
chargedfrom 9 by F-measug to 5 by pseua-utility-based
evaluation. To investigatethe reliability of theseranksby
pseua-utility-basedevaluation we focusedon systemsl
andll, andcomparedthe extractsof bothsystems.

Among 90 pairs (30 texts x threeratios(1@6, 30%,
50%) of compuer-produced extracts, we chosel6 pairs
with the sameF-scoresanddifferent pseudeutility scores.
Among the 16 pairs, the pseua-utility scoresof system
| arelarger thanthoseof systemll in 10 cases. A typi-
cal exanple of thesecaseds shawvn in Table5. We showv
several sentenceextraded by systemd andll atthe10%
ratio from article 9803013 andthe weightsof eachsen-

3We eliminated four articles (9407189, 9407®@187,
94071831, 98020353) from this examination,as they did not
meetthe condtion in footnote2.



Table3: F-scoreof eachsystem
| SYSTEM || 10% | 30% | 50% [ total(rank) ]

[ 0.363 | 0.435] 0.589 || 0.463(2)
[ 0.337| 0.452 | 0.612 || 0.467(1)
v 0.251 | 0.447 | 0.574 || 0.424(9)
Vi 0.305 | 0.431| 0.568 || 0.435(6)
Vi 0.282 | 0.435| 0.572 || 0.429(8)
Vil 0.305 | 0.474 | 0.586 || 0.455(3)
VIT 0.241 | 0.497 | 0.578 || 0.439(5)
I 0.199 | 0.399 | 0.590 || 0.396(11)
X 0.358 | 0.420 | 0.571 || 0.450(4)
X 0.268 | 0.409 | 0.570 || 0.416(10)
TF 0.284 | 0.433 | 0.586 || 0.434(7)
Lead || 0.276] 0.367 | 0.530]| 0.391(12)
[ Ave [ 0.289] 0.433] 0.577 ]| 0.433 |

Table4: Pseudadtility scoreof eachsystem
[ SYSTEM ]| 10% | 30% | 50% [[ total(rank) |

i 0.518 | 0.559 | 0.664 ||| 0.581(1)
[ 0.450 | 0.603 | 0.673 || 0.569(2)
Y, 0.410 | 0.546 | 0.641 ||| 0.527(5)
Vi 0.444 | 0.537 ] 0.608 ||| 0.521(8)
ik 0.420 | 0.516 | 0.607 ||| 0.504(9)
Vi 0.433 | 0.560 | 0.651 ||| 0.541(3)
VIT 0.401 | 0.556 | 0.636 ||| 0.525(6)
YT 0.330 | 0.515 | 0.654 ||| 0.495(11)
X 0.463 | 0.544 | 0.616 ||| 0.535(4)
X 0.388 | 0.509 | 0.612 ||| 0.498(10)
TF 0.406 | 0.526 | 0.657 ||| 0.525(6)
Lead || 0.401| 0.481]| 0.549 ||| 0.468(12)
[ Ave || 0.422] 0537] 0.630 [ 0.530 |

tenceusedfor pseuad-utility-basedevaluation. Here, all

thesentencesyhich have weightsof 1/10, shov a human

producedextract at 10% ratio. Among the five sentence
extractedby systeml, two sentence$S44 and S54)were
contanedin the humanproducedextract, sothe F-scoreis
0.4 Systeml alsoextractedS30,which occursin human

producedextractsat 30%,andboth S3andS4,which occur
in humanproducedextractsat 50%, so the pseudoutility

scoreis 0.547.

Systemll extractedS26and S43,sothe F-scoreis 0.4
(thescoreis sameassysteml). Amongtheotherthreesen-
tencesextractedby systemll, S3 and S4 are comman to
systeml andtheweightof the othersentencéS31)is zero.
Conseqently, thepseudaeutility scoreof systeml is 0.480,
whichis lowerthanthatof systeml (Table6).

S22 brings up an important questionthat is a main
themeof thisarticle. S22is containel in ahumanproduced
extract at 10%, though neithersystemextractedit. How-
ever, system extractedS50,whichis asolutionto theques-
tion posedin S22. This sentencés actuallycontairedin a
human-poducedextractat 30%. It is therefae appopriate
that pseua-utility-basedevaluatian differertiatessystems
I andll, becausef the extraction of S50by system.

4.2.2. Comparison of content-based evaluation and
subjective evaluation (task A-2)
First, we describethe resultsof subjectve evaluatian
andcontent-basedevaluatian in the TSC. Secondwe com-
parethem and discussthe effectivenessof content-based

Table 8: Percentag of caseswherethe orde of cortent-
basedscoresof two summaies matchel the orderof their
ranks by subjectve evaluatian (wholedata)

| | FREE-based | PART-based

20%summary| 91.4% (1371/150) | 88.6%(13291500

40%summary | 89.3% (133/15M) | 90.0%(13501500

Average: 89.8%

Table 9: Percentag of caseswherethe orde of cortent-
basedscoresof two summaies matchel the order of their
ranks by subjective evaluation (SYSvs BASE)

| | FREE-based | PART-based |
20%summay | 64.3%(193/300 | 58.0% (174300)
40%summay | 58.7%(176/300 | 63.7% (191/300)
Averace: 61.20
evaluation.

Results of subjective evaluation

Table 7 shaws the ratios for four typesof summaies
(FREE,PART, SYS,BASE) rankedfirst, secondthird and
fourth, in termsof coverageof importantcontents (CONT)
and readability(READ)*. As canbe seenfrom the table,
FREE s higherthanthe othess (73.5%) in the number of
caseghatit rankedfirst, with PART, SYS, and BASE fol-
lowing. However, the differencebetweenSYS and BASE
is verysmallcompaedwith thatbetweerFREEandPART.
The quality of the four typesof summaies canbe ordeed
asfollows:

(1)FREE> (2)PART > (3)SYSandBASE

Comparison of subjective evaluation and content-based
evaluation

We comparedthe resultsof subjectie evaluation and
cortent-basedvaluatin. We calculatedhe perentageof
caseswvherethe order of content-basedscoresof two sum-
mariesmatchedheorde of theirranks by subjectve evalu-
ation. The possiblecomhnationsof the four typesof sum-
mariesare ‘FREE-FART’, ‘FREE-SYS’, ‘FREE-BASE’,
‘PART-SYS’, ‘PART-BASE’, and ‘SYS-BASE'. Among
them, we eliminate 'FREE-FART’ from our examination,
becasebothFREEandPART areusedaskeys for evalua-
tionin the TSC.

Theresultsareshonn in Table8. As canbe seenfrom
thetable,theevaludion by conten-basedneasurenatched
the subjective evaluationin 90% of casesat comression
ratiosof both20%and40%.

As describedabove, the difference betweenSYS and
BASE is verysmall. We therefae focusedonthemandcal-
culatedthe percentge of casesvherethe order of cortent-
basedscoresof the two summaies matchedthe order of
their ranks by subjectve evaluatian. Theresultsareshown
in Table9. We canconcluct thattheconter-basedneasure
canrot detectthe slight differenceof quality betweentwo
summaies,suchasSYSandBASE. However, it is reliable
atdetectingargerdifferencesbetweertwo summaies.

To investigde the reliability of contentbasedevalua-
tion, we calculatedhe percentag of casesvheretheorder

4two ratios(20%and40%) x 30texts x 10 systems= 600.



Table5: Extractsproducedby compuer systemd andll (10%ratio)

Headline: An age-limit system - gives jobs to old people -

(EEH

EmBLEHUMESET 6 SHEEHENELRHIT)

(=

ID | Weights [ T [II [ Sentence

53 1450 + | +

Mr. Seiji Sugano (79}, who is the oldest person in the company, works for 40 hours a week at Yokokawa
Elder company at Musashino in Tokyo.

(ERMHEBRHFHI-HS BATILT—) OBRERE. EHFEEA (79) ISLRE[HLIFTEF
BLE4 OO ZILAA LTCTERL 2 ENBMERHTS, )

S4 1/50 + | +
Yokokawa Denki) in 1975,

Yokokawa Elder was established for people who retired from Yokokawa Denki (there are 6311 workers at

(T TILA—) 12197 5FEITHHBA—N— THAEE) (HFEB6 31 1A EEEERE
LAtz ithests LTHEIZhE. )

1710

The problem is how to prepare various jobs that meet the demands of the older workers.
(—RIZTIIEL{BHREO—XIZ&ht., EHLAZ2—FESHET LN, )

1710 +
receive old-age pensions.

&5 )

There is a strong possibility that old persons cannot obtain jobs, although they want to work until they

(EEXHRMAKBERETME L ELMAEN TV, EVSURUERMENEELIEThNES

531 |0 +

Sinece last March, many people have complained of decreasing retirement allowances and wages, because
the 60-year age limit has been retained.

(SEIACANS., 6 OMEFHOEEYZ, BHEVLEREA VL EER LV SIFAHNESER
I L., 2EOH#EOHBE AWOLLICHROVTHFELA TS, )

543 | /10 +

RISFOELERTEELES. )

Twenty years age, people in their twenties accounted for 20% of the population and the number of

people over 65 years old accounted for only 10%. However, in 2015, people in their twenties will account
for less than 10% and people over 65 years old will account for 25%.

(12 OFRIZIZ2 OMIEDBEBIEISEAIZ 1A, 65BELEIF10AIZ 1A DA, 2015645
[ZIZ2 0 @RIZ 1 OANIZT AR ELY, -6 5ME LD AOQLETANZT1AETSEHD,

S44 | 1/10 +

LhbFeEEhdDFHoE, )

It is obvious that the younger generation would be burdened by social security, such as the National
Pension or medical treatment, if the number of older people, who want to work but cannot, increases.

(BHEH-THBHTLERENZCEIELE. FEPERTEOHSEMEBET LU ENEAIS

550 | 1/30 +
or permit part-time jobs.

Y. SERMEBELEND. )

To make the most of workers™ careers, companies should continue to employ them after they reach
retiring age. Companies should also give jobs to old people according to their previous occupation,

(FhFETOXRTUTEENTHEEAETARCREL, BEICL > TEEREROBIERIE

1710 +

The author hopes that people over 65 years old can generally work at the beginning of the 21st century.

(2 1#HCOMSHIZIT Te smBE BEEYATEG LRSI LWL, )

Table6: F-scoresandpseudeutility scoresof systemd andll (article 9806116 at 10%ratio)

F-measte

0.4 | 0.400

pseudeutility

0.547 | 0.480

of contentbasedscoresof two summariesnatchel the or-

derof theirranks by subjectve evaluation,usinggapsin the

content-basedscorefrom zeroto oneat 0.1 intenvals. The

resultsareshovn in Table10. We found thatthe evaluation

by contert-basedmeasurematchedthe subjectve evalua-

tion in 93% of casesif thegapin thecontentbasedscores
betweertwo summariesvasmorethan0.2.

We examired the caseswhenthe gapin the content-
basedscoresbetweenSYS and BASE was morethan0.2
in Table9. Theresultsareshavn in Tablel1l1l. The cases
with gagslargerthan0.2 make up only 14.5%betweerSYS
andBASE, while 59.5%in Table10®. Fromtheseresults,
werecorfirm thatthedifferencebetweerSYSandBASE is
small.

5The number of cases with gaps smaller than 0.2 is

2430(1212(0.0-0.1)+188(0.1-0.2)) among6000 cases. So, the

. : : 124241188
ratio thatthe gapsis largerthan0.2is 0.595(1 — W .

Next, we calculatedthe percatageof caseswvherethe
order of conten-basedscoresof two summaies matched
the orderof their ranks by subjectie evaluation whenthe
gapwasmorethan0.2. Theresultis shovn in Table12.

As canbeseerfrom thetable,thereliability of cortent-
basedevaluatian increasedy morethan10%. Theratio of
71.3%, however, is still lowerthanthe 92.8%in Table10.

5. Conclusion and Future Research

In this paper we first proposed pseua-utility-based
evaluation, and condicted an examination to investigate
the effectivenessof our method We evaluatedcompuer
producedextractsby the F-measue andby pseua-utility-
basedvaludion, andfound thatpseua-utility-basedeval-
uationcoulddiminishthe problemsof the F-measue.

We also focused on contert-basedevaluation. We
corducted testsin the context of comparing two sum-
maries produced from different systems. We evaluated



Table7: Theratiosof four typesof summariesankedto first, secondthird andfourth

| | | st | 2nd | 3rd | ath
FREE | CONT | 69.8%(419/6@) | 28.7%(172/600) | 1.5%(9/600) 0.0%(0/600)
READ | 77.7%(466/6M@) | 19.0%(114/600) | 3.2%(19/600) 0.29%(1/600)
TOTAL | 73.5%(885/1200 | 23.8%(286/12®) | 2.3%(28/12) 0.1%(1/1200
PART | CONT | 49.0%(294/6@) | 49.0%(294/600) | 1.8%(11/600) 0.2%(1/600)
READ | 40.6%(244/6M) | 47.5%(285/600) | 8.5%(51/600) 3.0%(18/60Q
TOTAL | 44.8%(538/1200 | 48.3%(579/12®) | 5.3%(64/12®) | 1.6%(19/1200)
SYS | CONT | 2.3%(14/600 3.3%(20/600) | 68.0%(408/600 | 26.3%(158/6M)
READ | 11.2%(67/600) | 10.3%(62/60Q | 43.3%(260/60Q | 38.8%(233/6M)
TOTAL | 6.6%(79/1200) | 6.8%(82/1200 | 55.7%(668/1D0) | 32.6%(391/1200
BASE | CONT | 0.0%(0/600) 0.8%(5/600) | 38.2%(229/600 | 61.0%(366/6M)
READ | 6.5%(39/600 8.0%(48/600) | 52.7%(316/600 | 32.8%(197/6M)
TOTAL | 3.2%(3971200) | 4.4%(53/1200 | 45.4%(545/1D0) | 46.9%(563/1200

Table10: Effectivenesof contern-basednmeasue

Gapbetween Percentagef casesn which
content-lasedscores| contentbasedevaluation matchel
with subjective evaluaion (%)

0.0-0.1 57.8(718/1242)

0.1-0.2 77.1(916/1188)

0.2-0.3 92.8(966/1041)

0.3-0.4 95.9(805/839)

0.4-0.5 96.4(588/6L0)

0.5-0.6 98.8(589/96)

0.6-0.7 99.4(336/38)

0.7-0.8 99.0(103/104)

0.8-0.9 100.0(26/26)

0.9-1.0 100.0(16/16)

Table 11: Percentag of casesvhenthe gapbetweentwo
summaiesis morethan0.2 (SYSvs BASE)

| | FREE-based | PART-based |
20%summary| 17.0% (51/300) | 23.0% (69/300)
40%summary| 10.0% (30/300) | 8.0% (24/300)

Averace: 14.5%0

Table12: Percentag of caseswvherethe orderof content-
basedscoresof two summaies matchedhe order of their
ranks by subjectve evaluation and the gap betweentwo
summaiesis morethan0.2 (SYSvs BASE)

| | FREE-based| PART-based |

20%summay | 745% (38/51) | 73.96 (51/0)
40%summay | 60.0% (1830) | 70.846 (17/24)

Average: 71.3%

compterproduced summariesby contentbasedevalua-
tion, and compaed the resultswith a subjectve evalua-
tion. We found thatthe evaluaion by contentbasedmea-
surematchecdthe subjectve evaluatian in 93% of casesijf

thegapin thecontentbasedscoredhetweertwo summaies
wasmore than0.2.

We shaved that human-praducedextracts at different
compessionratios could be usedfor utility-basedevalua-
tion. Although we usedhumanproducedextractsat 10%,
30%,and50%r ratiosfor evaluation we shouldlook for op-
timal combirationsof compessionratios.

In this pape, we used ‘l/compressionratio’ as the
weights for sentencegor pseudeutility-basedevaluatio.
In future, we shouldalsostudythe optimal weightsof each
sentenceisedfor pseud-utility-basedevaluation
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