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C o m p l e m e n t  Se t  Re fe renc e a n d Quantif ier s 

Linda M Moxey (linda@psy.gla.ac.uk) 
Anthon y J  Sanfor d (tony@psy.gia.ac.uk ) 

Departmen t  o f  Psycholog y 
Universit y o f  Glasgow ,  Glasgow ,  G 1 2 ,  Scotland ,  U K 

Abstrac t 

There is now very wide psychological evidence that some 
quantifier s licens e subsequen t  referenc e t o subset s o f  th e 
complemen t  o f  th e se t  normall y ope n t o subsequen t 
reference .  Thi s ha s pose d problem s fo r  som e forma l 
theorie s o f  th e kind s o f  referenc e mad e possibl e b y 
quantifie d sentences .  Thi s pape r  examine s th e 
phenomenon ,  it s  interpretation ,  an d it s  limits .  A 
process-mode l  i s suggested . 

Introduction 

Th e bul k o f  psycholinguisti c researc h int o anaphor a ha s 
bee n concerne d wit h relativel y simpl e case s i n whic h a 
pronou n refers  bac k t o a n individua l  mentione d i n th e tex t 
(e.g. ,  Havilan d &  Clark ,  1974) .  However ,  ther e ar e man y 
mor e comple x case s includin g reference  t o plural s an d sets , 
particularl y wher e th e anapho r  o r  th e anteceden t  expressio n 
i s withi n th e scof) e o f  quantificatio n o r  negation .  Suc h 
case s hav e bee n discusse d i n th e forma l  semantic s literature , 
especiall y b y K a m p an d Reyl e (1993) .  I n th e presen t  pape r 
we shal l  discus s a  phenomeno n highlighte d b y th e researc h 
of  M o x e y an d Sanfor d (1987) ,  i n whic h w e claime d a 
differenc e betwee n th e focu s pattern s induce d b y positive , 
and negativ e (o r  monoton e decreasing )  quantifiers .  Thi s 
discover y ha s bee n problemati c fo r  som e interpretation s o f 
Discours e Representatio n Theor y ( D R T ) ,  an d i n thi s pape r 
we discus s th e interdisciplinar y lesson s tha t  migh t  b e learne d 
fro m researc h o n thi s problem . 

Accordin g t o D R T th e semanti c interpretatio n o f  a  piec e 
of  tex t  i s represente d i n a  Discours e Representatio n Structur e 
( D R S)  whic h i s update d wit h eac h ne w utterance .  A  D R S 
contain s a  se t  o f  discours e referents ,  an d a  se t  o f  condition s 
normall y displaye d a s i n (1 )  whic h represent s th e utteranc e 
Doug love s Carol : 

(1 ) 

Doug (x ) 
Caro l  (y ) 
X love s y 

DRT can explain uses of the plural pronoun where it refers 
t o a  previousl y mentione d se t  (sinc e thi s woul d b e availabl e 
as a  discours e referen t  i n th e D R S ) ,  o r  t o a  se t  whic h ca n b e 
doive d fro m singula r  entitie s alread y mentione d usin g th e 
processe s o f  summatio n an d abstraction ,  whic h allo w u s t o 
refe r  t o Dou g an d Caro l  wit h the y i n th e exampl e above ,  fo r 
instance . 

As w e shal l  illustrat e belo w thi s standar d machiner y 
withi n D R T i s no t  capabl e o f  accountin g fo r  complemen t 
set  anaphora .  Th e thrus t  o f  thi s pape r  i s  tha t  th e 
understandin g o f  th e broa d rang e o f  anaphori c phenomen a 
depend s upo n th e developmen t  o f  a n accoun t  base d o n 
knowledg e base d inference . 

Complement Set Reference 

I n severa l  studies ,  Moxe y an d Sanfor d (1987 ;  1993a ; 
Sanford ,  Moxe y &  Paterson ,  1996 )  hav e show n tha t 
negativ e quantifier s giv e ris e t o diffus e pattern s o f  reference. 
The y presente d subject s wit h quantifie d sentences ,  an d 
invite d the m t o writ e continuatio n sentence s whic h w o e 
heade d b y th e pronou n They .  Th e result s showe d tha t  fo r 
negativ e quantifier s (suc h a s few) ,  a  hig h proportio n o f 
continuation s appeare d t o refer  t o wha t  M o x e y an d Sanfw d 
terme d th e Complemen t  Set .  Th e contras t  i s  betwee n (2 ) 
and (3) : 

(2) A few members of parliament were at the meeting. 
The y talke d abou t  th e Educatio n Bill . 

(3) Few members of parliament were at the meeting. 
The y wer e ou t  wit h thei r  secretarie s instead . 

In (2), They refers to the MPs who were at the meeting, 
whil e i n (3) ,  i t  appear s t o refe r  t o thos e M P s w h o wer e no t 
at  th e meeting .  Subject s report s o f  intende d reference 
supporte d thi s interpretation .  I n exampl e (2 )  wher e The y 
refer s t o th e subse t  o f  M P s w h o wer e a t  th e meeting ,  Moxe y 
and colleague s us e th e ter m referenc e subse t  o r  refset , 
whil e i n (3 )  The y refer s t o th e complemen t  subse t  o r 
C o m p s e t . 

Th e result s o f  th e studie s b y M o x e y an d he r  colleague s 
hav e a  numbe r  o f  principa l  features .  First ,  positiv e 
quantifier s giv e ris e t o th e compse t  patter n onl y ver y rarely . 
I n contrast ,  negativ e quantifier s giv e rise  t o a  mixtur e o f 
compse t  continuation s an d refse t  continuations .  Thu s th e 
reference  patter n fo r  negative s i s mor e diffuse .  Th e secon d 
featur e i s tha t  th e incidenc e o f  compse t  reference  i s  increase d 
by th e us e o f  th e connectiv e because ,  a s i n (4) : 

(4) Few members of Parliament were at the meeting 
becaus e the y 

Thirdly,  compset references occur with negative quantifiers 
whic h denot e a  ful l  rang e o f  possibl e proportions .  Thu s 
the y ar e jus t  a s prevalen t  a  respons e t o sentence s includin g 
Not  quit e al l  X  a s the y ar e t o thos e includin g Hardl y an y X . 
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Finally ,  ther e ar e n o systemati c (reliable )  difference s i n th e 
incidenc e o f  apparen t  compse t  reference  a s a  functio n o f 
proportion s denote d b y quantifiers :  A n illustrativ e sampl e i s 
shown i n Tabl e 1 ,  (take n fro m Sanfor d e t  al. ,  1996) . 

Table 1: Proportions of reference types for quantifiers 
denotin g varyin g proportions . 

Quantifie r 
A fe w 
Mor e tha n hal f 
nearl y al l 

Few 
Les s tha n hal f 
Not  quit e al l 

refse t 
1. 0 
.9 0 
.9 7 

.2 7 

.2 5 

.1 3 

compse t 
0 
0 
0 

.6 7 

.6 4 

.6 3 

othe n 
0 

.0 1 

.0 3 

.0 6 

.1 1 

.2 4 

C o m p l e m e n t  Set s i n F o r m a l  A n a l y s e s 

Formal  approache s relatin g quantificatio n t o anaphor a rang e 
fro m Discours e Representatio n Theor y (DRT ;  K a m p & 
Reyle ,  1993 )  throug h t o th e semantic s o f  quantifier s pe r  se . 
Withi n D R T ,  onl y superset s an d explicitl y  introduce d 
subset s (correspondin g t o th e Refset )  ca n occu r  a s discours e 
antecedents ,  thi s bein g sufficien t  fo r  a  truth-functiona l 
semanti c account s o f  quantifier s (e.g. ,  Corblin ,  1997 ; 
Guerts ,  i n press ;  Percus ,  Gibso n &  Tunstall ,  1997) .  Ther e 
i s n o operatio n correspondin g t o set-subtractio n i n whic h th e 
Superse t  minu s th e Referenc e se t  come s t o b e represented . 
Historically ,  th e empirica l  suppor t  i n favou r  o f  thi s come s 
fro m th e well-know n "marbles "  example ,  wher e th e us e o f 
They i n (5 )  i s  infelicitous .  However ,  Eigh t  o f  th e te n i s no t 
negative ,  s o th e exampl e doe s no t  conflic t  wit h ou r  o w n 
claims : 

(5) Eight of the ten marbles are in the bag. They are 
unde r  th e sofa . 

The apparent conflict between the original Moxey and 
Sanfor d observation s an d thi s interpretatio n o f  D R T ha s 
give n ris e t o a  numbe r  o f  reactions .  O n e i s t o den y th e 
existenc e o f  Complemen t  Se t  referenc e a s a  reality .  I t  i s 
perfectl y wel l  accepte d tha t  ther e i s a  mor e diffus e patter n o f 
referenc e wit h negativ e quantifiers ,  bu t  no t  tha t  ther e i s 
compset  reference .  Thu s Corbli n (1997 )  ha s claime d tha t 
what  appear s t o b e compse t  referenc e m a y b e reference  t o a 
set  i n general .  Fo r  instance ,  give n (3) ,  i t  m a y simpl y b e th e 
cas e tha t  i n general ,  M P s wer e ou t  wit h thei r  secretaries . 
However ,  w e hav e argue d i n Sanfor d e t  al .  (1996 )  tha t  eve n 
i f  thi s ma y b e tru e i n som e instances ,  i t  canno t  b e tru e i n 
general ,  a s show n b y th e occurrenc e o f  case s lik e (6 )  i n th e 
data : 

(6) Not quite all of the fans went to the game. They 
watche d i t  o n T V instead . 

Here what is true of the compset cannot be true of the fans 
i n genera l  (sinc e the y canno t  b e sai d t o b e generall y 
watchin g i t  o n T V instead) .  I n addition ,  M o x e y an d he r 
colleague s alway s gav e subject s th e chanc e t o choos e th e 

superse t  i n genera l  a s thei r  "intende d referent" ,  an d thi s 
categor y wa s rarel y used . 

A mor e sophisticate d versio n o f  th e generalisatio n 
argumen t  ha s bee n pu t  forwar d b y Percu s e t  al .  (1997 )  an d 

Guert s (i n press )  an d i s restricte d t o th e treatmen t  o f 
predicate s whic h ca n tak e a  collectiv e reading ,  a s i n (7) : 

(7) Not quite all of the cows gave milk. Their 
unproductivit y wa s a  ba d omen . 

Since unproductivity is a property of the herd as a whole, it 
i s no t  necessar y fo r  al l  o r  eve n mos t  o f  th e cow s t o b e 
unproductiv e fo r  th e her d t o b e unproductive .  I f  onl y 1 0 % 
of  th e cow s produce d n o milk ,  th e her d coul d stil l  b e deeme d 
unproductive .  Again ,  whil e thi s m a y accoun t  fo r  som e 
instance s o f  possibl e compse t  reference ,  i t  canno t  accoun t 
fo r  compse t  referenc e i n general ,  a s evidence d b y (6) ,  fo r 
instance .  Th e fac t  tha t  subject s seldo m checke d th e Set-in -
genera l  optio n a s thei r  intende d referen t  applie s her e also . 
We conclud e tha t  compse t  referenc e canno t  b e dismisse d i n 
thi s way ,  an d s o canno t  b e accommodate d withi n th e D R T 
( K a m p &  Reyle ,  1993 )  framework . 

Othe r  semanticist s (Kibble ,  1997 ;  Devlin ,  1997 )  hav e 
accepte d compse t  referenc e a s a  reality ,  an d hav e trie d t o 
explai n i t  wit h mino r  alteration s t o existin g frameworks . 
Devli n suggest s th e introductio n o f  a  ne w rul e int o D R T , 
Distraction .  Thi s work s i n a  simila r  wa y t o abstraction ,  bu t 
i s base d o n th e negatio n o f  th e predicat e i n th e quantifie d 
statement ,  rathe r  tha n o n th e predicat e itsel f  Afte r  a 
sentenc e lik e F e w o f  th e childre n left ,  Distractio n ca n b e 
applie d t o yiel d th e se t  o f  childre n w h o di d no t  leave ,  whic h 
i s a  straightforwar d negatio n o f  th e predicate .  Thi s i s a 
simpl e manoeuvr e admittin g a  complemen t  se t  t o th e grou p 
of  possibl e discours e entities . 

Kibbl e (1997 )  take s a  differen t  approach ,  takin g u p va n 
den Berg' s (1996 )  proposa l  tha t  monoton e decreasin g 
quantifier s ca n b e modelle d a s negation s o f  monoton e 
increasin g ones .  H e consider s th e possibilit y  tha t  an y on e 
monoton e decreasin g quantifie r  m a y hav e mor e tha n on e 
monoton e increasin g quantifie r  a s it s  counterpart .  Kibbl e 
point s t o wor k b y Zwart s (1996 )  o n th e relationshi p 
betwee n sentenc e negatio n an d predicat e negation .  Thu s fo r 
exampl e th e complemen t  o f  a  quantifie r  (-Q )  i s th e opposit e 
of  th e quantifie r  itself ;  les s tha n 2 0 % become s 2 0 % o r 
more ,  an d no t  al l  become s all .  Thi s relate s t o Kibble' s 
externa l  negation ,  accordin g t o whic h (8 )  translate s t o (8') . 
Th e contradua l  (Q- )  i s  th e par t  o f  th e overal l  se t  no t  denote d 
by th e quantifier .  Fo r  example ,  les s tha n 2 0 % become s 
8 0 % o r  more ,  no t  al l  become s some ,  an d s o on .  Wit h thi s 
interna l  negation ,  (8 )  translate s t o (8") : 

(8) Few of the MPS were at the meeting. 

(8') It is not the case that the set of MPs who came to 
th e meetin g wa s a  se t  o f  -fe w o f  th e M P s (wher e 
-fe w i s th e externa l  negatio n o f  few) . 

(8")Th e se t  o f  M P s w h o di d no t  c o m e t o th e meetin g 
was a  se t  few -  o f  th e M P s (wher e few -  i s th e 
interna l  negatio n o f  few) . 
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Kibbl e argue s tha t  interna l  an d externa l  negatio n resul t  i n 
statement s whic h hav e th e sam e trut h conditions ,  bu t  whic h 
lea d t o differen t  possibilitie s fo r  anaphori c reference .  Thu s 

externa l  negatio n (8' )  migh t  b e followe d b y a  pronou n 
referrin g t o th e refse t  o r  t o th e se t  o f  M P s generally ;  interna l 
negatio n (8" )  migh t  b e followe d b y a  pronou n referrin g t o 

th e se t  o f  M P s generall y o r  t o th e compset .  Dependin g o n 
th e typ e o f  negatio n interprete d fro m (8 )  i t  i s  therefor e 
possibl e t o refe r  t o th e refset ,  th e compset ,  o r  th e se t 
generall y wit h a  simpl e plura l  pronoun . 

Problems 

I n ou r  vie w ther e ar e tw o basi c problem s fo r  th e forma l 
account s outline d above .  Th e first  i s  tha t  the y rel y o n th e 
ide a tha t  th e plura l  pronou n the y ca n refe r  t o th e compse t 
wher e th e compse t  i s th e overal l  se t  minu s th e refset .  I n 
fac t  ther e ar e man y mor e possibilities : 

(9) Few football fans were at the match. They had 
bee n playin g reall y badl y recently ,  (on e o f  ou r 
subject s completion s from  th e stud y reporte d i n 
1987) . 

(10) Few carol singers came to my door last night. 
The y wer e al l  doubl e glazin g salesmen . 

In (9) They refers to the football team supported by the fans 
(accordin g t o ou r  subject) ,  a  referen t  clearl y accessibl e from 
th e scenari o bu t  no t  fto m th e set s mentione d i n th e text .  I n 
(10 )  The y refer s t o th e se t  o f  peopl e w h o cam e t o m y doo r 
w ho wer e no t  caro l  singers .  I n orde r  t o acces s thi s se t  w e 
hav e t o mak e us e o f  th e knowledg e tha t  caro l  singer s ar e a 
subse t  o f  a  se t  whic h cam e t o m y door .  A s wit h (9 )  thi s 
involve s specifi c  worl d knowledge . 

Eve n i f  w e ignor e case s suc h a s (9 )  an d (10 )  wher e th e 
pronou n refer s t o a  se t  no t  directl y relate d t o th e initia l  nou n 
phrase ,  ther e ar e stil l  problem s wit h th e ide a tha t  th e 
compse t  i s th e overal l  se t  minu s th e refset .  On e restrictio n 
whic h Kibbl e place s o n interna l  negatio n i s tha t  i t  ca n onl y 
be calculate d fo r  proportiona l  quantifier s an d no t  numeri c 
one s suc h a s les s tha n 5 .  Thi s i s becaus e fo r  hi s forma l 
definitio n t o wor k w e mus t  b e abl e t o calculat e th e valu e o f 
th e overal l  se t  minu s th e refset .  I n th e experimen t  whic h w e 
repor t  i n th e nex t  sectio n w e teste d th e hypothesi s tha t 
subject s woul d produc e mor e compse t  reference s afte r  a 
proportiona l  quantifier ,  suc h a s les s tha n 5 % tha n afte r  th e 
equivalen t  numeri c one ,  les s tha n 5 .  Th e experimen t 
include d th e expression s les s tha n 5  an d fewe r  tha n 5  bot h o f 
whic h ar e considere d b y Kibbl e (1997 )  t o rul e ou t  compse t 
reference. 

A secon d proble m fo r  th e forma l  account s abov e i s tha t 
ther e ar e man y factors ,  linguisti c an d non-linguisti c whic h 
appea r  t o influenc e th e exten t  t o whic h subject s produc e 
compse t  continuations .  Kibble' s analysi s specifie s tha t 
thos e quantifier s whic h licens e compset s ar e monoton e 
decreasing ,  whil e Devli n suggest s tha t  i t  wil l  follo w from 
quantifier s whic h ar e negative :  indeed ,  sh e eve n suggest s tha t 
i t  i s  negativit y an d no t  th e propert y monoton e decreasin g 
whic h license s compse t  reference . 

As w e hav e show n (e.g. ,  tabl e 1) ,  compse t  referenc e i s no t 
th e inevitabl e outcom e o f  eithe r  negativ e o r  monoton e 
decreasin g quantifiers ;  sometime s refse t  reference s occur , 

althoug h ther e i s scan t  evidenc e fo r  compset s eve r  occurrin g 
wit h positive ,  monoton e increasin g quantifier s (e.g .  Moxe y 
& Sanford ,  1987) .  Althoug h Kibbl e propose s a  mean s b y 

whic h th e variou s subset s migh t  b e accessibl e fo r  anaphori c 
reference,  h e doe s no t  explai n wh y on e quantifie r  lead s t o 
one typ e o f  reference  mor e frequently  tha n another .  I n th e 
followin g experimen t  w e compare d th e expression s liste d i n 
tabl e 2  fo r  compse t  continuations .  W e wil l  thu s compar e 
absolut e versu s proportiona l  quantifier s an d larg e versu s 
smal l  quantifier s (sinc e th e siz e o f  th e subse t  indicate d b y 
th e quantifie r  i s  know n t o hav e som e influenc e th e frequency 
of  compse t  reference) .  Th e basi c expression s use d i n th e 
experimen t  wer e A t  most ,  N o mor e than ,  les s tha n an d fewe r 
than .  A t  mos t  wa s include d a s Kibbl e (1997 )  ha s argue d 
tha t  i t  ma y b e a n exampl e o f  a  monoton e decreasin g 
quantifie r  whic h doe s no t  lea d t o focu s o n th e compse t  i.e .  a 
proble m fo r  Kibble' s o w n account .  Les s tha n an d fewe r 
tha n wer e include d t o provid e a  baselinea s wel l  a s t o allo w a 
tes t  o f  whethe r  absolut e number s produc e compse t 
references. 

Experiment 

M e t h o d 

Subject s wer e 25 7 undergraduate s a t  th e Universit y o f 
Glasgo w w h o volunteere d t o complet e th e sentences. '  Eac h 
subjec t  complete d onl y 1  sentenc e s o tha t  the y woul d b e 
unawar e o f  th e variable s bein g manipulated .  Subject s wer e 
aske d t o complet e on e o f  th e followin g sentences ,  wher e Q 
was on e o f  th e 1 6 quantifier s liste d i n tabl e 2 : 

Q guests dressed up for the party 

or 

Q student s attende d th e rally . 

Approximately 15 subjects were presented with each 
quantifier .  Thes e particula r  sentence s wer e chose n becaus e 
the y wer e considere d t o b e neutra l  wit h respec t  t o th e 
number  o f  guest s o r  student s on e woul d expec t  t o dres s u p 
or  t o attend . 

As wit h previou s studie s subject s wer e invite d t o tur n th e 
pag e afte r  completin g thei r  sentence .  The y wer e the n aske d 
t o indicat e th e referen t  o f  th e plura l  pronou n from  thei r 
sentenc e b y circlin g on e o f  th e following : 

(i) the guests who dressed up for the party (or the 
student s w h o attende d th e rally) . 

(ii )  th e guest s w h o di d no t  dres s u p fo r  th e part y (o r  th e 
student s w h o di d no t  atten d th e rally) . 

(iii )  th e guest s (o r  students )  i n genera l 
(iv )  othe r 

'We woul d lik e t o than k Katharin e Youn g an d Mitchel l  T . 
Well s wh o conducte d thi s experimen t  unde r  th e supervisio n o f 
th e first  author . 
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Clearl y  (i )  correspond s t o th e refset ;  (ii )  correspond s t o th e 
compset ;  an d (iii )  coiresprand s t o th e se t  i n general .  I f  (iv ) 
was circle d th e subjec t  wa s aske d t o specif y wha t  The y 
refoie d t o i n thei r  sentence .  T w o independen t  judge s 
categorise d sentence s a s above .  Wher e th e judge s di d no t 
agre e tha t  th e subject s us e o f  th e pronou n wa s consisten t 
wit h th e categor y th e subjec t  ha d circled ,  th e sentenc e wa s 
place d i n th e "other "  category . 

Results 

The result s ar e show n i n tabl e 2 . 

Table 2 - The percentage of subjects who completed 
sentence s wit h plura l  pronoun s referrin g t o th e 
compse t  i.e .  categor y (ii )  completion s 

Expressio n 

At  mos t  5 % 

At  mos t  8 0 % 

At  mos t  1/ 4 

At  mos t  3/ 4 

No mor e tha n 5 % 

No mor e tha n 8 0 % 

No mor e tha n 5 

No mor e tha n 8 0 

les s tha n 5 % 

les s tha n 8 0 % 

les s tha n 5 

les s tha n 8 0 

fewe r  tha n 5 % 

fewe r  tha n 8 0 % 

fewe r  tha n 5 

fewe r  tha n 8 0 

% Compse t 

18% 
0% 
5% 
0% 
54 % 
27 % 
50 % 
23 % 
45 % 
60 % 
25 % 
35 % 
50 % 
50 % 
36% 
50 % 

% othe r 

82 % 
100% 
95 % 
100% 
46 % 
73 % 
50 % 
77 % 
55 % 
40 % 
75 % 
65 % 
50 % 
50 % 
64 % 
50 % 

Give n th e variatio n eviden t  i n tabl e 2  i t  wa s clea r  tha t  a t 
leas t  tw o factor s influence d ou r  data .  Chi-squar e 
comparison s carrie d ou t  o n th e frequency  o f  compse t 
continuation s revea l  a t  mos t  wa s followe d b y significantl y 
fewe r  compse t  reference s tha n th e other s (x^=37.32 ,  d.f. = 3 , 
p«.001 )  -  thoug h w e shoul d not e tha t  ther e wer e som e 
compset  reference s afte r  a t  mos t  5 % an d a t  mos t  1/4 . 
Proportion s ar e mor e frequently  followe d b y a  compse t 
referenc e compare d t o absolut e number s (x^=4.58 ,  d.f. = 1 , 
p<.05) .  Althoug h th e differenc e betwee n hig h an d lo w 
denotin g expression s wa s no t  significan t  i n thi s study ,  th e 
differenc e i s i n th e expecte d directio n an d previou s studie s 
hav e show n tha t  thi s ca n b e a  facto r  (se e M o x e y an d Sanfor d 
1993a) . 

Conclusion and Discussion 

Our  result s indicat e tha t  a t  mos t  lead s t o fewe r  compse t 
reference s tha n th e othe r  quantifiers .  Indee d th e onl y tw o 
expression s whic h di d no t  lea d t o an y compse t  references 
wer e a t  mos t  8 0 % an d a t  mos t  3/4 .  Th e othe r  expression s 
le d t o compse t  reference s betwee n 5 % an d 6 0 % o f  th e time . 
However  Kibble' s (1997 )  conjectur e tha t  a t  mos t  woul d no t 
lea d t o compse t  referenc e a t  al l  i s simpl y no t  correct . 

I t  i s als o clea r  tha t  ther e ar e mor e compse t  reference s whe n 
th e quantifie r  i s  proportiona l  rathe r  tha n numeric . 
Nevertheles s 2 4 % o f  subjec t  continuation s afte r  numeri c 
quantifier s referred  t o th e compset .  Give n tha t  fo r  Kibbl e 
compse t  reference  i s onl y possibl e throug h interna l 
negatio n a s i n (8" )  thi s dat a present s a  problem . 

Whil e Kibble' s definition s o f  externa l  an d interna l 
negatio n d o allo w fo r  som e variatio n i n wha t  i s referre d t o 
usin g a  plura l  pronou n afte r  quantifie d statements ,  hi s 
accoun t  doe s no t  explai n w h y on e negativ e expressio n 
cause s greate r  focu s o n th e compse t  tha n othe r  negativ e 
quantifiers .  No r  doe s i t  explai n w h y th e sam e negativ e 
quantifie r  i s mor e likel y t o lea d t o focu s o n th e compse t  i n 
one situatio n tha n another .  Fo r  example ,  M o x e y an d 
Sanfor d (1987 )  showe d tha t  connective s followin g quantifie d 
statement s ha d a n impac t  o n th e incidenc e o f  complemen t 
sets . 

Dowt y (1994 )  ha s take n a  rathe r  differen t  approac h from 
othe r  forma l  thinkers ,  arguin g tha t  onl y positiv e quantifier s 
allo w anaphora ,  an d tha t  monoton e decreasin g quantifier s d o 
not  licens e anaphor a a t  all ;  compse t  referenc e i s i n Dowty' s 
vie w a  pragmati c phenomenon ,  i n whic h a  se t  i s  generate d 
t o accommodat e a  compse t  o n th e basi s o f  pragmatics .  Th e 
exac t  mean s b y whic h thi s migh t  occu r  i s lef t  open . 
Nevertheles s i t  i s ou r  o w n vie w tha t  pragmati c informatio n 
i s crucia l  t o th e understandin g o f  thi s typ e o f  anaphor a 
resolution .  Pragmati c informatio n m a y explai n difference s 
i n th e incidenc e o f  compse t  referenc e betwee n compse t 
licensin g quantifier s an d betwee n interpretation s o f  th e sam e 
quantifie r  i n differen t  situations ,  an d i t  i s  wit h thi s i n min d 
tha t  th e accoun t  outline d i n th e followin g sectio n wa s 
developed . 

An Inference based account 

We propos e tha t  whe n sentence s ar e interprete d a s part s o f 
discourse ,  the y initiall y  se t  u p pattern s o f  inferenc e whic h 
the n giv e rise  t o set s whic h m a y b e referre d to .  I n th e 
presen t  case ,  thi s ca n b e illustrate d wit h negativ e quantifiers . 
I t  i s recognise d tha t  negative s asser t  denial s o f  supposition s 
(Clark ,  1976) ,  an d M o x e y an d Sanfor d (1993b )  showe d tha t 
negativ e quantifier s d o indee d appea r  t o den y a n expectation . 
For  example ,  no t  m a n y wa s show n t o generat e th e 
expectatio n tha t  mor e migh t  wel l  b e considere d reasonable , 
but  tha t  thi s wa s simpl y no t  th e case .  I n term s o f  th e 
patter n o f  inference s whic h i s generate d b y a  negativ e 
quantifier ,  w e propos e tha t  th e processo r  i s se t  t o determin e 
w hy th e expectatio n wa s no t  met .  Fo r  instance ,  give n 
sentenc e (11 )  th e processo r  generate s a n implici t  questio n o f 
w hy s o fe w fan s went : 

(11) not many fans went to the match. 

In a continuation task, a subject writing a continuation to 
(11 )  migh t  wel l  writ e abou t  wha t  i t  wa s tha t  affecte d th e 
fan s suc h tha t  the y di d no t  atten d th e match .  Give n 
whateve r  reaso n o r  se t  o f  reason s th e subjec t  come s u p with , 
focu s m a y o r  m a y no t  b e o n th e se t  o f  fan s w h o wer e no t 
there .  Th e plura l  pronou n simpl y refer s t o a  se t  o f  entitie s 
i n focus . 
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W h en interpretin g tex t  produce d b y others ,  peopl e expec t 
t o hea r  abou t  certai n thing s give n tha t  certai n other s hav e 
bee n introduced .  Thu s i f  I  hea r  tha t  no t  man y o f  th e fan s 
wer e a t  th e match ,  I  expec t  t o b e give n a  reason ,  o r  perhap s 
a consequenc e fo r  thi s sa d stat e o f  affairs .  Al l  sort s o f 
possibl e reasons ,  consequences ,  etc .  migh t  c o m e t o min d 
and th e mos t  likel y referen t  fo r  a  plura l  pronou n wil l  b e th e 
on e mos t  associate d wit h thes e reason s o r  consequences . 

Dat a whic h w e hav e collecte d i n on-lin e studie s support s 
thi s vie w (Paterson ,  Sanford ,  M o x e y ,  an d Dawydiak ,  i n 
press) .  Tha t  is ,  whil e pronoun s followin g positiv e 
quantifier s ar e processe d mor e quickl y tha n thos e followin g 
negativ e quantifiers ,  mismatche s ar e mor e ofte n notice d an d 
notice d soone r  whe n the y follo w a  positiv e quantifier .  Afte r 
a positiv e quantifie d statemen t  th e reasons ,  consequence s o r 
likel y nex t  statement s al l  concer n th e refset .  Th e refse t  i s 
therefor e ver y likel y t o b e th e referen t  o f  an y plura l  pronou n 
whic h come s up ,  an d th e pronou n wil l  b e resolve d ver y 
quickly .  I f  i t  turn s ou t  tha t  th e pronou n doe s no t  mak e 
sens e whe n use d t o refer  t o th e refse t  a s i n (12) ,  the n th e 
processo r  run s int o trouble : 

(12) A few of the MPs attended the meeting. Their 
absenc e helpe d th e meetin g ru n smoothly . 

After a negative quantified statement the reasons, 
consequence s an d s o o n ar e m u c h mor e diffiise .  Ther e m a y 
be severa l  potentia l  set s o f  peopl e o r  thing s involved .  I f 
ther e ar e m a n y reason s involvin g on e particula r  se t  (e.g .  th e 
compset )  the n thi s wil l  b e a  preferre d referen t  fo r  a  pronoun , 
but  i t  i s  m u c h mor e likel y tha t  th e processo r  wil l  hol d of f 
o n an y definit e resolutio n unti l  th e predicat e o f  th e secon d 
sentenc e i s processed .  Fo r  thi s reaso n th e processo r  wil l  b e 
slowe r  t o realis e w h e n th e pronou n doe s no t  refe r  t o th e 
compse t  eve n i n a  situatio n wher e compse t  continuation s ar e 
normall y produce d b y subjects . 

Our  vie w i s als o consisten t  wit h th e finding  tha t  th e sam e 
quantifie r  ca n var y fro m on e situatio n t o th e othe r  wit h 
respec t  t o th e numbe r  o f  compse t  references  i t  generates . 
Thu s w e woul d argu e tha t  althoug h (13 )  belo w migh t  lea d 
peopl e t o focu s o n reason s w h y th e fan s di d no t  g o t o th e 
match ,  an d (14 )  migh t  lea d the m t o focu s o n w h y th e 
childre n di d no t  ea t  thei r  ice-cream ,  th e kind s o f  inferenc e 
whic h becom e availabl e i n th e interpreter s hea d wil l  no t  b e 
th e sam e i n eac h case .  Thu s whil e (13 )  i n on e stud y 
produce d aroun g 6 0 % compse t  continuations ,  (14 )  produce d 
ove r  9 0 % (Moxe y an d Sanford ,  1993a) .  Perhap s al l  th e 
reason s tha t  subject s ca n thin k o f  w h y childre n d o no t  ea t 
ice-crea m involv e th e se t  o f  childre n w h o di d no t  ea t  it. ^ 
Give n th e expectatio n tha t  childre n d o ea t  ice-crea m i t  woul d 
be har d t o c o m e u p wit h a  reaso n fo r  no t  eatin g i t  i n term s 
of  thos e w h o di d (the y wer e determine d t o ea t  it?) .  O n th e 
othe r  han d w e d o no t  hav e stron g expectation s abou t 
attendanc e a t  a  footbal l  matc h sinc e w e don' t  k n o w i f  th e 
tea m i s popula r  o r  i f  th e matc h i s a n importan t  one .  Th e 

'  I n fac t  i t  i s  quit e likel y tha t  i f  th e subject s ha d no t  bee n 
force d t o continu e afte r  th e plura l  pronou n the y woul d hav e 
continue d wit h "I t  wa s yucky "  sinc e thi s migh t  b e a  c o m m o n 
reaso n fo r  no t  eatin g ice-cream . 

violatio n indicate d b y th e quantifie r  i s  m u c h les s convincin g 
and peopl e ma y focu s o n inference s whic h ar e no t  reason s 
but  consequences ,  fo r  exampl e o f  th e smal l  numbe r 
attending .  Thi s mean s tha t  ther e i s mor e tha n on e se t 

availabl e fo r  referenc e an d ther e m a y b e fewe r  compse t 
continuations . 

(13) Few fans were at the match. They... 
(14 )  F e w childre n at e thei r  ice-cream .  They.. . 

All monotone decreasing expressions make assertions 
whic h coul d b e considere d denial s o f  possibl e state s o f 
affairs .  So ,  i f  w e hea r  tha t  n o mor e tha n 1 0 fan s wen t  t o th e 
match ,  par t  o f  th e patter n o f  inferenc e generate d migh t  b e th e 
implici t  questio n o f  w h y no t  mor e tha n 1 0 went .  However , 
additiona l  question s m a y wel l  b e generated .  Fo r  example , 
w hy woul d a  speake r  selec t  10 ,  w h y no t  simpl y sa y hardl y 
an y fan s instead ? Followin g thi s lin e o f  reasonin g w e 
sugges t  tha t  althoug h monoton e decreasin g expression s lea d 
t o denials ,  th e exac t  wa y i n whic h the y ar e worde d i s no t 
incidental ,  an d m a y wel l  produc e differen t  pattern s o f 
inference .  W e propos e tha t  th e stronges t  trigger s o f  denia l 
ar e explici t  negative s an d thes e wil l  lea d t o th e highes t 
incidenc e o f  compse t  reference . 

A n analysi s o f  th e conten t  o f  th e continuation s associate d 
wit h complemen t  se t  referenc e show s mos t  o f  the m t o b e 
explanation s o f  denial s o f  expectation .  Not e howeve r  tha t 
ther e i s nothin g i n ou r  accoun t  whic h mean s tha t  compse t 
references  ar e dependen t  upo n thi s typ e o f  continuation . 
Indee d w e hav e als o foun d compse t  reference s i n situation s 
wher e n o explanatio n i s m a d e b y th e subject : 

(15) Few of the children hated Santa Claus. They left 
hi m plent y o f  mil k an d cookies . 

In (15) no norm has been violated (we do not expect children 
t o hat e Sant a Claus) ,  an d s o a n explanatio n i s no t  i n order . 
Nevertheles s th e continuatio n concern s thos e childre n wh o 
do no t  hat e Sant a Clau s -  a  consequenc e o f  thei r  likin g fo r 
him .  I n thi s situatio n a  reaso n fo r  violatio n i s likel y t o b e a 
reaso n w h y thos e w h o hat e Sant a hat e hi m (i.e .  th e refset) . 

I t  i s  als o clea r  fro m ou r  dat a tha t  quantifier s lea d subject s 
t o focu s o n th e compse t  t o differen t  extent s regardles s o f  th e 
situation .  Hardl y an y lead s t o mor e compse t  continuation s 
tha n fe w fo r  example .  I n ou r  vie w thi s i s becaus e ead i 
quantifie r  lead s u s t o m a k e a  slightl y differen t  se t  o f 
inference s b y markin g th e informatio n conveye d b y th e 
quantifie d statemen t  i n a  slightl y differen t  way .  W e woul d 
predic t  tha t  th e degre e t o whic h som e quantifier s constrai n 
our  thought s abou t  wha t  wil l  b e sai d nex t  varies . 

Thu s w e woul d argu e tha t  th e compse t  phenomeno n i s a 
sid e effec t  o f  th e inference s whic h w e ar e le d t o focu s o n a s 
we proces s text .  W e woul d furthe r  predic t  tha t  sinc e thi s i s 
th e cas e th e contex t  o f  a  positiv e quantifie d statemen t  coul d 
possibl y lea d t o compse t  reference .  W e observe d on e cas e 
fro m a  recen t  experimen t  (unpublishe d data )  wher e subject s 
wer e tol d tha t  th e tex t  concerne d nursin g staf f  a t  a  Geriatri c 
hospital : 

738 



(16 )  O f  th e 40 0 nursin g staf f  employe d a t  th e hospital ,  a 
fe w nurse s appea r  t o lik e children .  The y see m mor e relaxed 
wit h olde r  people . 

Our subject checked the compset category as the referent for 
They .  Sinc e w e wer e deliberatel y tryin g t o elici t  compse t 
references ,  w e fel t  tha t  subject s migh t  misrea d a  fe w as/e w , 
and s o afte r  checkin g th e referen t  fo r  The y subject s wer e 
invite d t o tur n th e page .  Withou t  lookin g bac k the y wer e 
aske d t o stat e whic h o f  th e followin g expression s ha d 
speare d i n th e sentenc e the y ha d completed ;  a  few ,  few , 
onl y a  few ,  no t  man y o r  hardl y any .  A  previou s stud y o n 
memory fo r  quantifier s indicate s tha t  subject s ar e likel y t o 
confus e positiv e quantifier s wit h othe r  positiv e quantifier s 
and negativ e quantifier s wit h othe r  negativ e quantifiers . 
Hence i f  ou r  subjec t  ha d misrea d th e quantifie r  a s a  negativ e 
quantifie r  h e o r  sh e shoul d chec k an y bu t  th e firs t  o f  th e 
quantifier s listed .  Ou r  subjec t  circle d a  few ,  indicatin g tha t 
th e quantifie r  i n th e firs t  statemen t  ha d bee n rea d correcd y . 
Aldioug h thi s wa s jus t  on e subjec t  ou t  o f  2 0 (th e othe r  al l 
produce d refse t  o r  genera l  continuations )  w e woul d argu e tha t 
i t  support s ou r  argument .  Complemen t  se t  reference  t o 
positive s doe s occur ,  bu t  ca n onl y b e explaine d i n term s o f 
pragmatics . 

Conclusion 

The demonstratio n o f  compse t  referenc e license d b y 
monoton e decreasin g quantifier s ha s bee n considere d a 
proble m fo r  som e forma l  account s o f  anaphora ,  suc h a s 
Discours e Representatio n Theory .  On e respons e ha s bee n t o 
clai m tha t  compse t  referenc e doe s no t  occur ,  rathe r  wha t 
appear s t o b e compse t  reference  i s reall y a  reference  t o th e 
set  i n general .  Thi s approac h doe s no t  explai n th e ful l  rang e 
of  sentenc e type s generate d i n continuatio n task s however . 
Some formalists ,  notabl y Kibbl e (1997 )  an d Devli n (1997 ) 
have accepte d th e phenomeno n a s rea l  an d hav e attempte d t o 
develo p way s i n whic h complemen t  set s ma y becom e 
availabl e withi n th e machiner y o f  th e semanti c analysi s o f 
quantifiers ,  an d D R T respectively . 

Whil e thes e treatment s ar e concerne d wit h way s o f 
representin g th e possibilit y  o f  compsets ,  the y d o no t  explai n 
why th e incidenc e o f  compse t  reference s varie s widel y wit h 
quantifie r  types ,  whe n thos e quantifier s ar e monoton e 
decreasing .  I n Kibbles '  case ,  h e argue s tha t  expression s 
containin g number s rathe r  tha n proportion s shoul d no t 
produc e compse t  references .  Thi s i s empiricall y falsified . 
No-on e ha s give n an y seriou s consideratio n t o th e 
possibilit y  tha t  positiv e expression s coul d yiel d compsets , 
yet  ther e i s no w a  littl e evidenc e tha t  thi s to o i s possible . 

The variabilit y  o f  incidenc e o f  compse t  referenc e no t 
specificall y addresse d b y forma l  theorie s (bu t  no t 
incompatibl e wit h Kibbles '  approach) ,  an d i s illustrate d 
dramaticall y i n th e presen t  experiment .  Th e Inference -
Drive n accoun t  whic h w e offe r  assume s tha t  th e set s whic h 
become available ,  an d i n focus ,  ar e determine d b y fields  o f 
inferenc e generate d b y th e quantifie d statements .  Thi s ca n b e 
readily  illustrate d wit h respect  t o negativ e quantifiers ,  an d 
offer s a  framewor k wit h whic h th e variabilit y  migh t  b e 

explored . 

A final  commen t  w e shoul d mak e i s tha t  relianc e o n 
intuitio n regardin g th e possibilit y  o f  compse t  referenc e i s 
demonstrabl y fallacious . 
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