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Interpretatio n o f  Quantifie r  Scop e Ambiguit ie s 

Howard S. Kurtzman Maryellen C. MacDonald 

Cornel l  Universit y Carnegi e Mello n Universit y 

A sentence like (1) exhibits a quantifier scope ambiguity: 

(1 )  Ever y ki d climbe d a  tree . 

It s meanin g ma y correspon d t o eithe r  o f  th e logica l  structure s represente d i n 12 1 an d (3) . 

(2 1 ( V x )  ( 3 y )  ( x i s a  ki d &  y  i s a  tre e &  x  climbe d y l 

(  =  Fo r  ever y ki d x .  ther e i s a  tre e y ,  suc h tha t  x  climbe d y. ) 

(3) (3yMV x) (x is a kid & y is a tree & x climbed y) 

(  =  Ther e i s a  tre e y ,  suc h tha t  fo r  ever y ki d x ,  x  climbe d y. l 

Thes e logica l  structure s diffe r  onl y i n th e relativ e scope s o f  thei r  quantifie d terms .  I n th e 

interpretatio n i n (3) .  ther e i s on e particula r  tre e whic h ever y ki d climbed .  I n (21 ,  eac h ki d 

di d no t  necessaril y  clim b th e sam e tree ;  rather ,  ther e ma y hav e bee n mor e tha n on e tree . 

wit h differen t  kid s climbin g eac h tre e (o r  perhap s jus t  on e ki d pe r  tree! .  Th e firs t 

quantifie d ter m i n eac h orderin g i s sai d t o hav e wid e scope ,  th e secon d narro w scope . 

S o me theoretica l  an d computationa l  linguist s hav e claimed ,  o n th e basi s o f  intuitions . 

tha t  th e preferre d interpretatio n o f  sentence s lik e (1 )  correspond s t o th e structur e i n (2 ) 

(VanLehn .  1978 :  Kempso n &  Cormack .  1981 :  Fodor .  1982) .  B y "preferred "  i t  i s  mean t  tha t 

thi s interpretatio n i s th e on e perceiver s ten d t o arriv e a t  firs t  and/o r  t o conside r  mor e 

likel y o r  appropriate .  Simila r  claim s hav e bee n mad e fo r  th e preferre d interpretatio n o f  (4 ) 

correspondin g t o th e logfica l  structur e represente d i n (5 )  rathe r  tha n i n (6) : 

(4 )  A  ki d climbe d ever y tree . 

(5) ( 3x) (Vy) (x is a kid & y is a tree & x climed y) 

(=Ther e i s a  ki d x .  suc h tha t  fo r  ever y tre e y .  x  climbe d y. ) 

(6) (Vy) < 3 X) (x is a kid & y is a tree & x climed y) 

(Fo r  ever y tre e y .  ther e i s a  ki d x .  suc h tha t  x  climbe d y. ) 

Fodo r  (1982 )  ha s suggeste d tha t  thes e preference s ste m fro m a  processin g strateg y 

accordin g t o whic h th e preferre d scop e orderin g o f  quantifie d nou n phrase s (NPs )  i s th e 

same a s th e surfac e orderin g o f  th e NP s i n th e sentence .  Suc h a  strateg y coul d b e 

plausibl y implemente d b y th e constructio n o f  th e initia l  meanin g representatio n proreerlin g 

incrementall y a s th e sentenc e i s continuousl y processe d wor d b y wor d o r  phras e b y phrase . 

Thi s surfac e orderin g strateg y i s essentiall y  a  clai m concernin g on-lin e processing ,  ye t  th e 

onl y availabl e dat a i n suppor t  o f  thi s clai m ar e off-lin e intuitions .  Ther e i s thu s n o 

evidenc e concernin g ho w stron g thes e preference s are .  whethe r  factor s othe r  tha n surfac e 
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ordering influences interpretation, or whether the ultimately-preferred interpretations are the 

onl y one s availabl e durin g initia l  processin g o f  thes e sentences . 

The presen t  experimen t  seek s t o obtai n mor e direc t  evidenc e concernin g whic h 

interpretation s ar e availabl e durin g processin g o f  a  scop e ambiguity .  Th e approac h i s t o 

hav e subject s firs t  rea d a  scop e ambiguou s sentenc e an d the n rea d a  sentenc e whic h i s 

consisten t  wit h on e interpretatio n o f  th e ambiguity .  Th e subjects '  tas k i s t o judg e whethe r 

th e secon d sentenc e i s compatibl e wit h th e first .  Fo r  example ,  followin g (1) .  (7 )  i s  (more ) 

consisten t  wit h th e interpretatio n correspondin g t o (2) .  an d (8 )  i s consisten t  wit h th e 

interpretatio n correspondin g t o (3) . 

(7 1 Th e tree s wer e ful l  o f  apples . 

(8 )  Th e tre e wa s ful l  o f  apples . 

Similarly ,  followin g (4) .  (9 > i s consisten t  wit h th e interpretatio n correspondin g t o (51 .  whil e 

(10 )  i s (more )  consisten t  wit h th e interpretatio n correspondin g t o (6) . 

(9 )  Th e ki d wa s ful l  o f  energy . 

(10 )  Th e kid s wer e ful l  o f  energy . 

By examinin g subjects '  response s an d respons e time s t o thes e secon d sentences ,  i t  i s 

possibl e t o infe r  whic h interpretation(s )  subject s giv e th e firs t  sentence .  B y encouragin g 

subject s t o decid e a s soo n a s the y hav e rea d bot h sentences ,  dat a ca n b e obtaine d i n a 

more on-lin e task ,  withou t  callin g attentio n t o th e ambiguities . 

M E T H OD 

Subject s 

Twenty-fou r  colleg e student s i n th e Pittsburg h are a wer e pai d t o participat e i n th e 

experiment .  Al l  subject s wer e nativ e speaker s o f  English . 

Material s 

Al l  3 2 experimenta l  passage s containe d 2  sentences .  Th e firs t  sentenc e wa s fiv e o r 

si x word s i n lengt h an d containe d tw o quantifiers .  Th e secon d sentenc e containe d si x 

word s an d describe d on e o f  th e noun s mentione d i n th e firs t  sentence . 

Four  variable s wer e manipulate d i n th e passages ,  eac h wit h tw o levels .  Th e level s o f 

Quantifie r  orde r  i n th e first  sentenc e wer e "every...a" ,  a s i n sentenc e (1) .  an d "a...every "  a s 

i n (4) .  Th e first  sentenc e Ver b describe d eithe r  a n actio n suc h a s "climbed. "  i n whic h ras e 

th e subjec t  o f  th e sentenc e receive s a n agen t  themati c role ,  o r  a  perceptio n suc h a s "saw" . 

wher e th e subjec t  ha s a n experience r  themati c role .  Th e scop e Interpretatio n variabl e wa s 

manipulate d i n th e secon d sentenc e o f  th e passage :  th e nou n i n thi s sentenc e wa s eithe r 

singular ,  a s i n (8-9 )  o r  plural ,  a s i n (7 )  an d (10) .  Finally .  Ambiguit y wa s manipulate d i n 

th e first  sentence s b y th e substitutio n o f  phrase s "th e same "  o r  " a different "  fo r  th e 

quantifie r  "a" .  Th e unambiguou s version s o f  (1 )  ar e illustrate d i n (11-12 )  wit h thei r 
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appropriate second sentence. Note that the singular/plural levels of the Interpretation 

variabl e i n th e secon d sentenc e dictat e whethe r  "th e same "  o r  " a different "  i s  th e 

disambiguatin g phras e i n th e firs t  sentence . 

(11 )  Ever y ki d climbe d th e sam e tree . 

The tre e wa s ful l  o f  apples . 

(12) Every kid climbed a different tree. 

The tree s wer e ful l  o f  apples . 

Th e "a...every "  structur e illustrate d i n (4 )  wa s mad e unambiguou s i n simila r  fashion :  "Th e 

same/ a differen t  ki d climbe d ever y tree" . 

Most  o f  th e 8 0 practic e an d fille r  passage s containe d a  secon d sentenc e incompatibl e 

wit h th e first ,  s o tha t  overall ,  th e correc t  respons e o n th e compatibilit y  judgmen t  wa s "yes " 

on 6 0 % o f  th e trial s (al l  experimenta l  passage s wer e compatible) .  A  numbe r  o f  syntactic . 

semantic ,  an d pragmati c violation s wer e use d t o creat e incompatibl e fillers . 

Procedure .  Passage s wer e presente d on e sentenc e a t  a  tim e o n a  C R T .  Subject s 

presse d a  ke y onc e t o displa y th e firs t  sentenc e an d agai n t o remov e thi s sentenc e an d 

displa y th e second .  Subject s presse d key s marke d Y E S o r  N O t o indicat e whethe r  th e 

secon d sentenc e wa s compatibl e wit h th e first .  Bot h spee d an d accurac y wer e stresse d i n 

readin g an d fo r  th e compatibilit y  judgment .  Followin g 2 0 practic e trials ,  al l  exp>erimenta l 

and fille r  trial s wer e presente d i n rando m order . 

R E S U L TS 

Compatibilit y  judgments .  A s interpretatio n o f  th e ambiguou s sentence s i s o f  primar y 

interes t  here ,  compatibilit y  judgment s fo r  onl y th e ambiguou s sentence s ar e reporte d i n 

Tabl e 1 .  Passage s wit h unambiguou s sentence s wer e judge d t o b e consisten t  82.3 % o f  th e 

time ,  significantl y mor e ofte n tha n passage s wit h ambiguou s firs t  sentences ,  mi n F(l .  44 ) 

= 23.93 .  p  <  .001 .  Thi s resul t  indicate s tha t  subject s di d no t  alway s hav e bot h meaning s 

availabl e fo r  th e ambiguou s sentences . 

The surfac e orderin g strateg y (Fodor .  1982 1 woul d predic t  tha t  fo r  ambiguou s 

"every...a "  sentences ,  th e plura l  continuatio n woul d b e preferred ,  whil e th e singula r 

continuatio n shoul d b e preferre d fo r  th e ambiguou s "a...every "  sentences. '  Th e dat a i n Tnbl e 

1 strongl y suppor t  thi s prediction .  Fo r  th e ambiguou s sentences ,  ther e wa s a  significan t 

Quantifie r  Orde r  x  Interpretatio n interaction ,  mi n F(l .  51 )  =  62.08 .  p  <  .0001 .  I n 

contrast ,  ther e wa s n o evidenc e tha t  th e surfac e orderin g o f  th e quantifie d NP s nffprter l  tli p 

interpretatio n o f  th e unambiguou s sentences :  thi s interactio n wa s no t  reliabl e fo r 

unambiguou s sentences ,  mi n F(l .  47 )  =  2.69 .  p  >  .10 .  Th e disambiguatin g informatio n i n 

thes e sentence s apparentl y overrod e an y surfac e orderin g strategy . 
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TABLE 1 

Percentag e o f  Ambiguou s Passage s Judge d Compatible .  Experimen t  1 

"Every..,a "  sentence s 

Interpretatio n Actio n Ver b Perceptio n Ver b 

Singula r  25. 0 62. 5 

Plura l  81. 3 72. 9 

"A...every "  sentence s 

Interpretatio n Actio n Ver b Perceptio n Ver b 

Singula r  87. 5 85. 4 

Plura l  14. 5 14. 5 

Furthe r  examinatio n o f  Tabl e I  reveal s tha t  fo r  th e "every...a "  sentences ,  th e 

action/perceptio n ver b manipulatio n dramaticall y affecte d acceptanc e rates .  Subject s judge d 

th e singula r  interpretatio n o f  thes e sentence s t o b e mor e acceptabl e whe n th e first  sentenc e 

had containe d a  perceptio n verb ,  compare d t o whe n i t  ha d containe d a n actio n verb ,  mi n 

F d .  21 )  =  6.87 .  £  <  .025 .  W e retur n t o thi s poin t  i n th e discussion . 

Becaus e th e acceptanc e rate s fo r  th e non-preferre d interpretation s o f  ambiguou s 

sentence s ar e s o low ,  respons e time s t o mak e thi s compatibilit y  judgmen t  ar e difficul t  t o 

interpret .  However ,  w e shoul d not e tha t  o n thos e trial s wher e subject s judge d th e secon d 

sentenc e t o b e compatibl e wit h th e first,  respons e time s fo r  passage s wit h a n ambiguou s 

first  sentenc e (375 2 ms )  wer e longe r  tha n fo r  unambiguou s passage s (307 3 ms) .  Thi s resul t 

suggest s tha t  th e disambiguatin g informatio n helpe d subject s arriv e a t  a n interpretatio n 

more rapidly .  Despit e th e fac t  tha t  thes e respons e time s (whic h includ e tim e t o rea d th e 

secon d sentence !  ar e rathe r  long ,  thi s paradig m stil l  provide s a  muc h mor e immediat e 

measur e o f  ho w perceiver s interpre t  thes e ambiguitie s tha n ca n b e gleane d fro m intuitions . 

Additionally ,  fe w subject s reporte d tha t  the y notice d an y ambiguitie s i n th e stimuli . 

indicatin g tha t  th e tas k successfull y prevente d subject s fro m consciousl y searchin g fo r 

multipl e meaning s fo r  th e sentences . 

D I S C U S S I ON 

Thi s experimen t  demonstrate d tha t  subject s coul d rapidl y interpre t  scop e ambiguou s 

sentences ,  an d tha t  thei r  preferre d interpretation s wer e th e one s wher e th e first-encountered 

NP ha d wid e scop e ove r  th e secon d NP .  Fodor' s (1982 )  surfac e orderin g proposa l  i s  clearl y 

compatibl e wit h thes e data ,  bu t  i t  i s  no t  th e onl y interpretatio n available .  Kempso n & 

Cormac k (19811 .  fo r  example ,  hav e suggeste d tha t  th e preferre d interpretatio n i s th e on e 
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where the sentence topic {usually the first NP) has wide scope. 

Pragmati c Influences .  Th e dat a als o sugges t  that ,  whil e th e surface-base d scop e 

orderin g i s preferred ,  i t  i s  no t  alway s th e onl y on e tha t  subject s initiall y  assign .  I n 

particular ,  fo r  th e "every...a "  sentence s wit h perceptio n verbs ,  subject s judge d bot h singula r 

and plura l  continuation s t o b e compatibl e ove r  50 % o f  th e time .  Fo r  thi s sentenc e type . 

then ,  i t  appear s tha t  subject s assigne d bot h interpretations ,  althoug h th e interpretatio n 

incorporatin g th e surface-base d scop e orderin g (th e plura l  continuation )  wa s stil l  preferred . 

Why woul d subject s b e mor e likel y t o assig n bot h interpretation s fo r  thi s sentenc e 

type ? First ,  compar e th e "every...a "  sentence s wit h actio n verb s an d wit h perceptio n verbs . 

I t  i s  quit e plausible ,  withi n a  singl e even t  (take n t o b e th e referen t  o f  eac h o f  thes e 

sentences) ,  fo r  mor e tha n on e perceive r  t o perceiv e th e sam e entity ,  bu t  i t  i s  generall y 

somewhat  les s plausibl e fo r  mor e tha n on e agen t  t o perfor m a n actio n o n th e sam e entity . 

To tak e a n extrem e exampl e no t  use d i n th e experiment ,  i t  i s  plausibl e fo r  man y childre n 

t o se e on e uniqu e cookie ,  bu t  i t  i s  pragmaticall y ver y awkwar d t o interpre t  "Ever y chil d at e 

a cookie "  a s meanin g tha t  al l  th e childre n jointl y at e on e uniqu e cookie .  Ou r  actio n ver b 

sentence s (e.g .  (1 )  an d (4) )  wer e intende d t o b e plausibl e wit h bot h singula r  an d multipl e 

entitie s (e.g .  trees) ,  bu t  th e dat a sugges t  tha t  subject s di d no t  fin d the m equall y plausible . 

Thus ,  a t  leas t  fo r  th e stimul i  teste d here ,  th e interpretatio n i n whic h th e secon d N P (wit h 

th e determine r  "a" )  ha s wid e scop e i s pragmaticall y mor e appropriat e fo r  sentence s wit h 

perceptio n verb s tha n wit h actio n verbs . 

Now compar e th e "every...a "  sentence s wit h perceptio n verb s wit h th e "a...every " 

sentence s wit h eithe r  typ e o f  verb .  When "a...every "  sentence s ar e presente d wit h n o 

precedin g context ,  a s i n thi s experiment ,  th e subject ,  upo n receivin g th e firs t  N P (wit h th e 

determine r  "a") ,  ha s n o reaso n t o conside r  th e phras e a s referrin g t o mor e tha n on e entity . 

i n fact ,  i t  woul d b e pragmaticall y unparsimoniou s fo r  th e subjec t  t o d o s o (cf .  Grai n & 

Steedman .  1985) .  I t  i s  onl y whe n th e secon d N P (wit h th e determine r  "every" )  i s  receive d 

tha t  th e rea l  potentia l  arise s fo r  th e firs t  N P t o refe r  t o multipl e entities .  Thi s potentia l  i s 

correlate d wit h th e firs t  N P bein g assigne d narro w scop e (i.e. .  wit h th e scop e orderin g 

whic h doe s no t  matc h surfac e ordering) .  Bu t  a  change d referenc e fo r  th e firs t  NP .  fro m 

singula r  t o potentiall y  multiple ,  i s  pragmaticall y quit e significant .  I t  i s  reasonabl e t o assum e 

tha t  a  chang e i n th e referenc e tend s no t  t o b e determine d excep t  whe n al l  possibl e 

interpretation s requir e it .  du e t o th e semanti c processin g complexitie s whic h th e ne w 

referenc e necessitate s (cf .  Gillon .  1984 :  Grai n &  Steedman .  1985) .  Therefore ,  i t  i s  unlikel y 

tha t  th e alternativ e interpretatio n fo r  th e "a...every "  sentences~i n whic h th e firs t  N P ha s 

narro w scope-i s routinel y assigned . 

By contrast ,  fo r  th e "every...a "  sentences ,  th e firs t  N P receive d (wit h th e determine r 

"every" )  inherentl y refer s t o multipl e entities .  Thi s i s th e cas e regardles s o f  whethe r  th e 

secon d N P (wit h th e determine r  "a" )  i s  assigne d narro w o r  wid e scope .  Becaus e n o 
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pragmatically significant changed reference for the first NP needs to be determined even if 

th e alternativ e interpretatio n i s assigned ,  multipl e interpretation s ca n b e mor e readil y 

assigne d t o th e 'every...a "  sentence s tha n t o th e "a...every "  sentences . 

A Processin g Model .  Precisel y ho w d o th e pragmati c influence s interac t  wit h th e basi c 

scop e orderin g preference ? On e possibilit y  i s  tha t  fo r  al l  scop e ambiguou s sentences ,  bot h 

possibl e interpretation s ar e determine d immediatel y (i.e. .  upo n receivin g th e secon d NP . 

whic h i s th e poin t  wher e th e ambiguit y arises) .  Thes e interpretation s var y i n thei r  level s o f 

accessibility ,  base d primaril y upo n th e preferenc e fo r  surface-base d scop e ordering .  Thus . 

followin g Fodo r  (1982) .  th e mor e accessibl e interpretatio n woul d b e th e on e whos e scop e 

orderin g i s mor e quickl y o r  directl y identifie d i n continuou s processin g o f  th e sentence .  Or . 

followin g Kempso n &  Cormac k (1981) .  i t  woul d b e th e on e i n whic h th e sentenc e topi c ha s 

wid e scope . 

The les s accessibl e interpretatio n can .  however ,  hav e it s accessibilit y  increase d 

somewhat ,  o n pragmati c grounds .  Thus ,  i f  th e les s accessibl e interpretatio n i s highl y 

plausibl e an d i f  i t  doe s no t  involv e a  change d referenc e fo r  th e firs t  N P (wit h respec t  t o 

th e referenc e i n th e other ,  mor e accessibl e interpretation) ,  the n it s accessibilit y  ca n b e 

increased ,  althoug h no t  t o th e leve l  o f  th e othe r  interpretation .  Thi s i s th e cas e fo r  th e 

"every...a "  sentence s wit h perceptio n verbs . 

Next ,  al l  interpretation s whos e accessibilit y  i s  belo w a  criterio n leve l  ar e deleted .  Thi s 

deletio n woul d occu r  sometim e betwee n processin g o f  th e secon d N P an d evaluatio n o f  th e 

continuatio n sentence .  Th e remainin g interpretation s an d thei r  accessibilit y  level s determin e 

how frequentl y subject s respon d tha t  eac h o f  th e continuatio n sentence s i s reasonable .  (Se e 

Kurtzman .  1985 :  Gorrell .  1987 .  fo r  simila r  view s o f  th e processin g o f  syntacti c ambiguities. ) 

Obviously ,  furthe r  wor k i s require d t o elaborat e an d experimentall y tes t  thi s model . 

Also ,  furthe r  wor k i s neede d t o determin e th e natur e o f  th e menta l  representatio n o f  scop e 

ordering .  A m o n g th e option s are :  standar d logica l  formula e (Hobb s &  Shieber .  1987) . 

indexe d syntacti c structur e (Williams .  1988) .  a  syntacti c leve l  o f  L F (May ,  1985) .  menta l 

and discourse-representatio n model s (Fodor .  1982 :  Kamp .  1984) .  an d prepositiona l  network s 

(Anderson .  1983) .  I n a  firs t  ste p towar d furthe r  specificatio n o f  thi s model ,  w e ar e 

currentl y conductin g a n experimen t  wit h passiv e version s o f  th e stimuli ,  suc h as : 

(13 )  A  tre e wa s climbe d b y ever y kid . 

(14) Every tree was climbed by a kid. 

Active s an d passive s shar e th e sam e prepositiona l  meaning ,  bu t  diffe r  i n th e surfac e 

orderin g o f  thei r  NPs .  Therefore ,  passive s provid e a  shar p tes t  o f  th e clai m tha t  surface -

base d scop e orderin g i s preferred .  Th e experimen t  als o allow s furthe r  examinatio n o f 

pragmati c influence s o n interpretation ,  i n tha t  i t  provide s additiona l  opportunit y fo r 

examinatio n o f  th e ver b effect s foun d i n th e presen t  experiment .  Th e result s wil l  b e 
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reported in a future paper. 

FOOTNOTE 

1. Strictly, the interpretation in which the phrase with the determiner "a" has narrow 

scop e i s compatibl e wit h eithe r  th e singula r  o r  th e plura l  continuatio n sentence .  Tha t  is .  th e 

logica l  structure s i n (2 )  an d (6 )  specif y onl y tha t  i t  i s  possible-no t  tha t  i t  i s  necessary-fo r 

ther e t o b e mor e tha n on e tre e an d mor e tha n on e kid .  Thus ,  on e migh t  challeng e ou r 

clai m tha t  preferenc e fo r  th e singula r  interpretatio n fo r  th e "a...every "  sentence s indicate s a 

preferenc e fo r  wid e scop e o f  th e firs t  NP .  However ,  th e lo w percentag e o f  YE S response s 

fo r  th e plura l  continuatio n sentence s suggest s tha t  th e othe r  interpretatio n (narro w scop e o n 

th e firs t  NP )  wa s no t  preferred . 

Focussin g no w o n th e "every...a "  sentences ,  th e hig h percentag e o f  YE S response s t o 

th e plura l  continuatio n sentence s i s compatibl e onl y wit h a  preferenc e fo r  narro w scop e fo r 

th e "a "  phrase .  However ,  a s jus t  noted ,  a  singula r  referenc e fo r  th e "a "  phras e i s possibl e 

wit h narro w scope .  Why the n i s th e percentag e o f  YE S response s fo r  th e singula r 

continuation s lowe r  (especiall y fo r  th e actio n ver b sentences} ? Apparently ,  whe n a n 

interpretatio n permit s eithe r  multipl e o r  singula r  reference ,  multipl e referenc e i s preferred . 

Fodor  (1982 1 ha s suggeste d ho w thi s coul d b e accounte d fo r  i f  quantifier s ar e represente d 

withi n th e forma t  o f  menta l  models .  Clearl y thi s i s a n are a fo r  additiona l  investigation . 
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