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1 Abstract 

We present some ideas about how thematic roles (case roles) associated with verbs 

ar e use d durin g on-lin e languag e comprehensio n alon g wit h som e supportin g ex -

perimenta l  evidence .  Th e basi c idea ,  followin g Cottrel l  (1985) ,  i s  tha t  al l  o f  th e 

themati c role s associate d wit h a  ver b ar e activate d i n paralle l  whe n th e ver b i s 

encountered .  I n addition ,  w e propos e tha t  themati c role s ar e provisionall y assigne d 

t o argument s o f  th e verb s a s soo n a s possible ,  wit h an y themati c role s incompat -

ibl e wit h suc h a n assignmen t  becomin g inactive .  Activ e themati c role s tha t  ar e 

not  assigne d argument s withi n th e sentenc e ar e entere d int o th e discours e mode l  a s 

unspecifie d entitie s o r  addresses .  I n ou r  first  experimen t  w e sho w tha t  temporar y 

garden-path s aris e whe n subject s initiall y  assig n th e wron g sens e t o a  ver b a s i n 

Bil l  passe d th e tes t  t o hi s friend ,  bu t  no t  whe n subject s initiall y  assig n th e wron g 

rol e t o th e nou n phrase ,  a s i n Bil l  loade d th e ca r  ont o th e platform .  Thi s predictio n 

follow s directl y fro m ou r  assumptions .  I n ou r  secon d experimen t  w e sho w tha t  def -

init e nou n phrase s withou t  explici t  antecedent s i n th e precedin g discours e ca n b e 

more readil y integrate d int o a  precedin g discours e whe n the y ca n b e indexe d t o a n 

addres s create d b y a n ope n themati c role . 

2 Introduction 

Although case roles have played an important part in linguistic theory since the 

semina l  wor k o f  Fillmor e (1968) ,  an d the y ar e frequentl y incorporate d int o A I  mod -

el s o f  natura l  languag e understanding ,  ther e ha s bee n littl e experimenta l  wor k tha t 

examine s thei r  rol e i n huma n languag e processing .  I n thi s pape r  w e presen t  exper -

imenta l  evidenc e suggestin g tha t  themati c role s (cas e roles )  associate d wit h verbs , 

pla y a n importan t  rol e i n languag e comprehension .  Th e ide a tha t  w e wil l  b e explor -

in g i s tha t  themati c role s ca n provid e a  mechanis m whereb y th e parse r  ca n mak e 

earl y semanti c comm.itments ,  ye t  quickl y recove r  fro m th e inevitabl e missasign -

ment s tha t  occu r  a s a  consequenc e o f  th e loca l  indeterminac y tha t  i s characteristi c 

of  natura l  language .  W e furthe r  sugges t  tha t  themati c role s provid e a  mechanis m 

fo r  interactio n amon g th e parser ,  th e discours e model ,  an d real-worl d knowledge . 

'Thi s researc h wa s supporte d i n par t  b y N S F gran t  BNS-8217378 . 
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3 Motivation 

Our motivation for exploring these ideas comes from a confluence of findings from 

th e languag e comprehensio n an d wor d recognitio n literature .  First ,  researc h o n 

languag e processin g suggest s tha t  th e languag e processo r  make s extremel y earl y 

commitments ,  wit h eac h wor d bein g full y interprete d an d integrate d wit h precedin g 

contex t  a s i t  i s  processe d (Marslen-Wilson ,  1975) .  Secondly ,  th e processo r  appear s 

t o comput e structure s seriall y  (Frazier ,  1978 ;  For d e t  al ,  1983 ;  Frazie r  &  Rayner , 

1982) .  Evidenc e come s fro m studie s demonstratin g loca l  increase s i n processin g 

complexit y whe n th e parse r  pursue s a n analysi s tha t  turn s ou t  t o b e inconsisten t 

wit h th e remainde r  o f  th e sentenc e o r  resolve s a n ambiguit y i n a  manne r  tha t  i s 

contextuall y inappropriate .  Ye t  feedbac k fro m contex t  clearl y enable s th e parse r  t o 

rapidl y recove r  fro m an d perhap s occasionall y avoi d thes e loca l  garden-paths .  Thi s 

pictur e suggest s tha t  th e parse r  compute s structure s seriall y  bu t  als o ha s rapi d 

acces s t o alternativ e structures . 

4 Multiple Codes 

Our central assumption is that thematic roles associated with a verb are activated 

i n parallel .  Placin g th e parallelis m i n th e lexico n i s attractiv e becaus e ther e i s 

a larg e bod y o f  researc h o n lexica l  processin g demonstratin g tha t  multipl e code s 

associate d wit h a  wor d becom e activate d regardles s o f  processin g context .  Fo r 

example ,  multipl e sense s o f  ambiguou s word s ar e initiall y  accesse d eve n i n th e pres -

enc e o f  contextua l  bia s (Seidenber g e t  al ,  1982 ;  Swinney ,  1979 ;  Tanenhau s e t  al , 

1979) .  Moreover ,  a  numbe r  o f  lexica l  an d sublexica l  effect s suc h a s th e wor d su -

periorit y effect ,  effect s o f  spelling-soun d regularity ,  an d o f  orthographi c regularit y 

i n visua l  wor d recognitio n ca n b e explaine d elegantl y b y th e assumptio n tha t  ther e 

i s a  grea t  dea l  o f  bottom-u p paralle l  activation ,  wit h incompatibl e representation s 

inhibitin g on e anothe r  (McClellan d &  Rumelhart ,  1981 ;  Seidenberg ,  1985) .  W h e n 

representation s ar e compatible ,  however ,  multipl e code s remai n activ e (Seidenber g 

& Tanenhaus ,  1979 ;  Tanenhaus ,  Flaniga n &  Seidenberg ,  1980) . 

Frazie r  an d colleague s (Frazier ,  1986 ;  Rayner ,  Carlso n &  Frazier ,  1984 )  hav e 

argue d tha t  th e vocabular y o f  themati c relation s i s share d b y th e parser ,  discours e 

model ,  an d worl d knowledge .  The y hav e propose d a  themati c processo r  whic h pro -

vide s a  channe l  o f  communicatio n amon g thes e domains .  I n ligh t  o f  th e growin g 

evidenc e fo r  multipl e cod e activatio n i n lexica l  processing ,  fo r  stron g lexica l  effect s 

i n parsing ,  an d fo r  on-lin e seria l  commitmen t  an d rapi d loca l  garden-pat h recov -

ery ,  i t  seem s reasonabl e t o see k a  mechanis m whereb y lexica l  structure s ca n hel p 

t o organiz e a  parse ,  guid e loca l  garden-pat h recovery ,  an d coimnunicat e wit h th e 

discours e model .  Themati c role s provid e a  promisin g candidat e fo r  suc h structures . 

5 Representational and Processing Assumptions 

In order to motivate our experiments it will be necessary to briefly outline some 

representationa l  an d processin g assumptions .  Thes e assumption s ar e presente d i n 

mor e detai l  i n Carlso n an d Tanenhau s (1987) . 
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5.1 Representational Assumptions 

We assume that a verb meaning is represented in terms of a core meaning (sense) 

and a n associate d se t  o f  themati c roles .  Followin g Carlso n (1984 )  w e assum e tha t 

th e mai n functio n o f  themati c role s i s t o relat e th e argument s o f  a  ver b t o th e 

cor e meanin g i n semanti c interpretation .  W e als o assum e tha t  a n integra l  par t 

of  th e interpretatio n o f  a  discours e i s a  menta l  model ,  o r  discours e model ,  whic h 

represent s a n ongoin g recor d o f  th e discours e (Heim ,  1982 ;  Johnson-Laird ,  1983 ; 

K a m p,  1979) .  W e als o mak e th e followin g standar d assumption s abou t  th e mappin g 

betwee n themati c role s an d arguments. ^ 

1. Every argument of a given verb is assigned a thematic role. 

2. No argument is assigned more than one thematic role. 

3. Every argument of a verb is assigned a unique thematic role. 

We finally assume that the set of arguments that are assigned thematic roles by 

a ver b ar e th e subjec t  o f  th e sentenc e an d th e subcategorize d phrase s i n th e ver b 

phrase. ^ 

5.2 Processing Assumptions 

In addition, we make the following processing assumptions: 

1. Lexical access makes available the core meaning (sense) of a verb and the 

themati c role s associate d wit h th e sense .  Fo r  a n ambiguou s verb ,  al l  th e sense s 

wil l  b e activate d i n parallel ,  alon g wit h th e se t  o f  themati c role s associate d 

wit h eac h sens e (se e Cottrell ,  1985 ,  fo r  a  simila r  proposal) . 

2. Only the sense of the verb that is contextually appropriate (or, in the absence 

of  biasin g context ,  th e mos t  frequen t  sense )  remain s active ,  alon g wit h it s 

themati c roles . 

3. Thematic roles are provisionally assigned to arguments of the verb as soon 

as possible ;  an y activ e themati c role s incompatibl e wit h suc h a n assignmen t 

becomes progressivel y les s active . 

4. Any active thematic roles not assigned to an argument remain as open thematic 

role s i n th e discours e model ,  appearin g a s fre e variable s o r  unspecifie d addresse s 

i n th e model .  Thus ,  w e d o no t  assum e tha t  ever y activ e themati c rol e assigne d 

by a  ver b end s u p assigne d t o th e meanin g o f  som e syntacti c constituent . 

6 Experiment 1: Sense and Thematic Role Ambiguities 

The model we have sketched above predicts a processing difference for sentences 

exhibitin g temorar y ambiguitie s suc h a s thos e illustrate d i n (1 )  an d (2) . 

^See Carlso n an d Tanenhau s (1987 )  fo r  som e qualificatioM . 
T h e phrasin g her e i s a  matte r  o f  convenience .  I t  i s  actuall y th e meaning s themselve s tha t  ar e assigne d themati c 

roles .  Se e Carlso n (1984 )  an d Carlso n an d Tanenhau s (1987 )  fo r  discussion . 
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1. Bill passed the test to his friend. 

2.  Bil l  loade d th e ca r  ont o th e platform . 

In sentence (l), passed is ambiguous between two senses, roughly, earning a passing 

grade ^  an d han d over .  I n sentenc e (1) ,  th e phras e whic h follow s th e verb ,  th e test , 

biase s th e grad e sense .  Reader s shoul d experienc e a  smal l  garden-pat h whe n thi s 

sens e late r  turn s ou t  t o b e incorrect .  Thi s follow s fro m th e assumptio n tha t  lexi -

cal  acces s wil l  mak e availabl e multipl e sense s o f  suc h a  wor d a s pass ,  bu t  onl y th e 

contextuall y mos t  appropriat e (or ,  i n absens e o f  context ,  mos t  frequen t  (Simpso n 

& Burgess ,  1985) )  sens e wil l  remai n activ e an d th e other s becom e unavailabl e (se e 

Simpson ,  1984 ,  fo r  a  revie w o f  relevan t  literature) .  W h e n a  reade r  o r  heare r  ini -

tiall y  select s th e wron g sens e o f  a n ambiguou s verb ,  reinterpretatio n woul d requir e 

retrievin g th e alternativ e sense .  Thi s shoul d tak e tim e an d processin g resources .  I n 

sentenc e (2) ,  th e nou n phras e th e truc k coul d eithe r  b e th e locatio n o f  th e loading , 

or  wha t  i s bein g loaded .  W h e n th e wron g themati c assignmen t  i s initiall y  made , 

themati c reassignmen t  shoul d b e relativel y cost-fre e because :  (a )  th e cor e meanin g 

of  th e ver b remain s constant ,  an d henc e th e verb' s lexica l  entr y nee d no t  b e re -

opened ;  (b )  th e alternativ e themati c role s ar e generall y activ e an d available ;  and , 

(c )  th e syntactic-themati c mapping s provid e explici t  informatio n abou t  ho w role s 

axe t o b e assigne d s o onl y a  limite d domai n o f  informatio n need s t o b e reexamined . 

Thus ,  themati c role s allo w th e processo r  t o mak e earl y commitment s withou t  undu e 

cost .  Th e nul l  hypothesi s i s tha t  bot h ambiguitie s ar e reall y jus t  sens e ambiguities , 

an d henc e ar e no t  fundamentall y distinct . 

6.1 Experimental Methodology 

6.1. 1 Stimul i 

The experimental materials are illustrated in (3) and (4), for sense and thematic 

rol e ambiguities ,  respectively . 

3.  a .  Bil l  passe d th e tes t  t o hi s complet e surprise . 

3.  b .  Bil l  faile d th e tes t  t o hi s complet e surprise . 

3.  c .  Bil l  passe d th e tes t  t o th e perso n behin d him . 

3.  d .  Bil l  hande d th e tes t  t o th e perso n behin d him . 

4.  a .  Bil l  loade d th e truc k wit h bricks . 

4.  b .  Bil l  filled  th e truc k wit h bricks . 

4.  c .  Bil l  loade d th e truc k ont o th e ship . 

4.  d .  Bil l  drov e th e truc k ont o th e ship . 

I n example s (3a )  an d (3c) ,  differen t  sense s o f  pas s ar e selecte d b y th e final  dis -

ambiguatin g phrase ;  disambiguatio n doe s no t  tak e plac e unti l  afte r  presentatio n o f 

th e direc t  objec t  nou n phrase .  Example s (3b )  an d (3d )  ar e contro l  sentence s usin g 

unambiguou s verb s tha t  hav e cor e meaning s relate d t o th e appropriat e sens e i n th e 

ambiguou s versio n o f  th e sentence .  Th e sentence s o f  (4 )  repea t  tha t  sam e patter n 

fo r  th e themati c ambiguities ;  (4a )  an d (4c )  involv e temporar y ambiguit y o f  themati c 

assignmen t  t o th e direc t  object ,  t o b e disambiguate d b y th e final  constituent ;  (4b ) 

an d (4d )  serv e a s unambiguou s controls .  Set s o f  sentence s simila r  t o thos e i n (3 )  an d 

(4 )  wer e constructe d fo r  1 6 verb s wit h differen t  sense s an d 1 6 verb s fo r  whic h th e 
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thematic assignment of the following noun phrase is ambiguous. The four sentences 

fo r  eac h ver b wer e counterbalance d acros s fou r  lists ,  wit h eac h subjec t  seein g onl y 

one list . 

6.1.2 Procedure 

The sentences were displayed on a CRT and the subjects' task was to decide as 

quickl y a s possibl e whethe r  o r  no t  th e sentenc e mad e sense .  W e zissume d tha t 

subject s woul d initiall y  selec t  th e incorrec t  ver b sens e o r  themati c assignmen t  o n 

approximatel y hal f  th e trial s wher e temporar y ambiguit y i s possible .  I f  incorrec t 

sens e selectio n result s i n a  garden-pat h onc e disambiguatin g informatio n t o th e 

contrar y arrives ,  thi s shoul d b e reflecte d eithe r  i n fewe r  sentence s wit h sens e ambi -

guitie s bein g judge d t o mak e sens e o r  i n longe r  reactio n time s t o comprehen d thes e 

sentences ,  al l  relativ e t o contro l  sentences .  I n constrast ,  themati c rol e ambiguitie s 

shoul d resul t  i n muc h weake r  garde n paths .  Fille r  trial s include d som e sentence s 

tha t  wer e incongruous ,  suc h as :  Severa l  peopl e borrowe d idea s unde r  th e bed . 

6.2 Results and Discussion 

Data from 28 subjects are presented in Table 1, which displays reaction time (in 

msec)  t o th e sentence s judge d t o mak e sense ,  an d th e percentag e o f  sentence s judge d 

t o mak e sense .  Separat e A N O V As wer e conducte d o n th e judgmen t  dat a an d o n th e 

reactio n tim e data .  Th e A N O V A o n th e judgmen t  dat a reveale d a  significan t  inter -

actio n betwee n Ver b Typ e (Sens e versu s Thematic )  an d Ambiguit y (Ambiguou s o r 

Contro l  conditions )  wit h subject s a s a  rando m factor ,  {F{1 ,  24 )  =  6.17 ,  p  =  .02) . 

The interactio n obtaine d becaus e sentence s wit h sens e ambiguitie s wer e les s likel y 

t o b e judge d t o mak e sens e tha n thei r  control s {F{1 ,  13 )  =  6.07 ,  p  =  .029) ,  wherea s 

sentence s wit h themati c rol e ambiguitie s wer e no t  (̂''(l ,  15 )  =  .02 ,  p  =  .88) . 

The reactio n tim e result s wer e les s clea r  cut .  Bot h sens e an d themati c rol e ambi -

Ambiguit y Typ e Ver b Typ e Contro l 

SENSE 2445 (77) 2290 (94) 

T H E M A T IC 223 9 (92 )  216 8 (93 ) 

Tabl e 1 :  Latencie s (i n msec )  fo r  sentence s judge d t o mak e sense .  Percen t  judge d t o mak e sens e i n 
parentheses . 

guities took longer to comprehend when they were judged to make sense than their 

control s (F(l ,  24 )  =  14.69 ,  p  =  .0008) ,  an d althoug h th e effec t  wa s numericall y 

large r  fo r  th e sens e ambiguities ,  th e interactio n betwee n typ e o f  ver b an d ambigu -

it y wa s no t  significant .  However ,  th e effec t  o f  ambiguit y wa s significan t  onl y fo r  th e 

sens e ambiguitie s i n th e ite m analysi s {F{1 ,  13 )  =  6.73 ,  p  =  .02) .  Th e reactio n tim e 

result s wer e mor e consisten t  wit h th e judgmen t  results ,  whe n usin g ou r  intuitions . 
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Figur e 1 :  Latencie s fo r  sentence s judge d t o mak e sens e whe n preferre d (P )  o r  les s preferre d (LP ) 
sens e o r  themati c assignmen t  turne d ou t  t o b e correc t  ( A =  ambiguou s verb ;  C  =  unambiguou s 
contro l  verb) . 

we divided the ambiguous sentences into those in which the preferred and less pre-

ferre d initia l  sens e o r  themati c assignmen t  i s correc t  an d incorrec t  (se e Figur e 1) . 

We se e tha t  th e sens e ambiguitie s ar e mor e difficul t  tha n thei r  control s onl y whe n 

th e les s preferre d sens e turn s ou t  t o b e correct .  Thi s i s reflecte d i n th e interactio n 

betwee n Sens e (preferre d an d les s preferred )  an d Ambiguit y {F{1 ,  13 )  =  6.79 ,  p  = 

.02) .  Thi s interactio n i s no t  presen t  wit h th e themati c rol e ambiguitie s {F{l ,  15 )  = 

1.19 ,  p  =  .29) . 

7 Experiment 2: Open Thematic Roles 

The results of Experiment 1 demonstrate a processing difference between thematic 

rol e ambigutie s an d sens e ambiguities ,  thu s lendin g suppor t  t o ou r  assumptio n tha t 

themati c role s ca n b e distinguishe d fro m cor e meanings .  Experimen t  2  teste d th e 

ide a tha t  ope n themati c role s ar e entere d int o th e discours e mode l  ai s unspecifie d 

discours e entities .  Ope n themati c role s obtai n whe n a n activ e themati c rol e i s no t 

filled  b y a n argument .  Fo r  example ,  th e ver b loa d ha s thre e themati c role s associate d 

wit h it :  Agent ,  T h e m e an d Location .  I n a  sentenc e suc h a s (5 ) 

5. Bill loaded the car. 

one of the thematic roles, most likely the Theme, would be left open. If this idea is 

correct ,  the n listener s shoul d no t  hav e difficult y interpretin g a  subsequen t  sentenc e 

tha t  begin s wit h a  definit e nou n phras e a s lon g a s th e nou n phras e coul d plausibl y 

fill  th e ope n role .  Thu s sentenc e (6 ) 
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6. The suitcases were heavy. 

should be relatively natural when it follows (5) in a discourse because the suitcases 

ca n fill  th e ope n T h e m e role .  I n contras t  th e sam e sentenc e shoul d b e mor e difficul t 

t o understan d whe n ther e i s no t  a n ope n themati c role ,  becaus e th e reade r  wil l 

hav e t o mak e a n inferenc e t o buil d a  bridg e fro m th e nou n phras e t o th e contex t 

(Havilan d &  Clark ,  1974) . 

7.1 Experimental Methodology 

7.1. 1 Stimul i 

We constructed sixteen sets of two sentence discourses in which a target sentence 

beginnin g wit h a  definit e nou n phrats e (8 )  wa s precede d b y eithe r  a  contex t  sentenc e 

tha t  introduce d a n ope n themati c rol e tha t  th e N P coul d fill  a s i n (7b )  o r  a  sentenc e 

tha t  create d a  plausibl e contex t  fo r  th e targe t  sentenc e bu t  tha t  di d no t  leav e a n 

ope n role ,  a s i n (7a) . 

7. a. John had difficulty running fast to catch his plane 

7.  b .  Joh n ha d difficult y loadin g hi s car . 

8.  Th e suitcase s wer e ver y heavy . 

The two context sentences for each set were counterbalanced across two presentation 

lists . 

7.1.2 Procedure 

Subjects were presented with the context sentence on a CRT. When they pressed 

a butto n indicatin g tha t  the y ha d rea d an d understoo d th e contex t  sentence ,  the y 

wer e presente d wit h th e targe t  sentence .  Thei r  tas k wa s t o decid e whethe r  o r  no t 

th e targe t  sentenc e mad e sens e give n th e context . 

7.2 Results 

Target sentences were judged to make sense more often when the context sentence 

introduce d a n ope n themati c rol e tha n whe n i t  di d not ,  (97 % v s 8 4 % ;  F{1 ,  22 )  = 

5.76 ,  p  =  .025) .  Latencie s t o targe t  sentence s judge d t o mak e sens e wer e faste r 

when th e contex t  introduce d a n ope n themati c rol e tha n whe n i t  di d not ,  (162 8 

msec v s 184 7 msec ;  F{1 ,  22 )  =  6.32 ,  p  =  .019) .  Thu s th e result s strongl y supporte d 

th e hypothesis . 

8 Discussion 

The studies that we have presented provide initial encouragement for the frame-

wor k tha t  w e hav e bee n developing .  T w o interesting ,  an d t o ou r  knowledge ,  pre -

viousl y unobserve d phenomen a wer e predicte d an d confirme d experimentally .  I t  i s 

importan t  t o acknowledge ,  however ,  tha t  themati c role s ar e no t  th e onl y possibl e 

explanatio n fo r  ou r  results .  I t  i s  difficult ,  fo r  example ,  t o rul e ou t  th e hypothesi s 

tha t  themati c role s ar e no t  distinc t  grammatica l  entities ,  bu t  rathe r  jus t  aspect s o f 
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verb meajiings as Ladusaw and Dowty (1987) have argued. A great deal of future 

reseajc h wil l  b e necessar y befor e i t  become s clea r  whic h o f  thes e framework s wil l 

provid e th e mor e interestin g insight s abou t  comprehensio n processes . 
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