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Resolutio n o f  Structura l  Ambiguitie s i n Sentenc e Comprehension : 

On-lin e Analysi s o f  syntactic ,  lexical ,  an d semanti c effects * 

Gerhar d Strube ,  Barbar a Hemforth ,  an d Heik e Wrobe l 
Ruhr  University ,  Bochum ,  FR( i 

Tempora l  onse t  an d relativ e strengt h o f  effect s o f  lexica l  preferenc e an d worl d 
knowledg e wer e analyze d i n relatio n t o syntacti c preference s i n a  serie s o f 
experiment s o n th e interpretatio n o f  sentence s tha t  containe d structurall y 
ambiguou s prepositiona l  phrases .  We foun d a  significan t  effec t  o f  lexica l 
preferenc e (i.e. ,  o f  mai n ver b subcategoriration )  tha t  wa s establishe d befor e a 
decisiv e influenc e o f  worl d knowledge .  Sinc e th e sentence s wer e i n German , 
tran s formin g the m int o th e "Perfekt "  (presen t  perfect )  tens e allowe d fo r  studyin g 
th e relativ e effect s o f  thos e factor s i n head-fina l  ver b phrases .  Unde r  thes e 
conditions ,  worl d knowledg e suppresse d th e influenc e o f  lexica l  preference , 
whic h nevertheles s affecte d decisio n times .  I n al l  cases ,  a  sligh t  bia s i n favo r  o f 
earl y closur e wa s found .  Th e result s ar e discusse d wit h respec t  t o contrastin g 
theorie s o f  psychologica l  principle s i n sentenc e parsing . 

To assess how different sources of knowledge, like syntactic, semantic or lexical, and world 
knowledge ,  influenc e th e wa y w e proces s natura l  language ,  constitute s on e o f  th e mai n 
goal s fo r  psycholinguisti c studie s (e.g. ,  Bever ,  1970 ,  Grai n &  Steedman ,  1985 ,  Flore s 
d'Arcais ,  1982 ,  Ford ,  1986 ,  Frazier ,  1987 ,  Strube ,  Hemfort h &  Wrobel ,  1990) .  W e believ e 
tha t  languag e understandin g entail s th e incrementa l  constructio n o f  a  menta l  mode l 
(Johnson-Laird ,  1983 ,  va n Dij k &  Kintsch ,  1983) ,  makin g us e o f  thos e source s o f 
knowledg e interactively .  Sentence s wit h globa l  structura l  ambiguitie s ar e optimall y suite d 
fo r  studie s o f  th e relativ e effect s o f  thos e source s o f  knowledge . 

The materials used in our experiments consists of sentences of the following kind: 

(a) Susanne verzierte die Tone mil der siifien Sahne. 
(Susa n garnishe d th e fanc y cak e wit h th e swee t  cream. ) 

Here we get two possible readings: 

(al) instrumental: garnished ... with the sweet cream 
(a2 )  attributive :  th e fanc y cak e wit h th e swee t  crea m 

The structural interpretations (al) and (a2) differ with respect to the attachment of the 
prepositiona l  phras e (PP) .  I n (al) ,  th e P P woul d b e attache d a s a n instrumen t  t o th e verb , 
i n (a2) ,  i t  woul d serv e a s a  specificatio n o f  th e secon d nou n phras e (N P "th e fanc y cake") , 
and woul d b e integrate d int o a  comple x NP . 

Three kinds of linguistic hypotheses have been stated regarding the processing of structural 
ambiguities :  (1 )  purel y syntacti c principle s (Frazier ,  1987 ,  Kimball ,  1973) ,  (2 )  lexica l 
preference s (Ford ,  1983 ,  1986 ,  Ford ,  Kapla n &  Bresnan ,  1982 ,  Mitchel l  &  Zagar ,  1986) ,  (3 ) 
hypothese s concernin g dominan t  influence s o f  pragmati c constraint s an d genera l  worl d 
knowledg e (Altmann ,  1988 ,  Altman n &  Steedman ,  1988 ,  Grai n &  Steedman ,  1985 ,  Johnson -
Laird ,  1983) . 

The researc h reporte d her e wa s funde d b y th e Deutsch e Forschungsgemeinschaf t  (th e Germa n Nationa l 
Associatio n fo r  Scientifi c  Research )  unde r  contrac t  no .  St r  301/1- 1 an d St r  301/1-2 .  We than k Robi n 
Horni g an d Christop h Scheeper s fo r  runnin g subject s an d assistin g i n dat a analysis ,  Joachi m Winzie r  an d 
Norber t  Tkocz ,  wh o wer e responsibl e fo r  compute r  contro l  o f  th e experiments ,  an d Waltrau d Brennenstuhl -
Ballme r  fo r  linguisti c advice . 
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A well-know n syntacti c principl e i s minima l  attachmen t  (Frazie r  &  Fodor ,  1978) .  I n 
essence ,  i t  postulate s tha t  th e readin g containin g th e leas t  numbe r  o f  precategoria l  node s 
i n th e phrase-structur e tre e i s th e preferre d one .  Othe r  source s o f  knowledge ,  i.e. ,  lexica l 
and semanti c preferences ,  com e i n later ,  operatin g a s a  kin d o f  filte r  (Frazier ,  1987) .  I n 
contrast ,  Lexica l  Functiona l  Grammar  call s fo r  direc t  inclusio n o f  lexica l  knowledg e i n th e 
proces s o f  sentenc e parsin g an d interpretatio n (Ford ,  Bresna n &  Kaplan ,  1982) .  Base d o n 
th e L F G framework ,  althoug h no t  strictl y dependen t  o n it ,  For d (1986 )  develope d fou r 
parsin g guidelines ,  o r  syntacti c closur e principles .  Th e centra l  principl e o f  lexica l 
preferenc e state s tha t  wheneve r  th e lexico n contain s severa l  possibl e subcategorizatio n 
frame s fo r  th e sam e verb ,  the y wil l  b e ordere d accordin g t o lexica l  preference ,  an d thi s 
orde r  wil l  affec t  ho w a  sentenc e i s parsed .  Wit h respec t  t o ou r  exampl e sentenc e (a) ,  thi s 
amount s t o th e followin g prediction :  I f  a  three-slo t  fram e (subject ,  object ,  obliqu e 
instrument )  i s  prioritize d fo r  th e ver b "t o garnish" ,  (al )  wil l  b e chose n a s th e preferre d 
reading .  I f  otherwise ,  i.e. ,  th e two-slo t  fram e (subject ,  object )  havin g priority ,  parsin g o f 
(a )  woul d b e subjecte d t o Ford' s fina l  argumen t  principle :  whe n th e las t  slo t  ha s bee n fille d 
and th e sentenc e stil l  continues ,  th e objec t  N P i s no t  close d befor e th e sentenc e ha s bee n 
parse d completely ,  resultin g i n th e constructio n o f  a  comple x NP ,  o r  readin g (a2) . 

The above theories of psychological parsing rely on grammatical knowledge, i.e., on 
language-specifi c  knowledg e a s contraste d t o genera l  worl d knowledg e (Felix ,  KanngieBe r 
& Rickheit ,  1986) .  The y canno t  explai n th e principle s tha t  guid e th e analysi s o f  a  sentenc e 
lik e 

(b) Susanne verzierte die Torte mil dent delikaten Mokkageschmack. 
(Susa n garnishe d th e fanc y cak e wit h th e deliciou s mocc a flavor. ) 

Obviously, knowledge is needed about possible or probable pairings between entities and 
suitabl e attributes ,  o r  betwee n verb s an d instrument s (o r  ornatives) .  I n (b) ,  a  mocc a flavo r 
i s hardl y a  possibl e instrumen t  fo r  decoratin g a  cake ,  no r  a  decoratio n i n itself .  Grai n an d 
Steedma n (1985 )  expres s thi s lin e o f  reasonin g throug h thei r  principl e o f  a  prior i 
plausibility :  Othe r  thing s bein g equal ,  tha t  readin g o f  a  sentenc e wil l  b e preferre d whic h 
appear s mor e plausibl e i n th e fac e o f  genera l  o r  domain-specifi c  worl d knowledge ,  o r  th e 
curren t  discourse .  Thi s i s i n tur n explaine d b y a  principl e o f  parsimony :  Th e mor e plausibl e 
an interpretation ,  th e les s presuppositions ,  o r  change s t o th e menta l  mode l  currentl y held , 
ar e neede d t o understan d th e sentence . 

In the following, two experiments from a larger series are reported in which we studied the 
processin g o f  sentence s wit h structurall y ambiguou s prepositiona l  phrase s (al l  o f  the m usin g 
th e Germa n prepositio n "mit" ,  i.e. ,  "with') .  Lexica l  preferenc e an d worl d knowledg e wer e 
varie d i n bot h experiments .  Du e t o a  variatio n o f  tens e (whic h pu t  th e mai n ver b a t  th e en d 
of  th e sentenc e accordin g t o Germa n grammar) ,  thes e source s o f  knowledg e coul d b e 
applie d a t  differen t  time s i n th e tw o experiments .  Experimen t  1  use d Germa n "Imperfekt" , 
wit h head-initia l  positio n o f  th e ver b lik e (a )  o r  (b) ,  wherea s th e "Perfekt "  sentence s o f 
Experimen t  2 ,  lik e (c) ,  ar e characterize d b y head-fina l  positio n o f  th e ver b (i n th e for m o f 
th e participle) .  Thu s lexica l  preferenc e come s int o pla y befor e worl d knowledg e i n 
Experimen t  1 ,  bu t  onl y a t  th e en d o f  th e sentenc e i n Experimen t  2 . 

(c) Susanne hat die Torte mit der siifien Sahne verziert. 
(Susa n ha s th e fanc y cak e wit h th e swee t  crea m garnished. ) 

Experimental design 

Lexical preference (L) and world knowledge (W) were included as factors in the design. 
Lexica l  preferenc e ha d th e followin g values : 

LI preferred subcategorization frame with 3 slots (subject, object, oblique 
instrumen t  o r  ornative)(3-slo t  verbs) , 

L 2 preferre d subcategorizatio n fram e wit h 2  slot s (subject ,  object)(2-slo t  verbs) , 
L3 n o clea r  preferenc e o f  eithe r  th e 2-slo t  o r  3-slo t  fram e (neutra l  verbs) . 
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Worl d knowledg e als o entere d th e desig n i n thre e categories : 

Wl preferred verb-modifying (e.g., instrumental) interpretation, 
W2 preferre d object-specifyin g interpretation , 
W3 ambiguous ,  bot h reading s possibl e wit h respec t  t o genera l  knowledge . 

Here are some examples of the resulting combinations: 

LI Wl Susan garnished the cake with the small icing funnel. 
W2 Susa n garnishe d th e cak e wit h th e deliciou s mocc a flavor . 
W3 Susa n garnishe d th e cak e wit h th e swee t  cream . 

L2 Wl Laura ordered the document with the short phone call. 
W2 Laur a ordere d th e documen t  wit h th e blac k binding . 
W3 Laur a ordere d th e documen t  wit h th e yello w form . 

L3 Wl Bill frightened the child with the old ghost story. 
W2 Bil l  frightene d th e chil d wit h th e littl e snub-nose . 
W3 Bil l  frightene d th e chil d wit h th e smal l  to y pistol . 

Construction of materials 

In order to construct sentences according to the nine conditions, we had to conduce some 
extensiv e pre-tests .  Followin g a  linguisticall y founde d preselectio n o f  verb s wit h th e hel p 
of  a  pertinen t  dictionar y (Ballme r  &  Brennenstuhl ,  1986) ,  w e ascertaine d th e verbs '  lexica l 
preferenc e wit h severa l  sentenc e completio n tasks .  Fo r  eac h o f  th e classifie d verbs ,  w e 
the n buil t  thre e sentence s accordin g t o th e thre e worl d knowledg e conditions .  Thi s 
classificatio n wa s verifie d wit h anothe r  pre-tes t  i n whic h subjects '  comprehensio n o f 
structurall y disambiguate d version s o f  th e sentence s wer e recorded . 

Experimental Technique 

In both experiments, we used the technique of a continuous semantic decision task which 
we develope d i n th e contex t  o f  previou s projec t  wor k o n th e comprehensio n o f  tempora l 
clauses .  Accordin g t o thi s technique ,  subject s rea d sentence s o n a  compute r  scree n wor d b y 
word .  B y pressin g on e o f  tw o buttons ,  th e subjec t  indicate s he r  comprehensio n o f  th e 
sentenc e an d a t  th e sam e tim e control s th e spee d o f  th e presentation .  A s soo n a s th e butto n 
i s pressed ,  th e actua l  wor d disappear s fro m th e compute r  scree n an d th e nex t  wor d appears . 

This procedure combines a method first used by Aaronson (1976) - the recording of word 
readin g time s durin g R S V P (rapi d seria l  visua l  presentation )  o f  th e sentenc e materia l  -  wit h 
th e metho d o f  continuou s reactio n whic h wa s develope d b y Wickelgren ,  Corbet t  &  Doshe r 
(1980 )  an d improve d b y Schmalhofe r  (1986) . 

Experiment 1 

Method 

Procedure: 21 subjects (students of the Ruhr-University of Bochum with German mother-
tongue ;  n o student s o f  psychology )  participate d i n th e experiment .  Subject s wer e ru n 
individuall y i n hal f  a n hou r  sessions .  The y wer e pai d fo r  thei r  efforts .  Th e continuou s 
semanti c decisio n tas k mentione d abov e wa s realize d i n th e followin g way :  wor d b y word , 
subject s ha d t o decid e o r  hypothesize ,  respectively ,  whethe r  th e prepositiona l  phras e o f  th e 
actua l  sentenc e wa s mor e likel y t o modif y th e ver b (lef t  button) ,  o r  th e objec t  (righ t 
button) .  Afte r  th e en d o f  th e sentence ,  a  questio n mar k appeare d o n th e compute r  screen . 
N ow th e subject s ha d t o indicat e thei r  decisio n again .  T o mak e sur e tha t  the y considere d 
th e whol e sentence ,  subject s wer e aske d a n additiona l  questio n abou t  th e actua l  sentence' s 
semanti c content .  Fo r  warmin g up ,  seve n fille r  sentence s wer e presente d i n th e beginnin g 
of  th e experiment . 
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We recorde d th e followin g dependen t  variables : 
(a )  on-lin e decision s abou t  th e attachmen t  o f  th e prepositiona l  phras e fo r  eac h wor d 

and afte r  th e en d o f  th e sentenc e 
(b )  inspectio n time s fo r  eac h wor d an d fo r  th e decision s afte r  th e sentence ,  i. e th e 

tim e interva l  betwee n th e appearanc e o f  a  wor d o n th e compute r  scree n an d th e 
moment  whe n th e butto n i s presse d 

Hypotheses 

Assuming that both sources of information, world knowledge and lexical knowledge, guide 
processin g immediately ,  a s soo n a s th e correspondin g information s ar e available ,  th e 
followin g cours e o f  decision s shoul d b e found :  th e ver b shoul d delive r  th e preferre d 
subcategorizatio n frame,  s o tha t  fro m th e secon d positio n onward s significan t  mai n effect s 
shoul d b e found .  Fo r  two-slo t  frame s onl y fe w decision s shoul d b e mad e i n favo r  o f  th e 
"verb-modifying "  interpretation ,  wherea s thi s interpretatio n shoul d b e strongl y preferre d 
fo r  three-slo t  frames .  N o preference s ar e expecte d fo r  neutra l  verbs .  I n th e unambiguou s 
worl d knowledg e condition s decision s shoul d definitel y b e influenced ,  a s soo n a s th e nou n 
i n th e prepositiona l  phras e i s processed .  Sinc e th e semanti c analysi s o f  som e adjective s 
constrain s th e choic e o f  followin g noun s (th e gir l  wit h th e blon d ...) ,  a t  thi s positio n 
(positio n 7 )  firs t  effect s o f  worl d knowledg e ma y b e found . 

Facilitiation effects should be demonstrable for decisions as well as inspection times, when 
information s fro m bot h source s ar e congruent ,  wherea s incongruen t  information s shoul d 
complicat e processing .  Fro m earlie r  experiment s wit h differen t  material s w e expec t  tha t 
worl d knowledg e dominate s th e fina l  interpretation ,  s o tha t  lexica l  preference s ca n onl y 
influenc e fina l  interpretation s o f  semanticall y ambiguou s sentences . 

Statistical Methods 

For both experiments, decisions were statistically analyzed by stepwise adaptations of 
hierarchica l  loglinea r  model s wit h lexica l  preferenc e an d worl d knowledg e a s independen t 
variables . 
Inspectio n time s wer e teste d b y withi n subjec t  analyse s o f  varianc e wit h th e sam e 
independen t  variables .  Th e wor d length ,  operationalize d a s th e numbe r  o f  letter s fo r  eac h 
word ,  wa s include d a s covariate ,  i f  needed . 

Result s 

Decisions: 

As shown in figure 1, there is a significant main effect of lexical preference from position 
4 t o positio n 7  (fro m th e nou n o f  th e simpl e objec t  N P t o th e adjectiv e i n th e PF) .  Th e 
significan t  effect s ar e du e t o th e fac t  tha t  a t  thes e position s sentence s ar e judge d mor e 
ofte n i n favo r  o f  a  verb-modifyin g interpretation ,  i f  th e sentenc e contain s a  three-slo t 
verb .  Neutra l  an d two-slo t  verb s d o no t  diffe r  significantly .  Ther e i s a  wea k tendenc y ( p 
< .11 )  fo r  th e mai n effec t  a t  positio n 3  (th e articl e o f  th e simpl e objec t  NP) . 
Contrar y t o ou r  hypothesis ,  th e mai n effec t  doe s no t  sho w u p a t  positio n 2  an d ca n n o 
longe r  b e foun d a t  th e en d o f  th e sentenc e eve n fo r  semanticall y ambiguou s sentences . 

As expected, sentences were judged according to the world knowledge conditions from the 
adjectiv e o f  th e P P onward s (se e figur e 2) .  I n semanticall y ambiguou s sentence s PP s wer e 
more ofte n interprete d a s verb-modifyin g (60.5%) . 

Inspection times 

No significant differences between the three lexical conditions were found. At the end of 
th e sentenc e (positio n 8) ,  ther e i s a  significan t  mai n effec t  du e t o worl d knowledge .  Th e 
unambiguou s condition s ar e processe d faste r  (verb-mod .  v s ambig. :  F=3.95 ,  df=l,19 ,  p<.07 ; 
obj.-mod .  v s ambig. :  F=21.03 ,  df=l,19 ,  p<.001) . 
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Figur e 1 . 

Lexica l  Preference : 
Decision s 

% "VERB'-Decision s 

noun pr« p ar t 
wor o Posliior i 

16' ical ^teierei:e 
—— 3 arguments —^~ neutral •"*~ 2 arguments 
Pos «  LBCSC-  9  B 6 P-  0  01 ,  Po s 6  LPCtC-2n2; P 001 , 
Pet e lhcsc-i8'5 p 0  01 ,  =09 '  LB;ic-i 7 5e P oc i 

Figur e 2 . 

Worl d Knowledge : 
Decision s 

% "VERB"-De: s .r-̂ s 

noun noi>r ,  cre p a n 
wore)  Positio n 

wona 1- noAieoge 
• verbmoa —^cci'^ioa ~^ aticg-cuj 

Elfect at Pos 7 lSCSC-28.;- :=-2 P CjI 
Edecl  at  Po 6 9  lP."SC -  53 7 jF- i  p  00 1 
El  ro d at  Pc.s S Lft;SC -  52 0 CC- 2 P  C01 

Congruen t  information s fro m bot h source s (worl d knowledg e an d lexica l  preference )  lea d 
t o significantl y shorte r  inspectio n time s tha n incongruen t  information s (verb-mod./verb. -
mod. :  mean = 272 9 msec ,  obj.-mod./obj.-mod. :  mean=252 5 msec ,  verb.-mod./obj.-mod. : 
mean=3638 msec ,  obj.-mod./verb-mod. :  mean=337 5 msec ;  F = 4.43;DF=2,40; p <  .02) . 

Metho d 
Experimen t  2 

Becaus e o f  th e head-fina l  positio n o f  th e mai n ver b i n Germa n perfec t  tens e sentence s th e 
availabilit y  o f  worl d knowledg e an d lexica l  preferenc e i s reversed .  Fo r  ou r  secon d 
experimen t  onl y th e tens e o f  th e sentence s wa s change d fro m "Imperfekt "  (pas t  tense )  t o 
"Ferfekt "  (presen t  perfect) .  Metho d an d experimenta l  design ,  an d consequentl y dependen t 
and independen t  variable s wer e identica l  t o thos e o f  Experimen t  1 . 
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Hypothese s 

As in the first experiment we expect that world knowledge is used for disambiguation 
immediately ,  i.e .  a s soo n a s th e correspondin g information s ar e available .  Accordin g t o thi s 
hypothesi s th e cours e o f  decision s shoul d develo p i n th e followin g way :  W h e n th e adjectiv e 
and th e nou n o f  th e prepositiona l  phras e ar e processe d ther e i s enoug h informatio n t o 
decid e whethe r  th e prepositiona l  phras e ca n b e attache d t o th e simpl e objec t  NP .  I f 
attachmen t  i s possibl e subject s shoul d prefe r  th e objec t  modifyin g interpretation ,  otherwis e 
the y shoul d decid e tha t  th e prepositiona l  phras e wil l  modif y th e verb .  Th e attachmen t  t o 
th e simpl e objec t  N P implie s tha t  th e ne w informatio n (PP )  ca n b e combine d wit h a n 
alread y establishe d entit y i n th e menta l  mode l  o f  th e sentence .  Thi s integratio n shoul d b e 
les s effortful ,  i.e .  les s time-consumin g tha n th e establishmen t  o f  a  ne w entit y i n th e ver b 
modifyin g case .  I f  worl d knowledg e support s th e ver b modifyin g interpretatio n th e 
prepositiona l  phras e deliver s informatio n abou t  possibl e verbs .  S o th e mai n ver b shoul d b e 
processe d faste r  i n thi s condition . 

In our first experiment we did not find any effects of lexical preference on decisions as 
soo n a s worl d knowledg e informatio n wa s full y  available .  Becaus e o f  th e head-fina l  positio n 
of  th e ver b w e d o no t  expec t  an y effect s o f  lexica l  preferenc e i n thi s experiment .  Th e 
interactio n o f  worl d knowledg e an d lexica l  preferenc e concernin g inspectio n time s shoul d 
stil l  b e demonstrable . 

Results 

Decisions 

No effects of lecical preference were found. The expected main effect of world knowledge 
i s alread y t o b e foun d a t  th e sevent h positio n (adjective )  an d stay s significan t  u p t o th e 
decisio n afte r  th e en d o f  th e sentence .  Decision s wer e mad e accordin g t o th e worl d 
knowledg e condition s (se e figur e 3) . 

Figure 3. 

Wor l d K n o w l e d g e : 
Decision s 

% "VERB"-Decis ion s 

noun prs p ar t  adj . 
Word P-Sitio n 

Won 5  i'riC'A'iedQ S 
~~ verdn-iod. —^ cbj.mod —*— amDiguous 

Pos.7 ,  LRCSC-  1 8 1 7 P  001 .  Po s 8  LBCSC-  23 8 r o P-.OOl . 
Pos 8 :  LRCSC-  37 6 4 3 P  001 ,  Po s 1 0 LRCSC-  37 1 > i  P  00 1 

Inspectio n time s 

There were no significant effects of lexical preference. As shown in figure 4, a significant 
mai n effec t  o f  worl d knowledg e i s presen t  fro m positio n 7  (adjectiv e o f  th e PP )  on .  A s 
expected ,  inspectio n time s fo r  position s 7  an d 8  (adjectiv e an d nou n o f  th e PP )  wer e shorte r 

563 



i f  worl d knowledg e supporte d th e object-modifyin g interpretatio n (positio n 7 :  F=6.00 , 
df=l,19 ,  p  <  .03 ,  positio n 8 :  F=3.74 ,  df=l,19 ,  p  <  .07) .  A t  positio n 9  (  mai n ver b participle ) 
th e orde r  o f  mean s i s reverse d (F=12.6 ,  df=l,19 ,  p  <  .01) ,  agai n a s expected .  Thi s result s i n 
a significan t  interactio n betwee n worl d knowledg e an d positio n (F=12.88 ,  df=2,37 ,  p  < 
.001) .  Unambiguou s worl d knowledg e lead s t o significantl y shorte r  inspectio n time s a t  th e 
end o f  th e sentenc e (positio n 9 ;  verb-mod .  v s amb. :  F=19.14 ,  df=l,19 ,  p  <  .001 ;  obj.-mod . 
vs amb. :  F=14.02 ,  df=l,l9 ,  p  <  .01) . 

Figur e 4 . 

Worl d Knowledge : 
Inspectio n Time s 

inspection  Times irrisec) 
400 0 
350 0 
300 0 
:50 c 
200 0 
ISOOir -  ; , i ^ - -
1000- ^ 
500 - 7 " : 

""• \ 

name ay ^ ar t  nou n pre o ar t  ?3 i  nou n par t 
WOrB Positio n 

Ac'io  I nowiecge 
^—varrmod  —^ DCi mod —^ aiT'Diguous 

Pos r  F .  6  0 4 al -  2  3 6 P  02 ,  POS S  = •  e  5 2 dl -  2  3 6 P  .0 1 
Pos 6  F -  1 7 Jt .  2  3 9 P  oc -  Po 8 1 0 P-  3  «  CI' -  2  3 e P  Oi 

As i n Experimen t  1 ,  a  significan t  interactio n betwee n lexica l  preferenc e an d worl d 
knowledg e wa s foun d a t  th e en d o f  th e sentence (  F=4.83 ,  df=2,37 ,  p  <  .02) .  Th e effec t  i s 
confine d t o 3-slo t  verb s wher e congruen t  information s fro m bot h source s lea d t o shorte r 
inspectio n time s tha n incongruen t  information s (verb-mod. :  mean=210 7 msec ;  obj.-mod. : 
mean =316 7 msec ;  F=14.37 ,  df=l,20 ,  p  <  .01) . 

Discussion 

Summing up, the results of our experiments show that both sources of knowledge are drawn 
upo n durin g sentenc e processing ,  an d tha t  the y ar e use d on-line ,  i.e. ,  huma n parsin g 
proceed s incrementally .  Th e variou s source s o f  knowledg e are ,  however ,  no t  equall y 
importan t  i n determinin g th e interpretatio n o f  a  sentence . 

(1) An effect of lexical preference could be demonstrated in Experiment 1, although 
i t  di d no t  quit e confor m t o expectations .  Fo r  one ,  availabilit y  o f  lexica l 
informatio n (contingen t  o n th e verb )  doe s no t  sho w a n effec t  immediately ,  bu t 
onl y build s u p a  significan t  differenc e fro m th e nou n o f  th e objec t  N P onward . 
Thi s testifie s agains t  immediat e ful l  processing ,  suggestin g gradua l  processin g o f 
lexica l  information .  Mos t  important ,  lexica l  effect s ar e presen t  befor e th e P P i s 
processed .  Therefor e w e conclud e tha t  lexica l  preferenc e operate s a s a  sourc e o f 
informatio n guidin g furthe r  syntacti c analysi s (lexica l  guidance ,  Ford ,  1986 , 
Holmes ,  1987 )  rathe r  tha n a  filte r  applie d t o th e resul t  o f  autonomou s syntacti c 
analysi s (Frazier ,  1987) . 

Verb frames for verbs with preferred 2-slot readings (without an oblique 
instrument )  an d fo r  verb s withou t  a  clea r  preferenc e d o no t  giv e ris e t o 
statisticall y significan t  difference s durin g sentenc e processing .  I n othe r  words , 
preferredl y 2-slo t  subcategorizatio n frame s d o no t  generat e a  specifi c  expectation . 
Eve n a t  th e en d o f  a  sentence ,  n o effec t  show s up ,  an d worl d knowledg e alon e 
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determine s th e interpretation . 

(2) World knowledge comes into play as soon as possible, i.e., when reading the 
adjectiv e o f  th e P P Inspectio n time s s h o w tha t  u n a m b i g u o u s wor l d k n o w l e d g e 
facilitate s processing . 

In head-final sentences (German present perfect) integrating the PP is easier if 
i t  ca n b e integrate d wit h th e objec t  int o a  c o m p l e x N P .  O n th e othe r  h a n d ,  th e 
predictiv e valu e o f  th e inst rument /omat iv e n o u n o f  th e P P facilitate s processin g 
of  th e m a i n ver b participle . 

(3) For both experiments, congruent information at the end of the sentence (i.e., both 
wor l d k n o w l e d g e a n d lexica l  preferenc e i n concordance )  lead s t o shorte r 
processin g times .  (I n E x p e r i m e n t  2 ,  thi s effec t  i s  conf ine d t o 3-slo t  ver b frames. ) 

(4) World knowledge and lexical preference show two major differences. While world 
k n o w l e d g e dominate s th e interpretatio n a n d i s processe d immediate ly ,  th e effect s 
of  lexica l  preferenc e tak e s o m e t im e t o buil d u p ,  ar e generall y m u c h w e a k e r ,  a n d 
disappea r  towar d th e e n d o f  a  sentence . 
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