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In previous research it has been shown that subject relative clauses are easier to process than object relatiy
clauses. Several theories have been proposed that explain the difference on the basis of different theoretical pe
spectives. However, previous research tested relative clauses only with animate protagonists. In a corpus study ¢
Dutch and German newspaper texts, we show that animacy is an important determinant of the distribution of sub-
ject and object relative clauses. In two experiments in Dutch, in which the animacy of the object of the relative
clause is varied, no difference in reading time is obtained between subject and object relative clauses when the
object is inanimate. The experiments show that animacy influences the processing difficulty of relative clauses.
These results can only be accounted for by current major theories of relative clause processing when additiona
assumptions are introduced, and at the same time show that the possibility of semantically driven analysis can b
considered as a serious alternative.2002 Elsevier Science (USA)
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There is a large body of literature on the pro- (Tomorrow the professor, whom the
cessing of relative clauses. For many languages, students have met, will present the
it has been shown that subject relative clauses, diplomas.)

such as (1), are easier to comprehend than

ject relative clauses, such as (2): OH“IIS has been shown for English (e.g., Ford,

1983; King & Just, 1991; King & Kutas, 1995),

(1) Morgen zal de professor, die de studentein which the clause is disambiguated at the worc
ontmoet heeft, de diploma’s uitreiken. following the relative pronoun, and for French
Tomorrow will the professor, that the(Frauenfelder, Segui, & Mehler, 1980; Holmes &
students met has, the diplomas presen®’Regan, 1981), in which there is no ambiguity
(Tomorrow the professor, who has mebecause the relative pronoun is marked either a
the students, will present the diplomas.jhe subjectdqui) or as the objectj(g of the rela-

(2) Morgen zal de professor, die de studentetive clause. Corresponding results have beel
ontmoet hebben, de diploma’s uitreikenobtained for German (Mecklinger, Schriefers,
Tomorrow will the professor, that the Steinhauer, & Friederici, 1995; Schriefers,
students met have, the diplomas preserfriederici, & Kiihn, 1995) and for Dutch (Brown,

Hagoort, & Vonk, 2000; Frazier, 1987; \Vonk,
_ Brown, & Hagoort, 2000). Using several differ-
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In English, the clause is disambiguated by the (Tomorrow the students, whom the
word following the relative pronoun (a tensed professor has educated, will receive the
verb or a NP). Dutch and German relative diplomas.)

clauses, however, are verb-final, as shown in (1)
and (2). Therefore, in Dutch and German thé readers do not commit themselves to an as
relative clauses are not disambiguated by tlsggnment of the subject and object roles before
syntactic category of the word following the relveading the past participle, the thematic fit be-
ative pronoun. In German, in many cases the rélveen the two nouns and the past participle
ative clause is disambiguated by case markimguld be used for this assignment. In this cas
on the relative pronoun or the noun phrase fahere might be no processing difficulty in object
lowing the relative pronoun. In Dutch, there iselatives as in (4). If, however, readers commit
no case marking on relative pronouns and fulhemselves to an analysis as subject relativ
noun phrases, and therefore the relative clausdause alreadpeforethe past participle is read,
in (1) and (2) are disambiguated only at the aureaders will still show longer reading times in
iliary. The number-marking on the auxiliary disthe object relative clauses: They will either have
ambiguates the sentence toward a subject rela-make a semantically driven reanalysis at the
tive clause in (1), in whiclde professqsg) is past participle, or a syntactically driven reanaly-
the subject of the relative clause, and toward &is at the auxiliary. The results were consisten
object relative clause in (2) in whicle studen- with the latter prediction: Despite the manipula-
ten(pl) is the subject of the relative clause. tion of thematic fit, reading times at the auxil-
In Dutch and German it has been investigateidry were still longer in sentence (4) than in sen-
whether the assignment of the subject functiotence (3). This may be taken as evidence for th
is influenced by the thematic fit between the erposition that the preference for subject relative
tities in the relative clause and the main verlglauses arises before the past participle is en
(Brown et al., 2000; Mecklinger et al., 1995;countered. When syntactic information (i.e., the
Schriefers et al., 1995; Vonk et al., 2000). In th@umber information at the auxiliary) discon-
experiments past participles were used that wefiems the subject relative interpretation, a re-
biased to take one of the entities in the relativanalysis has to be initiated.
clause as the subject and the other as the objectHowever, one may also argue that the manip-
Sentences like (3) and (4) were presented, uation of thematic fit was not strong enough in
which one of the protagonists, in this cade the experiments described above. The themati
professof(the professor), is more likely to be thefit between the entities in the relative clause anc
subject of the main verbopgeleid,educated) the main verb may be manipulated more
than the otherde studenterthe students). strongly by manipulating the animacy of the en-
tities in the relative clause (cf. Trueswell, Tanen-
(3) Morgen zal de professor, die de studentdraus, & Garnsey, 1994). Trueswell et al. used
opgeleid heeft, de diploma’s uitreiken. animacy to manipulate the thematic fit of a sen-
Tomorrow will the professor, that thetence-initial NP with the verb that followed it.
students educated has, the diploma®his manipulation of thematic fit affected the
present. reading times for full and reduced relative
(Tomorrow the professor, who has eduelauses. Usually, reduced relative clauses as i
cated the students, will present thé5)lead to longer reading times on the by-phrase
diplomas.) than full relative clauses, because readers prefe
(4) Morgen zullen de studenten, die de pra main verb reading of the past participle (in (5)
fessor opgeleid heeft, de diploma’ssexamined, which has to be revised on reading
ontvangen. the by-phrase. Trueswell et al. showed that the
Tomorrow will the students, that thedifference between reduced relative clauses an
professor educated has, the diplomatill relative clauses disappeared when the nour
receive. before the verb was inanimate, as in (6).
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(5) The defendant examined by the lawyer . . notes the original position of the relative pro-
(6) The evidence examined by the lawyer . . noun.

Thus, in this experiment, readers were sensi- (8) This is the man thathas seen the women.
tive to the inappropriateness of the inanimate (9) This is the man that the women have seen

noun as the subject of the verb and used th'.\"“ne empty position that the relative pronoun

information to choose the correct parse of thg,; es behind in the structure (indicatedetiy
sentence. ~(8) and (9)) is called gap,and the relative pro-
I_n relatlye clauses one can also manlpula%un is thefiller for this gap. The AFS states
animacy, In .order to |r_1fluence _the choice be(hat when a reader encounters a filler, it is as
tW(_aen asupject and o_bject relative clause. In t@?gned to the earliest possible gap position. Ir
object relative clause in (7) readers may use hQative clauses, this means that the filler is as
animacy of thg ent|t|es_ in the relatlve.clause tQigned to the subject position, because that is th
choose the object relative clause reading.  gayjiest position possible. This strategy is cor-

(7) Vanwege het onderzoek moet de conf€ct _for SL_iject rel_ative clauses, but is problem-
puter, die de inbrekers gestolen hebbeﬁ,t'c in o_bject_ relatlve_ clauses, because the suk
nog een tijdje op het poIitiebureauJeCt pogltlon is occupied (by the noun phrése
blijven. womernin sentence (8)). Thus, the AI_:S proposes
Because of the investigation must thg_wat the rea_der chposes the analys_ls of the relz
computer, that the burglars stolen havellve clause_ immediately at the relgtlve pronoun.

some time stay at the police station. The AFS is based on the syntactic structure o

(Because of the investigation, the Comt_he relative clause. Semantic information canno

puter, that the burglars have stolen, hatifluénce the parsing decision. _
to remain at the police station for some 1h€ SPLT (Gibson, 1998) also claims that

time.) readers choose the analysis of the relative claus
immediately at the relative pronoun. The SPLT
Since animacy information is already availposits that readers choose an analysis of the re
able at the antecedent, readers could in principdéive clause on the basis of the memory load o
use this information at an early stage in the prthe alternatives. According to the SPLT, there is
cessing of relative clauses. At least two proma cost associated with remembering each con
nent theories of sentence processing, the Actigétuent that is required to complete the curren
Filler Strategy (AFS; Frazier, 1987; Frazier &nput string as a grammatical sentence. Wher
Flores d’Arcais, 1989) and the Syntactic Predidhe reader encounters the relative pronoun, ther
tion Locality Theory (SPLT; Gibson, 1998), dois a difference in the number of required con-
not predict such influence of animacy. Thes#tituents between subject relative clauses an
theories are of special interest here, as they hadgject relative clauses. To complete the claust
explicitly addressed the ambiguity between sulas a subject relative clause, two constituents ar
ject and object relative clauses in Dutch. necessary: a subject NP-trace and a verb. T
The AFS is based upon the difference in symwomplete the sentence as an object relative
tactic structure between subject relative clausekuse, three constituents need to be held i
and object relative clauses. According to transaemory: a subject NP, an object NP-trace, and :
formational linguistic theories (see Haegemawgrb. Because the parser prefers the interprete
1994; Radford, 1997), the relative pronoun ition with the fewest required constituents, the
the subject relative clause originates in subjectause is analyzed as a subject relative clause
position and is then moved to clause-initial posiFhe SPLT does not predict that the decision is
tion. The relative pronoun in the object relativinfluenced by the semantic content of the enti-
clause originates in the object position and iges in the relative clause.
also moved to clause-initial position. This is il- In the following, we will first present a cor-
lustrated in sentences (8) and (9), in wrede- pus study of Dutch and German newspaper
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texts, in which we look at the effects of animacy(13) the antecedent is inanimate, and the entit)
on the distribution of subject and object relativen the relative clause is animate. Sentence (12) i
clauses. Next, we will present two processing subject relative clause; sentence (13) is an ok
studies, in which we look at the on-line effect ofiect relative clause. The number of relative
animacy on the processing of Dutch relativelauses in each category in his corpus is given il
clauses. By manipulating the animacy of the erparentheses.
tities in the relative cla_use one might be able to (10) . . . der Junge, der den Stein warf. (103)
guide the reader to either interpretation of the
. . . . the boy, that(nom) the stone
relative clause at an early stage. Alternatively, if
. : . . (acc) threw.
readers assign the subject and object functions
L : (. . . the boy that threw the stone)

when they read the past participle, the thematic .
: L . - (11) . . . der Junge, den der Stein traf.  (19)
fit of the entities with the past participle may

) . . . . the boy, that(acc) the stone
guide the assignment of subject and object

i (nom) hit.
functions. (- . . the boy that the stone hit)
CORPUS STUDY (12) . . . der Stein, der den Jungen traf. (125)
In this section we will look at the effect of X the stone, that(nom) the boy
(acc) hit.

animacy on the distribution of subject and ob-
ject relative clauses. Zubin (1979) studied
whether there is an effect of animacy on the
distribution of relative clauses in which the
protagonists differ in animacy. Zubin claims
that regularities in language production are
driven by saliency and animacy. An entity thatn (10) and (11) the tendency to use the an
is more salient to the speaker will be the subtecedent of the relative clause as subject and th
ject of the sentence. One of the factors that intendency to use an animate entity as subjec
fluences saliency is the givenness of an entitwork together to favodungeas the subject of
In relative clauses, the antecedent is given, aride relative clause. In sentences like these, sut
the entity within the relative clause is newiject relative clauses, as in (10), frequently occur,
Thus, the antecedent is more salient, and willhereas object relative clauses, as in (11), ar
therefore be used as the subject of the relativefrequent. In (12) and (13%teinis available as
clause. Also, an animate entity will be prethe subject of the relative clause because it is th
ferred over an inanimate entity as the subject @fntecedent, andlinge(n)s available as the sub-
the sentence. As a result, there are two forcesjatt of the relative clause because it is animate
work in the production of relative clauses inln these categories, both subject relative clause:
which the protagonists differ in animacy: Theas in (12) and object relative clauses, as in (13)
first is the tendency to use the antecedent nowtcur rather frequently.
as subject of the relative clause, and the secondin most experiments that found a preference
is the tendency to use an animate entity as ther subject relative clauses, both entities were
subject of the relative clause. animate. This category, as well as the categon
Zubin (1979) found evidence for this accountvith two inanimate entities, was not included in
in a corpus study of German relative clause&ubin’s study. In our corpus study on Dutch and
with an animate and an inanimate entity. He dGerman newspaper texts, these categories wel
vided the relative clauses of the corpus into foumcluded. For the Dutch corpus study we usec
categories, illustrated in (10) to (13). In (10) antlvo editions of the daily newspapEouw (Sep-
(11) the antecedent is animate, and the entity tember 16 and 17, 1993). These texts containe
the relative clause is inanimate. Sentence (10)120,000 words. For the German corpus study
a subject relative clause and sentence (11) is\we used four editions of the Internet version of
object relative clause. In sentences, (12) artde daily newspapéddie Welt(November 15, 19,

(. . . the stone that hit the boy)
(13) . . . der Stein, den der Junge warf. (181)
. the stone, that(acc) the boy
(nom) threw.
(- . . the stone that the boy threw)
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and 20, 1995, and December 2, 1995). Theseate. It is important to note that there were no
texts contained 75,000 words. object relative clauses in the condition with an
Because we wanted our analysis to resemb#mimate antecedent NP and an animate NP in
the sentences used in on-line studies we sside the relative clause, which is the type of rel-
lected from the corpus only relative clausestive clause that has been used in the exper
with transitive verbs. Relative clauses with in-ments contrasting subject and object relative
transitive verbs do not have an object (aghie clauses in Dutch and German.
man who walks thejeand are therefore by def- Table 2 shows the corresponding results of
inition subject relative clauses. Also, we onlythe German corpus. Again, the analysis was re-
included in the analysis the cases in which botktricted to sentences in which both the an-
the antecedent and the entity introduced in thiecedent NP and the NP in the relative clause
relative clause were full NPs. Relative clausewere full NPs. The comparison of Dutch and
with pronouns were not included, since proGerman is interesting, because of the difference
nouns affect the distribution of subject and obbetween Dutch and German with respect to cas
ject relative clauses in the corpus (Fox &marking. Unlike Dutch, German relative clauses
Thompson, 1990). Though this is an interestingre often disambiguated by case marking on the
issue in its own right, it goes beyond the focuselative pronoun or the full NP in the relative
of the present article. clause. This was the case in 45% of the relative
In the Dutch corpus there were 794 relativelauses in our corpus. In Table 2, the results for
clauses. There were 428 relative clauses with ithe relative clauses that were not disambiguatec
transitive verbs, and 80 with a prominal NP. Thby case marking are given in parentheses.
remaining 286 relative clauses contained both aTable 2 shows that the German data are simi
subject and an object, with a full NP as anar to the Dutch data. In German too, object rel-
tecedent, and a full NP inside the relative clausative clauses are almost exclusively found in the
Table 1 shows the distribution of subject relativeondition with an inanimate antecedent NP anc
clauses and object relative clauses as a functian animate NP in the relative clause. As in the
of the animacy of the antecedent NP and the abutch corpus, object relative clauses with an an-
imacy of the full noun phrase in the relativemate antecedent NP and an animate NP in th
clause relative clause are very infrequent. Interestingly,
The results in Table 1 show that the object refhe relative clauses that are disambiguated b
ative clauses almost exclusively occur in thease marking show the same distribution as the
condition in which the antecedent NP is inanieverall data.
mate and the NP in the relative clause is ani- The Dutch and German corpus data thus
replicate and also extend the results from Zubir
A noun was coded as animate when it denoted huma(‘lj_s979_)' In t_he sentences in which the_ NPs do_no
(proper names or roles), groups of humans (thg.meeting differ in animacy, there are more subject relative
in the meeting decided. .), or animals. clauses than object relative clauses. This is com

TABLE 1

Number of Subject and Object Relative Clauses in the Dutch Corpus as a Function of the Animacy of the
Antecedent NP and the Animacy of the NP in the Relative Clause

Animate antecedent Inanimate antecedent
Animate NP Inanimate NP Animate NP Inanimate NP
in relative clause in relative clause in relative clause in relative clause Tote
Subject relative clauses 21 119 13 53 206
Object relative clauses 0 2 70 8 80

Total 21 121 83 61
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TABLE 2

Number of Subject and Object Relative Clauses in the German Corpus as a Function of the Animacy of the
Antecedent NP and the Animacy of the NP in the Relative Clause

Animate antecedent Inanimate antecedent
Animate NP Inanimate NP Animate NP Inanimate NP
in relative clause in relative clause in relative clause in relative clause Tote
Subject relative clauses 18 (5) 64 (29) 15 (7) 47 (34) 144
Object relative clauses 1(1) 1) 21 (13) 1 (1) 24
Total 19 65 36 48

Note.The results for the relative clauses that are not disambiguated by case marking are given in Parentheses.

patible with Zubin’s ideas, because when the emras an eye-movement experiment. Eye-move:
tities do not differ in animacy, the tendency foment research has been shown to provide a ver
the antecedent to be subject of the relatidirect measure of the cognitive comprehensior
clause causes a predominance of subject relatpy®cesses (e.g., Henderson & Ferreira, 1990)
clauses. Therefore we used this method to assess th
The corpus studies show that animacy influime-course of the effects.
ences the distribution of relative clauses. Also,
the corpus studies show that the object relative EXPERIMENT 1
clauses that have been used in most previoudn the experiments, participants read subject
comprehension studies are very infrequent. Tlaed object relative clauses, similar to the ones
question thus arises, whether in comprehensiosed in Schriefers et al. (1995), Brown et al.
a subject preference will also be visible whe(2000), and Vonk et al. (2000). In these relative
the object of the relative clause is inanimate. Iclauses the animacy of the object of the relative
this type of relative clause both subject relativelause was varied. The four conditions are illus-
clauses (with an animate antecedent and an trated in Table 3. In (A) and (B), both the an-
aminate NP in the relative clause) and objettécedent NP and the NP in the relative clause
relative clauses (with an inanimate antecedewere animate, the type of relative clauses used i
and an animate NP in the relative clause) havepeevious experiments in Dutch and German. In
high frequency in the corpus. the subject relative clauses with an inanimate ob
Evidence that animacy information affectgect (C), the antecedent NP was animate and th
processing immediately comes from a study bYP in the relative clause was inanimate. Finally,
Weckerly and Kutas (1999). In an ERP studin the object relative clauses with an inanimate
using object relative clauses with either an andbject (D), the antecedent NP was inanimate an
mate or an inanimate antecedent Weckerly atige NP in the relative clause was animate.
Kutas showed that animacy effects are visible If readers do not use the animacy of the NP«
already at the antecedent itself. ERPs to inani the assignment of the syntactic function of
mate antecedent nouns were more negative tharbject and object to the NPs, reading times a
ERPs to animate antecedent nouns. Since atfie syntactically disambiguating auxiliary in (B)
macy affects processing this early, readeend (D) should be increased, compared to (A)
should in principle be able to use the anima@nd (C), respectively. However, if readers do use
cue to guide the assignment of subject and ottre animacy cue in (C) and (D) in the assign-
ject roles in the relative clause. Whether reademgent of syntactic functions, the difference be-
actually do so, was tested in two experimentsveen (C) and (D) may either show up earlier, if
Experiment 1 was a self-paced reading studg,reanalysis is initiated on the basis of the ani
using the moving window technique, in whichmacy cue, or even be absent if the animacy cu
we established the basic effects. Experimentg@ides the initial parsing decision.
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TABLE 3

Example Materials in Experiment 1

(A) Subject Relative Clause, Animate Object
Vanwege het onderzoek moeten de inbrekers, die de bewoner beroofd hebben, nog een tijdje op het politiebureau blij
Because of the investigation must the burglars, who the occupant robbed have, some time stay at the police station.
“Because of the investigation, the burglars, who robbed the occupant, had to stay at the police station for some time.”

(B) Object Relative Clause, Animate Object
Vanwege het onderzoek moet de bewoner, die de inbrekers beroofd hebben, nog een tijdje op het politiebureau blijver
Because of the investigation must the occupant, who the burglars robbed have, some time stay at the police station.
“Because of the investigation, the occupant, who the burglars robbed, had to stay at the police station for some time.”

(C) Subject Relative Clause, Inanimate Object
Vanwege het onderzoek moeten de inbrekers, die de computer gestolen hebben, nog een tijdje op het politiebureau b
Because of the investigation must the burglars, who the computer stolen have, some time stay at the police station.
“Because of the investigation, the burglars, who stole the computer, had to stay at the police station for some time.”
(D) Object Relative Clause, Inanimate Object
Vanwege het onderzoek moet de computer, die de inbrekers gestolen hebben, nog een tijdje op het politiebureau blijv
Because of the investigation must the computer, that the burglars stolen have, some time stay at the police station.
“Because of the investigation, the computer, that the burglars stole, had to remain at the police station for some time.”

ative pronourdat also functions as the comple-
mentizer in Dutch.

Participants Forty students of the University In sentences with an animate and an inani-
of Nijmegen participated in the experimentmate protagonist, it is not possible to select verbs
They were native speakers of Dutch. They wethat are semantically unbiased with respect to
paid for their participation. which protagonist is most likely to be the subject

Materials and designWe constructed 32 setsof the relative clause. Therefore, in the sentence:
of four sentences. An example of a set of fowith two animate protagonists, we also selected
sentences is given in Tablé€ Bhe first sentence verbs for which one of the nouns was most likely
of each set (sentence A in Table 3) containedt@be the subject and the other most likely to be
subject relative clause with an animate subjettie object. The biases were established in &
and an animate object. The second sentence (Bgtest, in which participants were shown the
was the object relative clause counterpart of thieuns paired with the verb, as in (14):
sentence: These were derivgd by exchgnging the(l4) De inbrekers beroven de bewoner
antecgdent NP and the NP in the reIanvg clause. The burglars rob the occupant
The third sentence (C) contained a subject rela- 12345
tive clause, with an animate subject, but an inan-
imate object. The fourth sentence (D) was the
object relative clause counterpart of the third )
sentence. The relative clauses consisted of thdn half of the items the sentence that was ex-
sequence die de (nour) (past participle pected to be judged as most likely was presentec
heeft/nebber{see Table 3). Afteheeft/hebben ON the left, in the other half it was presented on
there was a comma, and after the comma théhe right. In one half of the cases the protag(_)nist
were at least three other words that completédt was expected to be judged as the most likely
the main clause. Note that the relative pronoug§biect was singular, in the other half it was plu-
in our items were the same in all conditions. Wel- Twenty participants rated on a 5-point scale,

did not use neuter nouns, because the neuter #flich of the two situations described was more
likely. The scores were recoded into a 5-point

scale in which the lower end of the scale repre-
2The relative clauses in the experiment are generally re_§§nted the Sent_ence that was expected to b
as nonrestrictive, but need not in proper context. judged as most likely and the upper end the sen:

Method

De bewoner berooft de inbrekers.
The occupant robs the burglars
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tence that was expected to be judged as not The organizers have the exhibition,
likely. Thus, if readers chose the end of the scale that thousands of visitors attracted
closest to the biased item, the score would be 1. has, for a month prolonged

The thirty-two items used in the experiment had (The organizers prolonged the exhibi-
a mean score of less than 1.5 and a standard de- tion, that attracted thousands of peo-
viation smaller than 1. The triplets of the two ple, for a month.)

nouns and the verb in the inanimate object con-
dition were not tested for semantic bias, becausx of these filler sentences were subject relative
only one interpretation is possible. The two setslauses and six were object relative clauses
of past participles were matched for lengthThese fillers were included to prevent the situa-
Both sets had a mean length of 9.25 lett€rs<{( tion that an inanimate noun would always func-
1). They were not matched for frequency: Théion as the object of the relative clause. Thus
log frequencies of the past participles in the anparticipants could not develop an experiment-
mate object condition and the inanimate objeapecific strategy.
condition in the CELEX Dutch database (1998) To make sure that the participants read the
were 2.06 and 2.73, respectivel{?(1,31) = sentences carefully, verification statements were
14.03, p = .001). There were three sets ofincluded after 25% of experimental and filler tri-
nouns: The subjects of the relative claude {n- als. Care was taken that the statements did nc
brekersin the example), the animate objectle( draw the attention of the participant to the ex-
bewone), and the inanimate objects. The thre@erimental manipulation. An example is the
sets of nouns were matched for length: Thetatemen&r wordt een onderzoek verricfAn
length of the three sets was 8.78, 8.53, and 8.50yvestigation is being held) for the sentences ir
respectively £ < 1). They were also matchedTable 3.
for frequency: The log frequencies were 2.70, The 32 experimental sentences and 40 fillers
2.65, and 2.44, respectiveli < 1). were pseudo randomly divided into two blocks
An example of the layout of the sentences aof trials. Four experimental versions were con-
the screen is shown in (15) (see Table 3 (A) fatructed. The items occurred in the same orde
the English translation). in each version. The experimental versions were
constructed such that each item occurred ir
(15) -every condition. The participants saw each item
Vanwege het onderzoek moeten de igny once and saw eight experimental items in
brekers, die de bewoner beroofd hebbepgch condition. Each block was preceded by sis
nog een tijdje op het politiebureau blijven. practice trials. Before starting the first experi-

The first line contained the main clause up to tfBental block the participants were presentec
antecedent NP, the second line contained the r&fith @ practice block consisting of 14 trials. The
ative clause and at least two words of the contiRfactice items had constructions similar to the
uation of the main clause, and the third line cor?N€S used in the experiment. o
tained the remaining part of the sentence. Procedure Participants were tested individu-

The 32 experimental sentences were mixédy- They were seated in a dimly lit room in
with 40 filler sentences. Twenty-eight of thes&0nt of a PC monitor and a panel with three but-

had constructions that were unrelated to the rd@nS- The course of a trial was as follows. The

ative clauses. The remaining 12 fillers containdef'ticipants saw a fixation point, indicating
relative clauses, with an inanimate subject arff1ere the sentence would begin. By pushing the

an animate object. An example of such a filldpiddie button they started the trial. The partici-
sentence is given in (16). pants then saw the whole sentence, but the let

ters and commas were replaced by dashes. Onl

(16) De organisatie heeft de tentoonstellinghe full stop at the end of the sentence was visi-
die duizenden bezoekers getrokkeble. When the participants pressed the middle

heeft, met een maand verlengd. button again, the first word of the sentence ap-
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peared. They pushed the middle button again Table 4 presents the mean reading times as
when they had read the word. At this buttorfunction of the type of relative clause and the
press the first word was replaced by dashes, andimacy of the object for all word positions
the second word appeared. This was repeatéom the verb of the main clause up to and in-
until the participants had read the whole sercluding two words after the auxiliary, and for
tence. When there was a comma following #he last word of the sentence. For each positiot
word, it was presented together with that wordpresented in Table 4, two analyses of variance
In most of the trials, when the participantavere computed, one with participants (F1) and
pressed the middle button after the last word aine with items (F2) as a random variable. Ani-
the sentence, they saw the fixation point indicathacy of Object (animate object vs inanimate
ing the next trial, but in some cases the particiebject) and Clause Type (subject relative clause
pants saw the worbdewering(statement) for 1 s. vs object relative clause) were the factors in the
The participants then saw a verification stateanalyses.
ment about the sentence. The participants had toThere were no main effects or interactions at
judge whether this statement was consistent withe verb in the main clause. At noun 1 there wa:
the content of the sentence they had just read.dh effect of Clause Typ&1(1,39)= 8.26,p <
it was consistent they had to press the right but01; F2(1,31) = 8.03,p < .01): At this position
ton, if not they had to press the left button. subject relative clauses were read faster than ol
ject relative clauses. This effect was unexpected
but may be due to the fact that at this position
Reading times longer than 4000 ms (8 casaw0 different sets of nouns were compared.
0.03%) were excluded from further analysidHowever, at the noun in the relative clause, the
From the remaining reading times those thabme two different sets of nouns were com-
were more than two standard deviations awgared. At that position, there was no difference
from the participant and item means at a givefrl < 1;F2(1,31)= 1.07,p = .31).
position in each condition (254 cases, 1.25%), The sentences were syntactically disam-
were excluded. On average, the participantsguated at the auxiliary. The only significant
gave the correct answer to 95% of the compreesult at this position was an effect of Animacy
hension questions. of Object: the sentences with an animate objec

Results

TABLE 4

Mean Reading Times in Experiment 1 as a Function of Animacy of Object and Clause Type

Animate object Inanimate object
A B C D
SR OR SR OR
Main clause
Main clause verb 338 348 343 335
Determiner 1 290 294 292 298
Noun 1 440 468 439 487
Ambiguous Region
Relative pronoun 379 367 369 379
Determiner 2 292 295 290 288
Noun 2 333 344 341 348
Past participle 378 379 360 372
Disambiguation
Auxiliary 477 486 414 410
Main Clause
Aux + 1 350 386 347 336
Aux + 2 294 306 299 292

Last word 501 542 493 498
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were read significantly slower than the serence between the relative clauses with an ani
tences with an inanimate objed¥1(1,39) = mate object and the relative clauses with ar
12.12,p = .001;F2(1,31) = 10.31,p < .005). inanimate object. However, the effect may mear
There was no effect of Clause Type at this poghat it was more difficult for the readers to de-
tion (both Fs< 1). Also, there was no interac-cide on subject and object functions in the ani-
tion of Clause Type and Animacy of Objectnate object condition, that is, the condition with
(both Fs< 1). two animate protagonists, than in the inanimate
At the first word after the auxiliary, however,object condition, in which there was one ani-
there was a main effect of Clause Type in th@ate and one inanimate protagonist. The crucia
participant analysisH1(1,39)= 4.11,p < .05), question, however, is whether there was an in
but in the item analysis this effect was not sigeraction between Animacy of Object and
nificant F2(1,31) = 2.17,p > .15). There was Clause Type. At the word following the auxil-
also a main effect of Animacy of Objectiary, this was indeed the case. In the inanimate
(F1(1,39)= 14.24,p = .001;F2(1,31)= 8.48, object condition there was no difference in read-
p < .01). These main effects were qualified bing times between the subject relative clause
an interaction of Animacy of Object and Clausand the object relative clause immediately after
Type at this positionF1(1,39) = 16.33,p < the auxiliary, whereas in the animate object con-
.001; F2(1,31) = 11.67,p < .005. Separate dition, the reading times at this position were
analysis at this position for the animate objeddnger for the object relative clause than for the
and the inanimate object condition showed thatbject relative clause. In fact, the reading time
the effect of Clause Type was significant in that the first word after the auxiliary for the object
animate object conditionF@(1,39) = 12.56, relative clauses with an inanimate object was
p <.001;F2(1,31)= 11.42,p < .005), but not equal to the reading times for subject relative
in the inanimate object conditiofr1(1,39) = clauses with an animate object. Apparently, the
2.58,p> .10;F2(1,31)< 1). participants only had difficulty reading object
At the last word of the sentence the pattern oélative clauses when both the subject and the
reading times was similar to the pattern of readbject were animate.
ing times at the first word after the auxiliary. At The difference in reading time between the
this position, however, the only significant resulsubject relative clauses and the object relative
was the main effect of Animacy of Object in thelauses with an animate object did not occur a
analysis over participant€1(1,39) = 4.24, the disambiguating auxiliary, but at the word
p < .05. In the items analysis this effect was natfter it. This may be a consequence of the fac
significant:F2(1,31)= 1.24,p = .27. The inter- that readers started a reanalysis some time aft
action of Animacy of Object and Clause Typé¢he disambiguation, but it may also be a conse
was not significant eitheF1(1,39)= 1.37;p > quence of the fact that in self-paced reading
.20; F2 < 1. At the other positions, there wereghere are often spill-over effects to the next word
no main effects or interactions. (Just, Carpenter, & Woolley, 1982). This may
explain the absence of an interaction at the aux
iliary. If the effect originating at the auxiliary
An effect of Animacy of Object was found atshows up at the following word, the main effect
the auxiliary. At this position, the sentences witbbf Animacy of Object that was found at the aux-
two animate NPs had longer reading times thallary may also originate from the previous
the sentences with an animate and an inanimaterd, i.e., the past participle. The crucial find-
NP. One must be careful interpreting this maiimg in the experiment is that in the inanimate ob-
effect, because different past participles weject condition there was no sign of a difference
used in the animate object and the inanimate diletween the subject relative clauses and the ol
ject conditions, and there was a frequency difect relative clauses at the disambiguating auxil-
ference between the two sets of past participléary or later in the sentence. Also, there were nc
Also, the effect may be due a plausibility differdifferences in reading times at earlier positions

Discussion
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in the relative clause. In the animate object comay be visible in first-pass reading times, but it
dition object relative clauses lead to longer readiay also be visible in longer regression paths
ing times at the word following the auxiliary.  originating from the clause-final word.
The only difference in reading time between
the sentences with inanimate objects appearM?thOd
at the noun before the relative clause. This effectParticipants Thirty-two students of the Uni-
may be due to the fact that the words used vwrersity of Nijmegen participated in the experi-
that position are different across conditions. tnhent. They were native speakers of Dutch. All
that explanation holds, however, there shouldad normal or corrected to normal vision. The
also have been a difference at the noun in tparticipants were paid for their participation.
relative clause, because the same sets of noun$/aterials Forty-eight sets of four sentences
are compared there. We will return to this issugere used in the experiment. We added 16 nev
in the discussion of Experiment 2. sets of sentences to the 32 sets that were used
Experiment 1. A prepositional phrase was addec
EXPERIMENT 2 after the auxiliary in the relative claus€his is
The self-paced reading experiment shows thi#lustrated in (17) for version (A) of Table 3.
there is no difference in reading time between
subject and object relative clauses when the ob-
ject of the relative clause is inanimate. In Exper-
iment 2 we wanted to gain more insight into the
nature of the effects: Is the interaction between
Clause Type and Animacy of Object, which was
observed at the word after the disambiguating
auxiliary in Experiment 1, an effect that origi-
nates from the auxiliary, or from wrap-up
processes at the end of the relative clause? We
therefore conducted an eye-tracking experiment
with the same kind of materials as in Experi-
ment 1. A prepositional phrase was added after
the auxiliary in the relative clause to separate ef- The conditions were the same as in Experi-
fects originating from the auxiliary from end-of-ment 1. As in Experiment 1, the past participles
clause wrap-up effects. If the processing prolin the animate object condition and the past par
lems are immediate syntactic problems, theteiples in the inanimate object condition were
should be differences in the initial reading of thenatched for length (the mean length was 9.27 ir
auxiliary. If the processing differences onlyboth conditionsf < 1), but not for frequency
show up in the wrap-up processes at the end (61,47) = 13.27,p = .001). The log frequen-
the clause, there should only be differences eies were 2.07 and 2.70 for the past participles
the final noun of the relative clause, before tha the animate and the inanimate condition, re-
comma. spectively. There were three sets of nouns: The
We used two dependent measures. As a measbjects in the relative clausalfrekersin the
ure of immediate processing, we used the firstxample), the animate objectse(vone), and
pass reading times (e.g., Rayner, 1998). The inanimate objectcdmputej. These were
measure wrap-up processes at the end of the rel-
ative clause, we used the regression path duraiwe did not use percentages of regressions to measur
tion (Konieczny, 1996; Konieczn% Hemforth wrap-up processes, because we expected these to be simil
Scheepers, & Strube, 1997)7 which includei§ all cases where wrap-up processes occur (cf. Rayner
both first-pass reading times and the duration &mbe’ & Duffy, 2000). "
) Though adding a prepositional phrase after the clause
the regression path. If the effects are due §Ral verb cluster is not possible in other verb-final lan-
wrap-up processes at the end of the clause, thigges, such as German, it is perfectly natural in Dutch.

(17) Vanwege het onderzoek moeten de in-
brekers, die de bewoner beroofd

hebben in het weekend, nog een tijdje
op het bureau blijven.

Because of the investigation must the
burglars, who the occupant robbed

have over the weekend, some time
stay at the police station

(Because of the investigation, the

burglars, who robbed the occupant
over the weekend, had to stay at the
police station for some time.)
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matched for lengthH < 1): The mean length  Procedure Before the experiment each par-
was 8.15, 8.29, and 8.31 for the subjects, the aticipant was told about the purpose of the appa
imate objects, and the inanimate objects, respaetus. Two tests were done to assess the qualil
tively. The nouns were also matched for fresf the participants’ vision. Then the apparatus
quency F(1,46) = 1.34,p = .27). The log was adjusted, so that the participant would be
frequencies were 2.77, 2.72, and 2.62 for theeated as comfortable as possible, and the bit
subjects, the animate objects, and the inanimaiar was prepared. The calibration procedure fo
objects, respectively. the eye tracker was explained and the partici
The 48 experimental sentences were mixqzhnts were instructed to read the sentences ¢
with 60 filler items. Forty-two of the filler items that they understood the meaning and would b
did not contain relative clauses. The remainingble to verify statements about them.
18 fillers contained relative clauses with inani- Each block started with a calibration, and
mate subjects and animate objects. Nine dfere was an additional calibration in the middle
those were subject relative clauses, and the otlefreach experimental block. Each experimental
nine were object relative clauses. As in Experblock contained 60 sentences. Before every fou
ment 1, these fillers were included to avoid a sisentences a short recalibration was performed t
uation in which the inanimate nouns alwaysorrect for possible shifts in head position after
were the object of the relative clause. Thus, pahe calibration. Each trial started with an aster-
ticipants could not develop an experiment-spésk indicating where the next sentence would
cific strategy. The layout of the sentences on tlséart. The participants were instructed to look at
screen was the same as in Experiment 1: On tthe asterisk, and then to press the button, whicl
second line, there were at least two words aftarade the sentence appear on the screen. Whe
the relative clause. the participants had finished reading the sen
The 108 sentences were pseudorandomly dénce, they pressed the button again, which, ir
vided into two blocks of trials, each of whichmost cases, started the next trial. In 25% of the
was preceded by six practice items. Four expdrials the sentence was followed by a verifica-
imental versions were constructed. The itenton statement. The participants had to judge
occurred in the same order in each version. Théether the statement was consistent with the
experimental versions were constructed sudontent of the preceding sentence by pressin
that each item occurred in every condition. Thene of two buttons. This button press started the
participants saw each item only once, and sawext trial.
12 experimental items in each condition. Before The participants were instructed not to blink
the first experimental block the participantsvhen reading the sentences. They were allowe
were presented with a practice block consistirtg blink when they were reading a statement ol
of 14 items. fixating an asterisk.
Apparatus The materials were presented on a
NEC MultiSync 5FG computer monitor in 8ooResults
X 600 pixel mode. The distance between the In an eye movement experiment, participants
participants’ eyes and the monitor was 85 cemre free to move their eyes across the text a
timeters, making 1° of visual angle equivalent tthey want. This implies that not every word is
4.4 character positions. fixated, which leads to missing data on some
The eye movements were recorded using awords in some trials. The amount of missing
AmTech ET3 eye tracker. Both X and Y posidata varies depending on, among other things
tions were collected with a sample frequency d@he frequency and the length of a word (Rayner
200 Hz, and a spatial resolution of .25°. Onl}998). Determiners, for example, are very often
the movements of the right eye were recordedot fixated, among other things because they ar
although vision was binocular. Head moveshort. Nouns, on the other hand, are on averag
ments were restricted by the use of a chin amduch longer, and therefore they are almost al-
forehead rest and a bite bar. ways fixated. We therefore did not analyze the
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sentences word by word, but combined wordsuxiliary), and this fixation often was located at
into regions. The regions that were analysed atee end of the participle. These readers presurr
given in brackets in (18). ably have seen the number marking on the aux
iliary parafoveally. Another region that was af-

(18) Vanwege het onderzoek[ moeten][ d?ected was the past participle: At that position

inbrekers ] die[ de bewoner]| berO()fd]there was one exclusion in the analysis by par
[ hebben][ in het][ weekend,][ nog een y yp

- oo o ticipants and one exclusion in the analysis by
tijdje op het] politiebureau blijven. . . .

. Co items. Also the region that contained the prepo-
Because of the investigation[must

itton and the determiner of the clause-final
[the burglars,] who[the occupant] "
prepositional phrase was affected. There were
[robbed] [have][over the][weekend,] lusi in the analvsis by par
[some time stay at the] policetw.0 and three_ exclusions in 1Y yp
station ticipants a_nd |tems3 _respectlvely. Finally, at the
noun of this prepositional phrase there were twc
The antecedent NPs (NP1) and the NPs in thexclusions in the analysis by items.
relative clause (NP2) were analyzed as a whole. Two measures were computed. The first was
The relative pronoun was not analyzed, becauglee first-pass reading time, which is the time a
it was almost always skipped. Instead, an addieader spends in a region before leaving the re
tional analysis was done on the region consistion either to the left or to the right. We in-
ing of the relative pronoun and NP2. Thecluded the duration of the saccades betwee
preposition and determiner of the clause-finaduccessive fixations in our measures, since w
prepositional phrase were analyzed separataip not assume that lexical processing and ser
from the noun, because we wanted to measutence processing stops during saccades (c
potential clause wrap-up effects at the nourCozyn, 2000; Irwin, 1998). The first-pass read-
The last region we analyzed was the region foing time provides a good measure of the initial
lowing the relative clause, which finished thgrocessing of a region. The second measure we
second line of text. This region contained athe regression-path duration, defined as the tim
least two words. spent in a region in first pass before leaving tha
If a participant skips a region frequently, theegion to the rightplusall the time spent in re-
participants’ mean in a condition may be baseagtessing to earlier parts of the sentence
on only a few or even only one observation. Thigonieczny, 1996; Konieczny et al., 1997).
can cause outliers to have a strong effect on theFor each of the regions defined above, two
results. Therefore, we decided only to include analyses of variance were computed, one with
subjects’ mean in the statistical analyses if thigarticipants 1) and one with itemsFQ) as a
mean was based on at least 4 out of the makindom variable. The factors included in the
mally possible 12 observations. In the itemanalyses were Animacy of Object (animate ob-
analysis the item mean was included if the megect vs inanimate object) and Clause Type (sub
was based on at least three out of the maximaict relative clause vs object relative clause).
possible eight observations. This procedure afvhen there was an interaction between thes
fected almost only the region that contained tHactors, separate analyses of variance were con
auxiliary. At that position 14 of the 32 partici-puted for the Animate Object condition and the
pants were excluded from the analysis by partithanimate Object condition, with the factor
ipants, and in the analysis by items, 22 of the 48lause Type (Subject Relative clause vs Objec
items were excluded. It appeared that some p#&telative clause). In the following the results for
ticipants almost always skipped the auxiliarfirst-pass reading times and regression-path du
when they read the sentence. This does mattion will be presented separately.
imply, however, that they did not take up the dis- On average, the participants gave the correc
ambiguating information provided by the auxilanswer to 92% of the comprehension questions
iary. Some readers typically only had one fixa- First-pass reading times Reading times
tion in the verb cluster (past participle andhorter than 50 ms (5 cases, 0.05%) were ex:
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cluded from further analysis. Reading timesect: F1(1,30) = 7.24,p < .05; F2(1,46) =
that were more than two standard deviation8.94,p = .05.
from the participant and item means at a given The sentences were disambiguated at the aux
position in each condition (54 cases, 0.6%]liary. If readers use the disambiguating syntac-
were excluded. The means by subjects of thc information immediately when it is available,
first-pass reading times as a function of Clausgne would expect an interaction of Animacy of
Type and Animacy of Object are presented iDbject and Clause Type in the first-pass reading
Table 5. times at this position. There was a main effect
At the verb in the main clause there were nef Clause Type F1(1,17) = 7.01, p < .05;
main effects or interactions. At the antecedef2(1,25)= 6.23,p < .05) and no main effect of
NP (NP1) there was no main effect of Animacynimacy of Object. The interaction between An-
of Object or Clause Type, but the interaction bémacy of Object and Clause Type was significant
tween these factors was significafi(1,31)= in the item analysis, whereas there was only a
6.67,p < .05,F2(1,47)= 4.22,p < .05. In the trend in the participant analysi$1(1,17) =
separate analyses there was no effect of Claug@3,p = .06;F2(1,25) = 9.30,p = .005. The
Type in the sentences with an animate objegieparate analyses showed that in the sentence
F1(1,31) = 3.36,p = .08; F2(1,47) = 1.15, with an animate object the object relative clauses
p = .29. In the sentences with an inanimate olled to a longer first-pass reading time than the
ject the antecedent NP was read significantiubject relative clauses (259 ms vs 230 ms,
slower in the object relative clause conditioF1(1,21) = 6.29,p < .05; F2(1,33) = 10.009,
than in the subject relative clause condition ip < .005). In the sentences with an inanimate
the participant analysi$={(1,31) = 4.10,p = object there was no effect of Clause Type (both
.05), and there was a trend in the item analy$i%s < 1). Note that, as we indicated before, at
(F2(1,47)= 3.60,p = .06). this position there were many exclusions on the
There were no significant results at NP2, thigasis of insufficient data points. An analysis in-
NP in the relative clause. Also in the additionatluding also means based on fewer than four
analysis on the region containing the relativdata points for participants and less than three
pronoun and NP2 there were no significant retata points for items yielded similar results.
sults. At the past participle, there was one signif- At none of the regions after the auxiliary were
icant effect, the main effect of Animacy of Ob+there significant main effects or interactions.

TABLE 5

Mean First-Pass Reading Times in Experiment 2 as a Function of Animacy of Object and Clause Type

Animate object Inanimate object
A B C D
SR OR SR OR
Main clause
Main clause verb 257 266 257 260
NP1 (antecedent) 374 353 366 392
Ambiguous Region
NP2 358 369 371 361
Past participle 316 317 304 292
Disambiguation
Auxiliary 230 259 239 243
Prepositional phrase
Prep.+ Det. 256 260 246 252
Noun 283 284 274 276
Main clause

Rest of line 516 514 504 493
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Regression path durationReading times At the past participle, there was a significant
shorter than 50 ms (4 cases, 0.04%) and longeain effect of Animacy in the participant
than 4000 ms (3 cases, 0.03%) were excludedalysis only F1(1,30) = 5.05, p < .05;
from further analysis. From the remaining read=2(1,46) = 2.56,p = .12), a significant main
ing times those that were more than two staeffect of Clause Type in the participant analy-
dard deviations away from the participant andis only #1(1,30) = 4.38, p < .05; F2(1,
item means at a given position in each conditiof6) = 1.65,p = .20), and no interaction. At
(105 cases, 1.1%), were excluded. The regrase auxiliary there was a main effect of Ani-
sion path durations and the percentages of maacy in the item analysis only¢1(1,17) =
gression for the other regions are presented 2056,p = .12; F2(1,25) = 2.56,p < .05. Al-
Table 6. though the pattern of results was similar to

There were no significant main effects or inthe pattern of results in the first-pass reading
teractions at the verb in the main clause. In theémes, the main effect of Clause Type was only
region containing NP1 there were no main efmarginally significant in the participant analy-
fects of either factor. However, the interaction okis F1(1,17)= 4.11,p = .06;F2 < 1) and the
Animacy of Object and Clause Type was signifiinteraction was only marginally significant in
cant:F1(1,31) = 13.35,p = .001;F2(1,47) = the item analysisK1 < 1; F2(1,25) = 3.76,
14.02,p < .001. In the conditions with an ani- p = .06). The lack of significant effects in the
mate object there was a trend toward an effect oégression path duration at this position may
Clause Type in the participant analysis1(1, be due to the small percentage of regression:
31)= 3.38,p = .08), but not in the item analysis at this position. The inclusion of the regression
(F2(1,47) = 1.93,p = .17). In the conditions path data may only have increased the variance
with an inanimate object there was a significarin the data, which may have led to the disap-
effect of Clause TypeF1(1,31) = 9.75,p < pearance of the significant effect that was
.005;F2(1,47)= 14.10,p < .001. At NP2 there present in the first-pass reading times. At the
were no significant main effects or interactionstegion immediately following the auxiliary
Also, in the additional analysis on the region in{the preposition and the determiner of the
cluding the relative pronoun and NP2 there werprepositional phrase) there were no significant
no significant main effects or interactions. main effects or interactions.

TABLE 6

Regression Path Duration in Experiment 2 as a Function of Animacy of Object and Clause Type
(Percentages of Regression are Given in Parentheses)

Animate object Inanimate object
A B C D
SR OR SR OR
Main clause
Verb 300 (12) 310 (12) 320 (12) 309 (11)
NP1 519 (31) 481 (27) 491 (26) 559 (29)
Ambiguous region
NP2 422 (15) 437 (13) 432 (14) 434 (16)
Past participle 339 (5) 331 (5) 333 (6) 305 (4)
Disambiguation
Auxiliary 266 (6) 291 (5) 255 (3) 264 (4)
Prepositional phrase
Prep.+ Det. 331 (14) 319 (12) 324 (14) 299 (11)
Noun 342 (12) 379 (16) 350 (14) 319 (11)
Main clause

Rest of line 604 (18) 630 (18) 590 (15) 579 (17)
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If the need for a reanalysis during the readingund at the auxiliary itself, in the first-pass
of a clause affects the wrap-up processes at tfeading times. Since the auxiliary was not
end of the clause one would expect an interaclause-final in this experiment, the effect cannot
tion of Animacy of Object and Clause Type abe due to clause wrap-up.
the noun in the prepositional phrase, which was Apart from the interaction of Animacy of Ob-
the last word of the relative clause. At this posject and Clause Type in the first-pass readinc
tion, there was a significant effect of Animacy ofimes at the auxiliary, there was also an interac:
Object in the participant analysiE1(1,31) = tion of these factors in the regression path dura
5.01, p < .05), but not in the item analysistion at the clause-final noun. Reading times in
(F2(1,45)= 1.98,p = .17). There was no main object relative clauses were only delayed wher
effect of Clause Type at this position. There wake object of the relative clause was animate. The
a significant interaction of Clause Type and Annteraction at this position can be interpreted as «
imacy of Object:F1(1,31) = 7.01,p < .05; clause wrap-up effect. Thus, both an immediate
F2(1,45)= 4.58,p < .05. Again, reading times and a wrap-up effect show up in the data.
were longer in the object relative clauses in the At the past participle, a main effect of Ani-
conditions with an animate objeétl(1, 31)= macy was found. Again, one must be careful in
3.19,p = .08; F2(1,45)= 4.50,p < .05. In the interpreting this main effect, since different past
conditions with an inanimate object there was participles were used in the animate object anc
trend toward an effect in the opposite directiothe inanimate object condition, and the two sets
in the participant analysisF{(1,31) = 3.56, of past participles differed at least with respect
p = .07), but not in the item analysi&Z(1, to frequency. However, the fact that the main ef-
47)= 1.58,p = .22). fect of animacy showed up at the past participle

At the region after the relative clause therén this experiment suggests that the main effec
was a trend toward an effect of Animacy ofof animacy found at the auxiliary in Experiment
Object in the item analysis, but not in the pard was indeed spillover from the past participle.
ticipant analysis:F1(1,31) = 1.30,p = .26; The results at the antecedent NP indicate tha
F2(1,47)= 3.63,p = .06. There were no other the animacy manipulation was effective. Both in
significant main effects or interactions. the first-pass reading time and in the regressiol
path duration in the inanimate object condition
there was a difference in reading time betweer

The eye-movement experiment shows a dithe animate antecedent NP of the subject rela
ference in processing difficulty between théve clause and the inanimate antecedent NP ¢
subject and object relative clauses when bothe object relative clause. The problem in inter-
protagonists are animate. This difference conpreting this effect is that the comparison is made
pletely disappears when the object of the reldetween different sets of nouns. Though the
tive clause is inanimate. When the object isouns were matched for mean length and fol
inanimate, there is no trace of a difference ifitequency, there may have been other differ-
processing difficulty between subject and okences between the sets of words that cause
ject relative clauses. In this respect, the selfhese differences in reading times. However, the
paced reading experiment and the eye-moveffect is perfectly in line with the findings of
ment experiment give the same result. Weckerly and Kutas (1999), who found that

In Experiment 1, an interaction between AniERPS to an inanimate noun in subject position,
macy of Object and Clause Type was found #tat was the antecedent of a relative clause, wer
the word after the auxiliary. The question wamore negative than the ERPs to an animate nou
whether this interaction was a spillover effedn the same position.
from the auxiliary, or whether it was present
only in the clause wrap-up. The data from the GENERAL DISCUSSION
eye-movement experiments show that the effectUntil now, experiments in Dutch and German
is not delayed, because the interaction wédmve consistently shown that object relative

Discussion
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clauses are more difficult to process than subjeddause analysis while reading the ambiguous re
relative clauses (Brown et al., 2000; Schriefergion. Such an effect may not show up in the
et al., 1995; Mecklinger et al., 1995; Vonk et aldata, since readers can make this reanalysis
2000). The experiments also showed that tlay point in the ambiguous region, which is four
manipulation of thematic fit did not result in thevords long (i.e., from the relative pronoun up to
elimination of the processing difficulty in objectand including the past participle). Hence, the
relative clauses with two animate protagonisata do not exclude entirely the possibility of a
compared with subject relative clauses. Theanalysis in the object relative clauses with ar
studies used semantically biased verbs of tlianimate object.
type used in the animate object condition of the However, the present data do show that ani-
present study. The results show that this semanacy affects the processing of relative clauses
tic information was not enough to override th®n the basis of this result, one must seriously
preference for subject relative clauses. The rexplore the possibility that the semantic cue of
sults of the animate object conditions of thanimacy immediately guides the choice for an
present study, which also used semantically binalysis of the relative clause. This direct guid-
ased verbs, provide a replication of this resulance may take several forms. First, if readers
On the basis of these results one could argaboose an analysis of the relative clause imme-
that the manipulation of thematic fit does not afiliately when they read the relative pronoun, the
fect the processing of subject and object relatiaimacy of the antecedent may determine the
clauses. However, the semantic manipulation pfeferred analysis of the relative clause. When
animacy clearly did affect processing. In théhe antecedent is animate, readers may choos
conditions with an inanimate object, there werthe subject relative clause reading, but when the
no reading time differences between subject alaitecedent is inanimate they may choose the
object relative clauses. Thus, animacy influsbject relative clause reading. If that is the case,
ences the parse of relative clauses. no processing difficulty is expected in object
The theories of relative clause processing diselative clauses with an inanimate object, since
cussed in the introduction do not predict the efhe antecedent is inanimate in these cases. Se
fect of animacy. Both the AFS and the SPLBnd, one could assume that readers do no
claim that readers analyze the clause as a subjelabose between a subject and object relative
relative clause immediately at the relative prazlause reading when they read the relative pro-
noun. The AFS claims that the parsing decisiamun (which is the case in the AFS and the
is due to the difference in syntactic structure b&PLT), but only when they process the NP that
tween subject and object relative clauses, afallows it. Then, at that position, readers are
this difference is the same irrespective diced with two entities that compete for the role
whether the object of the relative clause is andf subject and object of the relative clause. One
mate or inanimate. The SPLT posits that thef the sources of information that readers can
choice for a subject relative clause is based aise to resolve this competition is the animacy of
the number of categories that must be predictatie NP’s involved. If the NP’s differ in animacy,
This number of categories is also independent thfe reader chooses the animate NP as the sut
animacy. Hence, according to both theories, thect of the relative clause. This account predicts
animacy of the object of the relative clause doélsat there will be no difference between subject
not influence the parsing decision made at thelative clauses and object relative clauses in the
relative pronoun. cases in which the subject is animate and the
Thus, both accounts predict that a reanalysibject is inanimate.
is necessary in object relative clauses irrespec-However, what happens when the NP’s are
tive of the animacy of the object. The presergqual in animacy? In that case, readers may us
data are clearly inconsistent with this predictiorthe default assumption that the first NP is the
However, one may argue that readers did revisabject. There are several reasons why this is
a potential commitment for a subject relativplausible strategy. First, this may be a result of
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the givenness of the antecedent in the relatifer the animate entity as the subject. The ab-
clause (Zubin, 1979). Second, readers do nsénce of an effect of thematic fit in the experi-
have to change the topic. The antecedent haents with two animate NPs (Brown et al.,
already been introduced, and is therefore ava2000; Mecklinger et al., 1995; Schriefers et al.,
able to the reader as topic. This topic is prd995; Vonk et al., 2000) may then be a result of
served when the antecedent is the subject of ttie fact that the manipulation of thematic fit was
relative clause (cf. MacWhinney & Pléh, 1988not strong enough to override the preference fo
MacWhinney, 1977). the relative pronoun to be the subject of the rel-
As a matter of fact, the strategy to postponative clause.

the initial analysis until the first constituent after Whatever the precise location of the effect of
the relative pronoun may be useful in Dutch. Ianimacy, the results of our experiments show
object relative clauses, the subject has to occilmat the semantic factor of animacy affects the
immediately after the relative pronoun. Thus, i&nalysis of relative clauses. The data show tha
the first constituent after the relative pronoun ithe possibility that readers use semantic infor-
not an NP, as in (19), the reader knows that tmeation to guide the parse of the relative clause i
sentence must be a subject relative clause. Theserious alternative to theories that claim tha
relative clause in (20) is ungrammatical, bethe initial parsing decision is driven by syntactic
cause the subjectrbuwen is not directly adja- strategies.
cent to the relative pronoun, as in (21), the
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