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In previous research it has been shown that subject relative clauses are easier to process than object relative
clauses. Several theories have been proposed that explain the difference on the basis of different theoretical per-
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spectives. However, previous research tested relative clauses only with animate protagonists. In a corpus
Dutch and German newspaper texts, we show that animacy is an important determinant of the distribution
ject and object relative clauses. In two experiments in Dutch, in which the animacy of the object of the 
clause is varied, no difference in reading time is obtained between subject and object relative clauses w
object is inanimate. The experiments show that animacy influences the processing difficulty of relative c
These results can only be accounted for by current major theories of relative clause processing when a
assumptions are introduced, and at the same time show that the possibility of semantically driven analys
considered as a serious alternative.© 2002 Elsevier Science (USA)
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cessing of relative clauses. For many langua
it has been shown that subject relative clau
such as (1), are easier to comprehend than
ject relative clauses, such as (2):

(1) Morgen zal de professor, die de studen
ontmoet heeft, de diploma’s uitreiken
Tomorrow will the professor, that th
students met has, the diplomas prese
(Tomorrow the professor, who has m
the students, will present the diploma

(2) Morgen zal de professor, die de studen
ontmoet hebben, de diploma’s uitreike
Tomorrow will the professor, that th
students met have, the diplomas prese
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This has been shown for English (e.g., Fo
1983; King & Just, 1991; King & Kutas, 1995
in which the clause is disambiguated at the w
following the relative pronoun, and for Frenc
(Frauenfelder, Segui, & Mehler, 1980; Holmes
O’Regan, 1981), in which there is no ambigu
because the relative pronoun is marked eithe
the subject (qui) or as the object (que) of the rela-
tive clause. Corresponding results have b
obtained for German (Mecklinger, Schriefe
Steinhauer, & Friederici, 1995; Schriefer
Friederici, & Kühn, 1995) and for Dutch (Brown
Hagoort, & Vonk, 2000; Frazier, 1987; Vonk
Brown, & Hagoort, 2000). Using several diffe
ent measures, these studies show that object 
tive clauses are associated with more proces
difficulty than subject relative clauses.
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In English, the clause is disambiguated by 
word following the relative pronoun (a tens
verb or a NP). Dutch and German relat
clauses, however, are verb-final, as shown in
and (2). Therefore, in Dutch and German 
relative clauses are not disambiguated by 
syntactic category of the word following the re
ative pronoun. In German, in many cases the
ative clause is disambiguated by case mark
on the relative pronoun or the noun phrase 
lowing the relative pronoun. In Dutch, there
no case marking on relative pronouns and 
noun phrases, and therefore the relative cla
in (1) and (2) are disambiguated only at the a
iliary. The number-marking on the auxiliary di
ambiguates the sentence toward a subject 
tive clause in (1), in which de professor(sg) is
the subject of the relative clause, and toward
object relative clause in (2) in which de studen-
ten(pl) is the subject of the relative clause.

In Dutch and German it has been investiga
whether the assignment of the subject funct
is influenced by the thematic fit between the e
tities in the relative clause and the main ve
(Brown et al., 2000; Mecklinger et al., 199
Schriefers et al., 1995; Vonk et al., 2000). In t
experiments past participles were used that w
biased to take one of the entities in the relat
clause as the subject and the other as the ob
Sentences like (3) and (4) were presented
which one of the protagonists, in this casede
professor(the professor), is more likely to be th
subject of the main verb (opgeleid,educated)
than the other (de studenten,the students).

(3) Morgen zal de professor, die de studen
opgeleid heeft, de diploma’s uitreiken
Tomorrow will the professor, that th
students educated has, the diplom
present.
(Tomorrow the professor, who has ed
cated the students, will present t
diplomas.)

(4) Morgen zullen de studenten, die de p
fessor opgeleid heeft, de diploma
ontvangen.
Tomorrow will the students, that th
professor educated has, the diplom

receive.
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(Tomorrow the students, whom th
professor has educated, will receive t
diplomas.)

If readers do not commit themselves to an 
signment of the subject and object roles befo
reading the past participle, the thematic fit b
tween the two nouns and the past particip
could be used for this assignment. In this ca
there might be no processing difficulty in obje
relatives as in (4). If, however, readers comm
themselves to an analysis as subject rela
clause already beforethe past participle is read
readers will still show longer reading times 
the object relative clauses: They will either ha
to make a semantically driven reanalysis at 
past participle, or a syntactically driven reanal
sis at the auxiliary. The results were consiste
with the latter prediction: Despite the manipul
tion of thematic fit, reading times at the aux
iary were still longer in sentence (4) than in se
tence (3). This may be taken as evidence for 
position that the preference for subject relati
clauses arises before the past participle is 
countered. When syntactic information (i.e., th
number information at the auxiliary) discon
firms the subject relative interpretation, a r
analysis has to be initiated.

However, one may also argue that the man
ulation of thematic fit was not strong enough 
the experiments described above. The them
fit between the entities in the relative clause a
the main verb may be manipulated mo
strongly by manipulating the animacy of the e
tities in the relative clause (cf. Trueswell, Tane
haus, & Garnsey, 1994). Trueswell et al. us
animacy to manipulate the thematic fit of a se
tence-initial NP with the verb that followed it
This manipulation of thematic fit affected th
reading times for full and reduced relativ
clauses. Usually, reduced relative clauses as
(5) lead to longer reading times on the by-phra
than full relative clauses, because readers pre
a main verb reading of the past participle (in (
examined), which has to be revised on readin
the by-phrase. Trueswell et al. showed that 
difference between reduced relative clauses 
full relative clauses disappeared when the no

before the verb was inanimate, as in (6).
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(5) The defendant examined by the lawyer .
(6) The evidence examined by the lawyer .

Thus, in this experiment, readers were se
tive to the inappropriateness of the inanim
noun as the subject of the verb and used
information to choose the correct parse of
sentence.

In relative clauses one can also manipu
animacy, in order to influence the choice 
tween a subject and object relative clause. In
object relative clause in (7) readers may use
animacy of the entities in the relative clause
choose the object relative clause reading.

(7) Vanwege het onderzoek moet de co
puter, die de inbrekers gestolen hebb
nog een tijdje op het politieburea
blijven.
Because of the investigation must 
computer, that the burglars stolen hav
some time stay at the police station.
(Because of the investigation, the co
puter, that the burglars have stolen, h
to remain at the police station for som
time.)

Since animacy information is already ava
able at the antecedent, readers could in princ
use this information at an early stage in the p
cessing of relative clauses. At least two pro
nent theories of sentence processing, the Ac
Filler Strategy (AFS; Frazier, 1987; Frazier 
Flores d’Arcais, 1989) and the Syntactic Pred
tion Locality Theory (SPLT; Gibson, 1998), d
not predict such influence of animacy. Th
theories are of special interest here, as they 
explicitly addressed the ambiguity between s
ject and object relative clauses in Dutch.

The AFS is based upon the difference in s
tactic structure between subject relative clau
and object relative clauses. According to tra
formational linguistic theories (see Haegem
1994; Radford, 1997), the relative pronoun
the subject relative clause originates in sub
position and is then moved to clause-initial po
tion. The relative pronoun in the object relat
clause originates in the object position and
also moved to clause-initial position. This is

lustrated in sentences (8) and (9), in which ede-
 SCHRIEFERS
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noun.

(8) This is the man that ehas seen the women
(9) This is the man that the women have seene.

The empty position that the relative prono
leaves behind in the structure (indicated by e in
(8) and (9)) is called a gap,and the relative pro-
noun is the filler for this gap. The AFS state
that when a reader encounters a filler, it is 
signed to the earliest possible gap position.
relative clauses, this means that the filler is 
signed to the subject position, because that is
earliest position possible. This strategy is c
rect for subject relative clauses, but is proble
atic in object relative clauses, because the s
ject position is occupied (by the noun phrase the
womenin sentence (8)). Thus, the AFS propos
that the reader chooses the analysis of the r
tive clause immediately at the relative pronou
The AFS is based on the syntactic structure
the relative clause. Semantic information can
influence the parsing decision.

The SPLT (Gibson, 1998) also claims th
readers choose the analysis of the relative cla
immediately at the relative pronoun. The SP
posits that readers choose an analysis of the
ative clause on the basis of the memory load
the alternatives. According to the SPLT, there
a cost associated with remembering each c
stituent that is required to complete the curr
input string as a grammatical sentence. Wh
the reader encounters the relative pronoun, th
is a difference in the number of required co
stituents between subject relative clauses 
object relative clauses. To complete the cla
as a subject relative clause, two constituents
necessary: a subject NP-trace and a verb.
complete the sentence as an object rela
clause, three constituents need to be held
memory: a subject NP, an object NP-trace, an
verb. Because the parser prefers the interpr
tion with the fewest required constituents, t
clause is analyzed as a subject relative cla
The SPLT does not predict that the decision
influenced by the semantic content of the en
ties in the relative clause.

In the following, we will first present a cor

pus study of Dutch and German newspaper
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texts, in which we look at the effects of anima
on the distribution of subject and object relati
clauses. Next, we will present two processi
studies, in which we look at the on-line effect
animacy on the processing of Dutch relati
clauses. By manipulating the animacy of the e
tities in the relative clause one might be able
guide the reader to either interpretation of t
relative clause at an early stage. Alternatively
readers assign the subject and object functi
when they read the past participle, the thema
fit of the entities with the past participle ma

guide the assignment of subject and obje
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CORPUS STUDY

In this section we will look at the effect o
animacy on the distribution of subject and o
ject relative clauses. Zubin (1979) studi
whether there is an effect of animacy on t
distribution of relative clauses in which th
protagonists differ in animacy. Zubin claim
that regularities in language production a
driven by saliency and animacy. An entity th
is more salient to the speaker will be the su
ject of the sentence. One of the factors that
fluences saliency is the givenness of an en
In relative clauses, the antecedent is given,
the entity within the relative clause is ne
Thus, the antecedent is more salient, and w
therefore be used as the subject of the rela
clause. Also, an animate entity will be pr
ferred over an inanimate entity as the subjec
the sentence. As a result, there are two force
work in the production of relative clauses
which the protagonists differ in animacy: Th
first is the tendency to use the antecedent n
as subject of the relative clause, and the sec
is the tendency to use an animate entity as
subject of the relative clause.

Zubin (1979) found evidence for this accou
in a corpus study of German relative clau
with an animate and an inanimate entity. He
vided the relative clauses of the corpus into f
categories, illustrated in (10) to (13). In (10) a
(11) the antecedent is animate, and the entit
the relative clause is inanimate. Sentence (1
a subject relative clause and sentence (11) i

object relative clause. In sentences, (12) a
D PARSING 53
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(13) the antecedent is inanimate, and the en
in the relative clause is animate. Sentence (12
a subject relative clause; sentence (13) is an
ject relative clause. The number of relati
clauses in each category in his corpus is give
parentheses.

(10) . . . der Junge, der den Stein warf. (10
. . . the boy, that(nom) the ston
(acc) threw.
(. . . the boy that threw the stone)

(11) . . . der Junge, den der Stein traf. (1
. . . the boy, that(acc) the ston
(nom) hit.
(. . . the boy that the stone hit)

(12) . . . der Stein, der den Jungen traf. (12
. . . the stone, that(nom) the bo
(acc) hit.
(. . . the stone that hit the boy)

(13) . . . der Stein, den der Junge warf. (18
. . . the stone, that(acc) the bo
(nom) threw.
(. . . the stone that the boy threw)

In (10) and (11) the tendency to use the 
tecedent of the relative clause as subject and
tendency to use an animate entity as sub
work together to favor Jungeas the subject o
the relative clause. In sentences like these, s
ject relative clauses, as in (10), frequently occ
whereas object relative clauses, as in (11),
infrequent. In (12) and (13),Steinis available as
the subject of the relative clause because it is
antecedent, and Junge(n)is available as the sub
ject of the relative clause because it is anima
In these categories, both subject relative clau
as in (12) and object relative clauses, as in (1
occur rather frequently.

In most experiments that found a preferen
for subject relative clauses, both entities we
animate. This category, as well as the categ
with two inanimate entities, was not included 
Zubin’s study. In our corpus study on Dutch a
German newspaper texts, these categories w
included. For the Dutch corpus study we us
two editions of the daily newspaper Trouw(Sep-
tember 16 and 17, 1993). These texts contai
120,000 words. For the German corpus stu
we used four editions of the Internet version

ndthe daily newspaper Die Welt(November 15, 19,
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and 20, 1995, and December 2, 1995). Th
texts contained 75,000 words.

Because we wanted our analysis to resem
the sentences used in on-line studies we
lected from the corpus only relative claus
with transitive verbs. Relative clauses with i
transitive verbs do not have an object (as inthe
man who walks there), and are therefore by de
inition subject relative clauses. Also, we on
included in the analysis the cases in which b
the antecedent and the entity introduced in
relative clause were full NPs. Relative claus
with pronouns were not included, since pr
nouns affect the distribution of subject and o
ject relative clauses in the corpus (Fox
Thompson, 1990). Though this is an interest
issue in its own right, it goes beyond the foc
of the present article.

In the Dutch corpus there were 794 relat
clauses. There were 428 relative clauses with
transitive verbs, and 80 with a prominal NP. T
remaining 286 relative clauses contained bo
subject and an object, with a full NP as a
tecedent, and a full NP inside the relative clau
Table 1 shows the distribution of subject relat
clauses and object relative clauses as a func
of the animacy of the antecedent NP and the
imacy of the full noun phrase in the relati
clause.1

The results in Table 1 show that the object 
ative clauses almost exclusively occur in 
condition in which the antecedent NP is ina

mate and the NP in the relative clause is a us

in
not
ve

1A noun was coded as animate when it denoted hum
(proper names or roles), groups of humans (e.g.,the meeting
in the meeting decided. . .), or animals.

Total 21 121
D SCHRIEFERS
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mate. It is important to note that there were 
object relative clauses in the condition with a
animate antecedent NP and an animate NP
side the relative clause, which is the type of re
ative clause that has been used in the exp
ments contrasting subject and object relati
clauses in Dutch and German.

Table 2 shows the corresponding results
the German corpus. Again, the analysis was
stricted to sentences in which both the a
tecedent NP and the NP in the relative clau
were full NPs. The comparison of Dutch an
German is interesting, because of the differen
between Dutch and German with respect to ca
marking. Unlike Dutch, German relative clause
are often disambiguated by case marking on t
relative pronoun or the full NP in the relative
clause. This was the case in 45% of the relati
clauses in our corpus. In Table 2, the results f
the relative clauses that were not disambiguat
by case marking are given in parentheses.

Table 2 shows that the German data are si
lar to the Dutch data. In German too, object re
ative clauses are almost exclusively found in t
condition with an inanimate antecedent NP a
an animate NP in the relative clause. As in t
Dutch corpus, object relative clauses with an a
imate antecedent NP and an animate NP in 
relative clause are very infrequent. Interesting
the relative clauses that are disambiguated 
case marking show the same distribution as 
overall data.

The Dutch and German corpus data th
replicate and also extend the results from Zub
(1979). In the sentences in which the NPs do 
differ in animacy, there are more subject relati

ans
clauses than object relative clauses. This is com-

otal

6

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 T

Subject relative clauses 21 119 13 53 20
Object relative clauses 0 2 70 8 80
83 61
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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
tities do not differ in animacy, the tendency 
the antecedent to be subject of the rela
clause causes a predominance of subject rel
clauses.

The corpus studies show that animacy in
ences the distribution of relative clauses. Al
the corpus studies show that the object rela
clauses that have been used in most prev
comprehension studies are very infrequent. 
question thus arises, whether in comprehen
a subject preference will also be visible wh
the object of the relative clause is inanimate
this type of relative clause both subject relat
clauses (with an animate antecedent and an
aminate NP in the relative clause) and ob
relative clauses (with an inanimate anteced
and an animate NP in the relative clause) ha
high frequency in the corpus.

Evidence that animacy information affec
processing immediately comes from a study
Weckerly and Kutas (1999). In an ERP stu
using object relative clauses with either an a
mate or an inanimate antecedent Weckerly 
Kutas showed that animacy effects are vis
already at the antecedent itself. ERPs to in
mate antecedent nouns were more negative 
ERPs to animate antecedent nouns. Since 
macy affects processing this early, read
should in principle be able to use the anim
cue to guide the assignment of subject and
ject roles in the relative clause. Whether read
actually do so, was tested in two experime
Experiment 1 was a self-paced reading stu
using the moving window technique, in whi

we established the basic effects. Experiment
n-
r
ve
tive

was an eye-movement experiment. Eye-mo
ment research has been shown to provide a 
direct measure of the cognitive comprehens
processes (e.g., Henderson & Ferreira, 19
ANIMACY AND PARSING 55

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 T

Subject relative clauses 18 (5) 64 (29) 15 (7) 47 (34) 1
Object relative clauses 1 (1) 1 (1) 21 (13) 1 (1) 2
Total 19 65 36 48
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time-course of the effects.

EXPERIMENT 1

In the experiments, participants read subj
and object relative clauses, similar to the on
used in Schriefers et al. (1995), Brown et 
(2000), and Vonk et al. (2000). In these relati
clauses the animacy of the object of the relat
clause was varied. The four conditions are illu
trated in Table 3. In (A) and (B), both the a
tecedent NP and the NP in the relative clau
were animate, the type of relative clauses use
previous experiments in Dutch and German.
the subject relative clauses with an inanimate 
ject (C), the antecedent NP was animate and
NP in the relative clause was inanimate. Fina
in the object relative clauses with an inanima
object (D), the antecedent NP was inanimate a
the NP in the relative clause was animate.

If readers do not use the animacy of the N
in the assignment of the syntactic function 
subject and object to the NPs, reading times
the syntactically disambiguating auxiliary in (B
and (D) should be increased, compared to 
and (C), respectively. However, if readers do u
the animacy cue in (C) and (D) in the assig
ment of syntactic functions, the difference b
tween (C) and (D) may either show up earlier
a reanalysis is initiated on the basis of the a
macy cue, or even be absent if the animacy 

 2guides the initial parsing decision.
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“Because of the investigation, the computer, that the burglars stole, had to remain at the police station for some time.”
Method

Participants. Forty students of the Universi
of Nijmegen participated in the experime
They were native speakers of Dutch. They w
paid for their participation.

Materials and design. We constructed 32 se
of four sentences. An example of a set of f
sentences is given in Table 3.2 The first sentenc
of each set (sentence A in Table 3) containe
subject relative clause with an animate sub
and an animate object. The second sentence
was the object relative clause counterpart of 
sentence: These were derived by exchanging
antecedent NP and the NP in the relative cla
The third sentence (C) contained a subject r
tive clause, with an animate subject, but an in
imate object. The fourth sentence (D) was 
object relative clause counterpart of the th
sentence. The relative clauses consisted of
sequence die de ^noun& ^past participle&
heeft/hebben(see Table 3). After heeft/hebben
there was a comma, and after the comma t
were at least three other words that comple
the main clause. Note that the relative prono
in our items were the same in all conditions. 

did not use neuter nouns, because the neuter re

int
re-

be2 The relative clauses in the experiment are generally re
as nonrestrictive, but need not in proper context.
t.
re

s
ur

d a
ct

 (B)
his
the
se.
la-
n-

he
rd
the

ere
ted
ns
e

 rel-

ative pronoun dat also functions as the comple
mentizer in Dutch.

In sentences with an animate and an ina
mate protagonist, it is not possible to select ve
that are semantically unbiased with respect
which protagonist is most likely to be the subje
of the relative clause. Therefore, in the senten
with two animate protagonists, we also selec
verbs for which one of the nouns was most like
to be the subject and the other most likely to
the object. The biases were established in
pretest, in which participants were shown t
nouns paired with the verb, as in (14):

(14) De inbrekers beroven de bewoner
The burglars rob the occupant

1 2 3 4 5
De bewoner berooft de inbreker

The occupant robs the burglar

In half of the items the sentence that was e
pected to be judged as most likely was presen
on the left, in the other half it was presented
the right. In one half of the cases the protagon
that was expected to be judged as the most lik
subject was singular, in the other half it was pl
ral. Twenty participants rated on a 5-point sca
which of the two situations described was mo
likely. The scores were recoded into a 5-po
scale in which the lower end of the scale rep
sented the sentence that was expected toad
56 MAK, VONK, AND SCHRIEFERS

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
Because of the investigation must the burglars, who the occupant robbed have, some time stay at the police statio
“Because of the investigation, the burglars, who robbed the occupant, had to stay at the police station for some tim

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

(C) Subject Relative Clause, Inanimate Object
Vanwege het onderzoek moeten de inbrekers, die de computer gestolen hebben, nog een tijdje op het politieburea
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 
Because of the investigation must the computer, that the burglars stolen have, some time stay at the police station
judged as most likely and the upper end the sen-
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tence that was expected to be judged as
likely. Thus, if readers chose the end of the sc
closest to the biased item, the score would b
The thirty-two items used in the experiment h
a mean score of less than 1.5 and a standard
viation smaller than 1. The triplets of the tw
nouns and the verb in the inanimate object c
dition were not tested for semantic bias, beca
only one interpretation is possible. The two s
of past participles were matched for leng
Both sets had a mean length of 9.25 letters (F ,
1). They were not matched for frequency: T
log frequencies of the past participles in the a
mate object condition and the inanimate obj
condition in the CELEX Dutch database (199
were 2.06 and 2.73, respectively (F(1,31) 5
14.03, p 5 .001). There were three sets
nouns: The subjects of the relative clause (de in-
brekersin the example), the animate objects (de
bewoner), and the inanimate objects. The thr
sets of nouns were matched for length: T
length of the three sets was 8.78, 8.53, and 8
respectively (F , 1). They were also matche
for frequency: The log frequencies were 2.7
2.65, and 2.44, respectively (F , 1).

An example of the layout of the sentences
the screen is shown in (15) (see Table 3 (A)
the English translation).

(15)
Vanwege het onderzoek moeten de 
brekers, die de bewoner beroofd hebb
nog een tijdje op het politiebureau blijven.

The first line contained the main clause up to
antecedent NP, the second line contained the
ative clause and at least two words of the con
uation of the main clause, and the third line c
tained the remaining part of the sentence.

The 32 experimental sentences were mi
with 40 filler sentences. Twenty-eight of the
had constructions that were unrelated to the
ative clauses. The remaining 12 fillers contain
relative clauses, with an inanimate subject 
an animate object. An example of such a fi
sentence is given in (16).

(16) De organisatie heeft de tentoonstelli
die duizenden bezoekers getrokk

heeft, met een maand verlengd.
 PARSING 57
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The organizers have the exhibition
that thousands of visitors attracte
has, for a month prolonged.
(The organizers prolonged the exhib
tion, that attracted thousands of pe
ple, for a month.)

Six of these filler sentences were subject relat
clauses and six were object relative claus
These fillers were included to prevent the situ
tion that an inanimate noun would always fun
tion as the object of the relative clause. Thu
participants could not develop an experimen
specific strategy.

To make sure that the participants read t
sentences carefully, verification statements we
included after 25% of experimental and filler tr
als. Care was taken that the statements did 
draw the attention of the participant to the e
perimental manipulation. An example is th
statement Er wordt een onderzoek verricht(An
investigation is being held) for the sentences
Table 3.

The 32 experimental sentences and 40 fille
were pseudo randomly divided into two block
of trials. Four experimental versions were co
structed. The items occurred in the same or
in each version. The experimental versions we
constructed such that each item occurred 
every condition. The participants saw each ite
only once and saw eight experimental items 
each condition. Each block was preceded by 
practice trials. Before starting the first exper
mental block the participants were present
with a practice block consisting of 14 trials. Th
practice items had constructions similar to t
ones used in the experiment.

Procedure. Participants were tested individu
ally. They were seated in a dimly lit room in
front of a PC monitor and a panel with three bu
tons. The course of a trial was as follows. Th
participants saw a fixation point, indicating
where the sentence would begin. By pushing t
middle button they started the trial. The partic
pants then saw the whole sentence, but the
ters and commas were replaced by dashes. O
the full stop at the end of the sentence was vi
button again, the first word of the sentence ap-
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peared. They pushed the middle button ag
when they had read the word. At this butt
press the first word was replaced by dashes,
the second word appeared. This was repe
until the participants had read the whole s
tence. When there was a comma following
word, it was presented together with that wo
In most of the trials, when the participan
pressed the middle button after the last word
the sentence, they saw the fixation point indic
ing the next trial, but in some cases the part
pants saw the wordbewering(statement) for 1 s
The participants then saw a verification sta
ment about the sentence. The participants ha
judge whether this statement was consistent w
the content of the sentence they had just rea
it was consistent they had to press the right b
ton, if not they had to press the left button.

Results

Reading times longer than 4000 ms (8 ca
0.03%) were excluded from further analys
From the remaining reading times those t
were more than two standard deviations aw
from the participant and item means at a gi
position in each condition (254 cases, 1.25
were excluded. On average, the participa
gave the correct answer to 95% of the com
Last word 501
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Table 4 presents the mean reading times 
function of the type of relative clause and 
animacy of the object for all word position
from the verb of the main clause up to and 
cluding two words after the auxiliary, and f
the last word of the sentence. For each posi
presented in Table 4, two analyses of varia
were computed, one with participants (F1) a
one with items (F2) as a random variable. A
macy of Object (animate object vs inanim
object) and Clause Type (subject relative cla
vs object relative clause) were the factors in 
analyses.

There were no main effects or interactions
the verb in the main clause. At noun 1 there w
an effect of Clause Type (F1(1,39) 5 8.26,p ,
.01; F2(1,31) 5 8.03,p , .01): At this position
subject relative clauses were read faster than
ject relative clauses. This effect was unexpec
but may be due to the fact that at this posit
two different sets of nouns were compar
However, at the noun in the relative clause,
same two different sets of nouns were co
pared. At that position, there was no differen
(F1 , 1; F2(1,31) 5 1.07,p 5 .31).

The sentences were syntactically disa
biguated at the auxiliary. The only significa
result at this position was an effect of Anima
ect

5

9

hension questions. of Object: the sentences with an animate obj

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 33
Determiner 1 290 294 292 298
Noun 1 440 468 439 487

Ambiguous Region
Relative pronoun 379 367 369 37
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 1 350 386 347 336
Aux 1 2 294 306 299 292
542 493 498



ND

e

o
c-
c

r
th

ig

c

 b
s

e
je
th
th

n 
a
A
u
h

n

p

re

a
it
h

a
e
 o
d
l

ni-
an
an
e-
ni-
th
ate
i-

cial
 in-
d

l-
ate
d-
se
ter
n-

re
he
me
ct
as
ive
the
ct
the

he
tive
r at
rd
act
fter

se-
ing
rd
y
ux-

y
ct
x-
s
d-
b-
ce
 ob-
xil-
 no
ANIMACY A

were read significantly slower than the s
tences with an inanimate object (F1(1,39) 5
12.12,p 5 .001; F2(1,31) 5 10.31,p , .005).
There was no effect of Clause Type at this p
tion (both Fs , 1). Also, there was no intera
tion of Clause Type and Animacy of Obje
(both Fs , 1).

At the first word after the auxiliary, howeve
there was a main effect of Clause Type in 
participant analysis (F1(1,39) 5 4.11,p , .05),
but in the item analysis this effect was not s
nificant (F2(1,31) 5 2.17,p . .15). There was
also a main effect of Animacy of Obje
(F1(1,39) 5 14.24,p 5 .001; F2(1,31) 5 8.48,
p , .01). These main effects were qualified
an interaction of Animacy of Object and Clau
Type at this position:F1(1,39) 5 16.33, p ,
.001; F2(1,31) 5 11.67, p , .005. Separat
analysis at this position for the animate ob
and the inanimate object condition showed 
the effect of Clause Type was significant in 
animate object condition (F1(1,39) 5 12.56,
p , .001; F2(1,31) 5 11.42,p , .005), but not
in the inanimate object condition (F1(1,39) 5
2.58,p . .10; F2(1,31) , 1).

At the last word of the sentence the patter
reading times was similar to the pattern of re
ing times at the first word after the auxiliary. 
this position, however, the only significant res
was the main effect of Animacy of Object in t
analysis over participants:F1(1,39) 5 4.24,
p , .05. In the items analysis this effect was 
significant:F2(1,31) 5 1.24,p 5 .27. The inter-
action of Animacy of Object and Clause Ty
was not significant either:F1(1,39) 5 1.37; p .
.20; F2 , 1. At the other positions, there we
no main effects or interactions.

Discussion

An effect of Animacy of Object was found 
the auxiliary. At this position, the sentences w
two animate NPs had longer reading times t
the sentences with an animate and an inanim
NP. One must be careful interpreting this m
effect, because different past participles w
used in the animate object and the inanimate
ject conditions, and there was a frequency 
ference between the two sets of past particip

Also, the effect may be due a plausibility differ
 PARSING 59
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ence between the relative clauses with an a
mate object and the relative clauses with 
inanimate object. However, the effect may me
that it was more difficult for the readers to d
cide on subject and object functions in the a
mate object condition, that is, the condition wi
two animate protagonists, than in the inanim
object condition, in which there was one an
mate and one inanimate protagonist. The cru
question, however, is whether there was an
teraction between Animacy of Object an
Clause Type. At the word following the auxi
iary, this was indeed the case. In the inanim
object condition there was no difference in rea
ing times between the subject relative clau
and the object relative clause immediately af
the auxiliary, whereas in the animate object co
dition, the reading times at this position we
longer for the object relative clause than for t
subject relative clause. In fact, the reading ti
at the first word after the auxiliary for the obje
relative clauses with an inanimate object w
equal to the reading times for subject relat
clauses with an animate object. Apparently,
participants only had difficulty reading obje
relative clauses when both the subject and 
object were animate.

The difference in reading time between t
subject relative clauses and the object rela
clauses with an animate object did not occu
the disambiguating auxiliary, but at the wo
after it. This may be a consequence of the f
that readers started a reanalysis some time a
the disambiguation, but it may also be a con
quence of the fact that in self-paced read
there are often spill-over effects to the next wo
(Just, Carpenter, & Woolley, 1982). This ma
explain the absence of an interaction at the a
iliary. If the effect originating at the auxiliar
shows up at the following word, the main effe
of Animacy of Object that was found at the au
iliary may also originate from the previou
word, i.e., the past participle. The crucial fin
ing in the experiment is that in the inanimate o
ject condition there was no sign of a differen
between the subject relative clauses and the
ject relative clauses at the disambiguating au
iary or later in the sentence. Also, there were

-differences in reading times at earlier positions
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in the relative clause. In the animate object c
dition object relative clauses lead to longer re
ing times at the word following the auxiliary.

The only difference in reading time betwe
the sentences with inanimate objects appea
at the noun before the relative clause. This ef
may be due to the fact that the words used
that position are different across conditions.
that explanation holds, however, there sho
also have been a difference at the noun in 
relative clause, because the same sets of n
are compared there. We will return to this iss
th
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the inanimate objects (computer). These were

3We did not use percentages of regressions to measure
wrap-up processes, because we expected these to be similar
in all cases where wrap-up processes occur (cf. Rayner,
Kambe, & Duffy, 2000).

4Though adding a prepositional phrase after the clause
in the discussion of Experiment 2.

EXPERIMENT 2

The self-paced reading experiment shows 
there is no difference in reading time betwe
subject and object relative clauses when the
ject of the relative clause is inanimate. In Exp
iment 2 we wanted to gain more insight into 
nature of the effects: Is the interaction betwe
Clause Type and Animacy of Object, which w
observed at the word after the disambigua
auxiliary in Experiment 1, an effect that orig
nates from the auxiliary, or from wrap-u
processes at the end of the relative clause?
therefore conducted an eye-tracking experim
with the same kind of materials as in Expe
ment 1. A prepositional phrase was added a
the auxiliary in the relative clause to separate
fects originating from the auxiliary from end-o
clause wrap-up effects. If the processing pr
lems are immediate syntactic problems, th
should be differences in the initial reading of 
auxiliary. If the processing differences on
show up in the wrap-up processes at the en
the clause, there should only be difference
the final noun of the relative clause, before 
comma.

We used two dependent measures. As a m
ure of immediate processing, we used the fi
pass reading times (e.g., Rayner, 1998). 
measure wrap-up processes at the end of the
ative clause, we used the regression path d
tion (Konieczny, 1996; Konieczny, Hemfort
Scheepers, & Strube, 1997), which includ
both first-pass reading times and the duratio
the regression path. If the effects are due

wrap-up processes at the end of the clause,
 SCHRIEFERS
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may be visible in first-pass reading times, bu
may also be visible in longer regression pa
originating from the clause-final word.3

Method

Participants. Thirty-two students of the Un
versity of Nijmegen participated in the expe
ment. They were native speakers of Dutch. 
had normal or corrected to normal vision. T
participants were paid for their participation.

Materials. Forty-eight sets of four sentenc
were used in the experiment. We added 16 
sets of sentences to the 32 sets that were us
Experiment 1. A prepositional phrase was ad
after the auxiliary in the relative clause.4 This is
illustrated in (17) for version (A) of Table 3.

(17) Vanwege het onderzoek moeten de
brekers, die de bewoner beroo
hebben in het weekend, nog een tij
op het bureau blijven.
Because of the investigation must 
burglars, who the occupant robbe
have over the weekend, some ti
stay at the police station.
(Because of the investigation, th
burglars, who robbed the occupa
over the weekend, had to stay at 
police station for some time.)

The conditions were the same as in Exp
ment 1. As in Experiment 1, the past particip
in the animate object condition and the past p
ticiples in the inanimate object condition we
matched for length (the mean length was 9.2
both conditions; F , 1), but not for frequency
(F(1,47) 5 13.27,p 5 .001). The log frequen
cies were 2.07 and 2.70 for the past particip
in the animate and the inanimate condition,
spectively. There were three sets of nouns:
subjects in the relative clause (inbrekersin the
example), the animate objects (bewoner), and
this
final verb cluster is not possible in other verb-final lan-
guages, such as German, it is perfectly natural in Dutch.
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matched for length (F , 1): The mean length
was 8.15, 8.29, and 8.31 for the subjects, the
imate objects, and the inanimate objects, res
tively. The nouns were also matched for f
quency (F(1,46) 5 1.34, p 5 .27). The log
frequencies were 2.77, 2.72, and 2.62 for 
subjects, the animate objects, and the inanim
objects, respectively.

The 48 experimental sentences were mi
with 60 filler items. Forty-two of the filler item
did not contain relative clauses. The remain
18 fillers contained relative clauses with ina
mate subjects and animate objects. Nine
those were subject relative clauses, and the o
nine were object relative clauses. As in Exp
ment 1, these fillers were included to avoid a 
uation in which the inanimate nouns alwa
were the object of the relative clause. Thus, p
ticipants could not develop an experiment-s
cific strategy. The layout of the sentences on
screen was the same as in Experiment 1: On
second line, there were at least two words a
the relative clause.

The 108 sentences were pseudorandomly
vided into two blocks of trials, each of whic
was preceded by six practice items. Four ex
imental versions were constructed. The ite
occurred in the same order in each version. 
experimental versions were constructed s
that each item occurred in every condition. T
participants saw each item only once, and s
12 experimental items in each condition. Bef
the first experimental block the participan
were presented with a practice block consis
of 14 items.

Apparatus. The materials were presented o
NEC MultiSync 5FG computer monitor in 80
3 600 pixel mode. The distance between 
participants’ eyes and the monitor was 85 c
timeters, making 1° of visual angle equivalent
4.4 character positions.

The eye movements were recorded using
AmTech ET3 eye tracker. Both X and Y po
tions were collected with a sample frequency
200 Hz, and a spatial resolution of .25°. O
the movements of the right eye were record
although vision was binocular. Head mov
ments were restricted by the use of a chin 

forehead rest and a bite bar.
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Procedure. Before the experiment each pa
ticipant was told about the purpose of the app
ratus. Two tests were done to assess the qua
of the participants’ vision. Then the apparat
was adjusted, so that the participant would 
seated as comfortable as possible, and the 
bar was prepared. The calibration procedure 
the eye tracker was explained and the parti
pants were instructed to read the sentences
that they understood the meaning and would
able to verify statements about them.

Each block started with a calibration, an
there was an additional calibration in the midd
of each experimental block. Each experimen
block contained 60 sentences. Before every fo
sentences a short recalibration was performed
correct for possible shifts in head position aft
the calibration. Each trial started with an aste
isk indicating where the next sentence wou
start. The participants were instructed to look
the asterisk, and then to press the button, wh
made the sentence appear on the screen. W
the participants had finished reading the se
tence, they pressed the button again, which,
most cases, started the next trial. In 25% of t
trials the sentence was followed by a verific
tion statement. The participants had to jud
whether the statement was consistent with 
content of the preceding sentence by press
one of two buttons. This button press started 
next trial.

The participants were instructed not to blin
when reading the sentences. They were allow
to blink when they were reading a statement
fixating an asterisk.

Results

In an eye movement experiment, participan
are free to move their eyes across the text
they want. This implies that not every word 
fixated, which leads to missing data on som
words in some trials. The amount of missin
data varies depending on, among other thin
the frequency and the length of a word (Rayn
1998). Determiners, for example, are very ofte
not fixated, among other things because they 
short. Nouns, on the other hand, are on avera
much longer, and therefore they are almost 

ways fixated. We therefore did not analyze the
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sentences word by word, but combined wo
into regions. The regions that were analysed
given in brackets in (18).

(18) Vanwege het onderzoek[ moeten][ 
inbrekers,] die[ de bewoner][ beroofd
[ hebben][ in het][ weekend,][ nog ee
tijdje op het] politiebureau blijven.
Because of the investigation[mus
[the burglars,] who[the occupant
[robbed] [have][over the][weekend,
[some time stay at the] polic
station.

The antecedent NPs (NP1) and the NPs in
relative clause (NP2) were analyzed as a wh
The relative pronoun was not analyzed, beca
it was almost always skipped. Instead, an ad
tional analysis was done on the region cons
ing of the relative pronoun and NP2. Th
preposition and determiner of the clause-fi
prepositional phrase were analyzed separa
from the noun, because we wanted to meas
potential clause wrap-up effects at the no
The last region we analyzed was the region f
lowing the relative clause, which finished th
second line of text. This region contained
least two words.

If a participant skips a region frequently, t
participants’ mean in a condition may be ba
on only a few or even only one observation. T
can cause outliers to have a strong effect on
results. Therefore, we decided only to includ
subjects’ mean in the statistical analyses if 
mean was based on at least 4 out of the m
mally possible 12 observations. In the ite
analysis the item mean was included if the m
was based on at least three out of the maxim
possible eight observations. This procedure
fected almost only the region that contained 
auxiliary. At that position 14 of the 32 partic
pants were excluded from the analysis by par
ipants, and in the analysis by items, 22 of the
items were excluded. It appeared that some 
ticipants almost always skipped the auxilia
when they read the sentence. This does 
imply, however, that they did not take up the d
ambiguating information provided by the aux
iary. Some readers typically only had one fi

tion in the verb cluster (past participle an
 SCHRIEFERS
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auxiliary), and this fixation often was located 
the end of the participle. These readers pres
ably have seen the number marking on the a
iliary parafoveally. Another region that was a
fected was the past participle: At that positi
there was one exclusion in the analysis by p
ticipants and one exclusion in the analysis 
items. Also the region that contained the pre
sition and the determiner of the clause-fin
prepositional phrase was affected. There w
two and three exclusions in the analysis by p
ticipants and items, respectively. Finally, at t
noun of this prepositional phrase there were t
exclusions in the analysis by items.

Two measures were computed. The first w
the first-pass reading time, which is the time
reader spends in a region before leaving the
gion either to the left or to the right. We in
cluded the duration of the saccades betw
successive fixations in our measures, since
do not assume that lexical processing and s
tence processing stops during saccades 
Cozÿn, 2000; Irwin, 1998). The first-pass rea
ing time provides a good measure of the init
processing of a region. The second measure 
the regression-path duration, defined as the t
spent in a region in first pass before leaving t
region to the right,plusall the time spent in re
gressing to earlier parts of the senten
(Konieczny, 1996; Konieczny et al., 1997).

For each of the regions defined above, t
analyses of variance were computed, one w
participants (F1) and one with items (F2) as a
random variable. The factors included in t
analyses were Animacy of Object (animate o
ject vs inanimate object) and Clause Type (s
ject relative clause vs object relative claus
When there was an interaction between th
factors, separate analyses of variance were c
puted for the Animate Object condition and t
Inanimate Object condition, with the facto
Clause Type (Subject Relative clause vs Ob
Relative clause). In the following the results f
first-pass reading times and regression-path
ration will be presented separately.

On average, the participants gave the corr
answer to 92% of the comprehension questio

First-pass reading times. Reading times

dshorter than 50 ms (5 cases, 0.05%) were ex-
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At none of the regions after the auxiliary were
ANIMACY AN

cluded from further analysis. Reading tim
that were more than two standard deviatio
from the participant and item means at a giv
position in each condition (54 cases, 0.6%
were excluded. The means by subjects of
first-pass reading times as a function of Clau
Type and Animacy of Object are presented
Table 5.

At the verb in the main clause there were
main effects or interactions. At the anteced
NP (NP1) there was no main effect of Anima
of Object or Clause Type, but the interaction 
tween these factors was significant:F1(1,31) 5
6.67,p , .05,F2(1,47) 5 4.22,p , .05. In the
separate analyses there was no effect of Cl
Type in the sentences with an animate obj
F1(1,31) 5 3.36, p 5 .08; F2(1,47) 5 1.15,
p 5 .29. In the sentences with an inanimate 
ject the antecedent NP was read significa
slower in the object relative clause conditi
than in the subject relative clause condition
the participant analysis (F1(1,31) 5 4.10,p 5
.05), and there was a trend in the item anal
(F2(1,47) 5 3.60,p 5 .06).

There were no significant results at NP2,
NP in the relative clause. Also in the addition
analysis on the region containing the relat
pronoun and NP2 there were no significant 
sults. At the past participle, there was one sig

icant effect, the main effect of Animacy of Ob

Rest of line 516
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ject: F1(1,30) 5 7.24, p , .05; F2(1,46) 5
3.94,p 5 .05.

The sentences were disambiguated at the a
iliary. If readers use the disambiguating synta
tic information immediately when it is available
one would expect an interaction of Animacy
Object and Clause Type in the first-pass read
times at this position. There was a main effe
of Clause Type (F1(1,17) 5 7.01, p , .05;
F2(1,25)5 6.23,p , .05) and no main effect o
Animacy of Object. The interaction betweenA
imacy of Object and Clause Type was significa
in the item analysis, whereas there was onl
trend in the participant analysis:F1(1,17) 5
4.23,p 5 .06; F2(1,25)5 9.30,p 5 .005. The
separate analyses showed that in the sente
with an animate object the object relative clau
led to a longer first-pass reading time than
subject relative clauses (259 ms vs 230 m
F1(1,21) 5 6.29, p , .05; F2(1,33) 5 10.09,
p , .005). In the sentences with an inanima
object there was no effect of Clause Type (b
F’s , 1). Note that, as we indicated before,
this position there were many exclusions on
basis of insufficient data points. An analysis
cluding also means based on fewer than f
data points for participants and less than th
data points for items yielded similar results.
-

0
2

2

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 26
NP1 (antecedent) 374 353 366 39

Ambiguous Region
NP2 358 369 371 361
Past participle 316 317 304 29

Disambiguation
Auxiliary 230 259 239 243

Prepositional phrase
Prep. 1 Det. 256 260 246 252
Noun 283 284 274 276

Main clause

514 504 493
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Regression path duration. Reading times
shorter than 50 ms (4 cases, 0.04%) and lo
than 4000 ms (3 cases, 0.03%) were exclu
from further analysis. From the remaining re
ing times those that were more than two s
dard deviations away from the participant a
item means at a given position in each condi
(105 cases, 1.1%), were excluded. The reg
sion path durations and the percentages o
gression for the other regions are presente
Table 6.

There were no significant main effects or
teractions at the verb in the main clause. In
region containing NP1 there were no main
fects of either factor. However, the interaction
Animacy of Object and Clause Type was sign
cant:F1(1,31) 5 13.35,p 5 .001;F2(1,47) 5
14.02,p , .001. In the conditions with an an
mate object there was a trend toward an effec
Clause Type in the participant analysis (F1(1,
31)5 3.38,p 5 .08), but not in the item analys
(F2(1,47) 5 1.93, p 5 .17). In the conditions
with an inanimate object there was a signific
effect of Clause Type:F1(1,31) 5 9.75, p ,
.005;F2(1,47)5 14.10,p , .001. At NP2 there
were no significant main effects or interactio
Also, in the additional analysis on the region
cluding the relative pronoun and NP2 there w
Rest of line 604 (18)
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At the past participle, there was a significa
main effect of Animacy in the participan
analysis only (F1(1,30) 5 5.05, p , .05;
F2(1,46) 5 2.56,p 5 .12), a significant main
effect of Clause Type in the participant anal
sis only (F1(1,30) 5 4.38, p , .05; F2(1,
46) 5 1.65, p 5 .20), and no interaction. At
the auxiliary there was a main effect of An
macy in the item analysis only:F1(1,17) 5
2.56, p 5 .12; F2(1,25) 5 2.56, p , .05. Al-
though the pattern of results was similar
the pattern of results in the first-pass readi
times, the main effect of Clause Type was on
marginally significant in the participant analy
sis (F1(1,17)5 4.11,p 5 .06;F2 , 1) and the
interaction was only marginally significant in
the item analysis (F1 , 1; F2(1,25) 5 3.76,
p 5 .06). The lack of significant effects in the
regression path duration at this position m
be due to the small percentage of regressio
at this position. The inclusion of the regressio
path data may only have increased the varian
in the data, which may have led to the disa
pearance of the significant effect that wa
present in the first-pass reading times. At t
region immediately following the auxiliary
(the preposition and the determiner of th
prepositional phrase) there were no significa
)
)

)
4)

)

)
)

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 (

Disambiguation
Auxiliary 266 (6) 291 (5) 255 (3) 264 (4

Prepositional phrase
Prep. 1 Det. 331 (14) 319 (12) 324 (14) 299 (11
Noun 342 (12) 379 (16) 350 (14) 319 (11

Main clause

630 (18) 590 (15) 579 (17)
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more negative than the ERPs to an animate noun

n

ANIMACY AN

If the need for a reanalysis during the read
of a clause affects the wrap-up processes a
end of the clause one would expect an inte
tion of Animacy of Object and Clause Type
the noun in the prepositional phrase, which w
the last word of the relative clause. At this po
tion, there was a significant effect of Animacy
Object in the participant analysis (F1(1,31) 5
5.01, p , .05), but not in the item analys
(F2(1,45) 5 1.98,p 5 .17). There was no mai
effect of Clause Type at this position. There w
a significant interaction of Clause Type and A
imacy of Object:F1(1,31) 5 7.01, p , .05;
F2(1,45) 5 4.58,p , .05. Again, reading time
were longer in the object relative clauses in 
conditions with an animate object:F1(1, 31) 5
3.19,p 5 .08; F2(1,45) 5 4.50,p , .05. In the
conditions with an inanimate object there wa
trend toward an effect in the opposite direct
in the participant analysis (F1(1,31) 5 3.56,
p 5 .07), but not in the item analysis (F2(1,
47) 5 1.58,p 5 .22).

At the region after the relative clause the
was a trend toward an effect of Animacy
Object in the item analysis, but not in the pa
ticipant analysis:F1(1,31) 5 1.30, p 5 .26;
F2(1,47)5 3.63,p 5 .06. There were no othe
significant main effects or interactions.

Discussion

The eye-movement experiment shows a 
ference in processing difficulty between t
subject and object relative clauses when b
protagonists are animate. This difference co
pletely disappears when the object of the re
tive clause is inanimate. When the object
inanimate, there is no trace of a difference
processing difficulty between subject and o
ject relative clauses. In this respect, the s
paced reading experiment and the eye-mo
ment experiment give the same result.

In Experiment 1, an interaction between A
macy of Object and Clause Type was found
the word after the auxiliary. The question w
whether this interaction was a spillover effe
from the auxiliary, or whether it was prese
only in the clause wrap-up. The data from 
eye-movement experiments show that the ef

is not delayed, because the interaction w
 PARSING 65
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found at the auxiliary itself, in the first-pas
reading times. Since the auxiliary was n
clause-final in this experiment, the effect cann
be due to clause wrap-up.

Apart from the interaction of Animacy of Ob
ject and Clause Type in the first-pass read
times at the auxiliary, there was also an inter
tion of these factors in the regression path du
tion at the clause-final noun. Reading times
object relative clauses were only delayed wh
the object of the relative clause was animate. T
interaction at this position can be interpreted a
clause wrap-up effect. Thus, both an immedi
and a wrap-up effect show up in the data.

At the past participle, a main effect of An
macy was found. Again, one must be careful
interpreting this main effect, since different pa
participles were used in the animate object a
the inanimate object condition, and the two s
of past participles differed at least with respe
to frequency. However, the fact that the main 
fect of animacy showed up at the past partici
in this experiment suggests that the main eff
of animacy found at the auxiliary in Experime
1 was indeed spillover from the past participle

The results at the antecedent NP indicate t
the animacy manipulation was effective. Both
the first-pass reading time and in the regress
path duration in the inanimate object conditi
there was a difference in reading time betwe
the animate antecedent NP of the subject re
tive clause and the inanimate antecedent NP
the object relative clause. The problem in int
preting this effect is that the comparison is ma
between different sets of nouns. Though t
nouns were matched for mean length and 
frequency, there may have been other diff
ences between the sets of words that cau
these differences in reading times. However,
effect is perfectly in line with the findings o
Weckerly and Kutas (1999), who found th
ERPs to an inanimate noun in subject positio
that was the antecedent of a relative clause, w
t
t
e
ct

in the same position.

GENERAL DISCUSSION

Until now, experiments in Dutch and Germa

ashave consistently shown that object relative
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clauses are more difficult to process than sub
relative clauses (Brown et al., 2000; Schrief
et al., 1995; Mecklinger et al., 1995; Vonk et a
2000). The experiments also showed that 
manipulation of thematic fit did not result in t
elimination of the processing difficulty in obje
relative clauses with two animate protagon
compared with subject relative clauses. T
studies used semantically biased verbs of 
type used in the animate object condition of 
present study. The results show that this sem
tic information was not enough to override t
preference for subject relative clauses. The
sults of the animate object conditions of t
present study, which also used semantically
ased verbs, provide a replication of this res
On the basis of these results one could ar
that the manipulation of thematic fit does not 
fect the processing of subject and object rela
clauses. However, the semantic manipulation
animacy clearly did affect processing. In t
conditions with an inanimate object, there w
no reading time differences between subject 
object relative clauses. Thus, animacy infl
ences the parse of relative clauses.

The theories of relative clause processing 
cussed in the introduction do not predict the
fect of animacy. Both the AFS and the SP
claim that readers analyze the clause as a su
relative clause immediately at the relative p
noun. The AFS claims that the parsing decis
is due to the difference in syntactic structure 
tween subject and object relative clauses,
this difference is the same irrespective 
whether the object of the relative clause is a
mate or inanimate. The SPLT posits that 
choice for a subject relative clause is based
the number of categories that must be predic
This number of categories is also independen
animacy. Hence, according to both theories,
animacy of the object of the relative clause d
not influence the parsing decision made at 
relative pronoun.

Thus, both accounts predict that a reanal
is necessary in object relative clauses irresp
tive of the animacy of the object. The pres
data are clearly inconsistent with this predicti
However, one may argue that readers did re

a potential commitment for a subject relativ
 SCHRIEFERS
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clause analysis while reading the ambiguous
gion. Such an effect may not show up in t
data, since readers can make this reanalys
any point in the ambiguous region, which is fo
words long (i.e., from the relative pronoun up
and including the past participle). Hence, t
data do not exclude entirely the possibility o
reanalysis in the object relative clauses with
inanimate object.

However, the present data do show that a
macy affects the processing of relative claus
On the basis of this result, one must seriou
explore the possibility that the semantic cue
animacy immediately guides the choice for
analysis of the relative clause. This direct gui
ance may take several forms. First, if reade
choose an analysis of the relative clause imm
diately when they read the relative pronoun, t
animacy of the antecedent may determine
preferred analysis of the relative clause. Wh
the antecedent is animate, readers may cho
the subject relative clause reading, but when
antecedent is inanimate they may choose
object relative clause reading. If that is the ca
no processing difficulty is expected in obje
relative clauses with an inanimate object, sin
the antecedent is inanimate in these cases. S
ond, one could assume that readers do
choose between a subject and object rela
clause reading when they read the relative p
noun (which is the case in the AFS and t
SPLT), but only when they process the NP th
follows it. Then, at that position, readers a
faced with two entities that compete for the ro
of subject and object of the relative clause. O
of the sources of information that readers c
use to resolve this competition is the animacy
the NP’s involved. If the NP’s differ in animacy
the reader chooses the animate NP as the s
ject of the relative clause. This account predic
that there will be no difference between subje
relative clauses and object relative clauses in
cases in which the subject is animate and
object is inanimate.

However, what happens when the NP’s a
equal in animacy? In that case, readers may
the default assumption that the first NP is 
subject. There are several reasons why this 

eplausible strategy. First, this may be a result of
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the givenness of the antecedent in the rela
clause (Zubin, 1979). Second, readers do 
have to change the topic. The antecedent 
already been introduced, and is therefore av
able to the reader as topic. This topic is p
served when the antecedent is the subject o
relative clause (cf. MacWhinney & Pléh, 198
MacWhinney, 1977).

As a matter of fact, the strategy to postpo
the initial analysis until the first constituent af
the relative pronoun may be useful in Dutch.
object relative clauses, the subject has to oc
immediately after the relative pronoun. Thus
the first constituent after the relative pronoun
not an NP, as in (19), the reader knows that
sentence must be a subject relative clause.
relative clause in (20) is ungrammatical, b
cause the subject (vrouwen) is not directly adja-
cent to the relative pronoun, as in (21),
grammatical version of (20):

(19) Dit is de man die gisteren de vrouw
gezien heeft.
This is the man who yesterday t
women seen has.

(20) *Dit is de man die gisteren de vrouw
gezien hebben.
This is the man who yesterday t
women seen have.

(21) Dit is de man die de vrouwen gister
gezien hebben.
This is the man who the wom
yesterday seen have.

Only if the constituent after the relative prono
is an NP, as is the case in all of our senten
there is ambiguity between a subject relat
clause and an object relative clause. In that c
readers can use semantic or pragmatic infor
tion to guide their analysis of the relative clau

The previous explanations imply that it is t
animacy of the entities per sethat guides the as
signment of the syntactic functions. Howev
one may also argue that readers do not com
themselves to an analysis of the relative cla
before they read the past participle. On read
the past participle, the thematic fit of the entit
with the argument roles assigned by the v
guides the assignment of syntactic functions 

Trueswell et al., 1994). This leads to a choi
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for the animate entity as the subject. The 
sence of an effect of thematic fit in the expe
ments with two animate NPs (Brown et a
2000; Mecklinger et al., 1995; Schriefers et a
1995; Vonk et al., 2000) may then be a result
the fact that the manipulation of thematic fit w
not strong enough to override the preference
the relative pronoun to be the subject of the r
ative clause.

Whatever the precise location of the effect
animacy, the results of our experiments sh
that the semantic factor of animacy affects 
analysis of relative clauses. The data show 
the possibility that readers use semantic inf
mation to guide the parse of the relative claus
a serious alternative to theories that claim t
e

n
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strategies.
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