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Children’s Processing of
Ambiguous Sentences:
A Study of Relative

Clause Attachment

Claudia Felser, Theodore Marinis, and Harald Clahsen

University of Essex

In this study, we investigate children’s and adults’ relative clause attachment prefer-
ences in sentences such as The student photographed the fan of the actress who was
looking happy. Twenty-nine 6- to 7-year-old monolingual English children and 37
adult native speakers of English participated both in an auditory questionnaire study
and in an online, self-paced listening experiment. Whereas the adult group’s attach-
ment preferences were influenced by the type of preposition joining the 2 potential
antecedent noun phrases (NPs) (of vs. with), children’s online attachment prefer-
ences varied depending on their listening span: Children with a relatively high lis-
tening span showed a preference for NP1 attachment irrespective of the type of
preposition involved, whereas the children with a low span showed a general ten-
dency toward NP2 disambiguation. We argue that (i) when resolving modifier at-
tachment ambiguities during online processing, children primarily rely on structural
information and (ii) the observed differences between children and adults, as well as
those found between the two span groups, reflect working memory differences
rather than differences in the parser.

1. INTRODUCTION

Whereas most first-language acquisition studies to date have investigated the de-
velopment of children’s linguistic competence, research on language processing
has focused almost exclusively on adults. Language-processing routines, how-
ever, play a crucial role in linguistic development in that they enable language
learners to assign structural representations to input strings, which in turn helps
them to acquire the adult grammar (cf. Fodor (1998), Mazuka (1998), among oth-
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ers). Despite the importance of processing mechanisms for grammar construction,
the details of a child’s processing system are still largely unknown.

In the psycholinguistic literature, it is widely assumed that the human sen-
tence-processing mechanism comprises a narrow set of universal parsing princi-
ples (Frazier (1979), Frazier and Fodor (1978)), some of which have been claimed
to be subject to parametric variation (see, e.g., Frazier and Rayner (1988), Gibson,
Pearlmutter, Canseco-Gonzalez, and Hickok (1996), Mazuka (1998), Mazuka and
Lust (1990)). Common to all universalist approaches is the—explicit or im-
plicit—prediction that there should be continuity in the development of language
processing, that is, both children and adults are assumed to have access to the
same set of structure-dependent processing routines (see Crain and Thornton
(1998), Crain and Wexler (1999), Fodor (1998)).

One area of sentence processing that has been extensively studied with mono-
lingual adults in the past is the way relative clause (RC) attachment ambiguities
are resolved in sentences such as (1).

(1) Someone shot the servant of the actress who was on the balcony.

Individual languages vary with respect to whether speakers prefer to associate
the RC with the first or the second potential host noun phrase (NP) (i.e., the ser-
vant vs. the actress in (1); Cuetos and Mitchell (1988), Cuetos, Mitchell, and
Corley (1996), among others). In this study, we compare the way English-
speaking children and adults process temporarily ambiguous sentences of the
form NP V' [NP of/with NP] RC, in which an RC is preceded by a complex NP
providing two potential attachment sites. Children’s offline comprehension of
RCs has been extensively studied in the past. Results from various studies includ-
ing Corréa (1995), Goodluck and Tavakolian (1982), Fragman and Goodluck
(2000), and Hamburger and Crain (1982) have demonstrated that children as
young as 2;8 already possess adult-like competence in this area of grammar. The
main empirical question we address in this study is whether, given the relevant
grammatical knowledge, children employ the same sentence-processing routines
as mature native speakers of English do.

2. STUDYING ONLINE SENTENCE
PROCESSING IN CHILDREN

Results from adult sentence-processing studies indicate that although nonstructural
information may not be able to affect the earliest stages in parsing (Frazier (1979),
Frazier and Rayner (1982)), the adult processor is capable of utilizing and rapidly
integrating both phrase structure and lexical-semantic information (B. Adams,
Clifton, and Mitchell (1998), Garnsey, Pearlmutter, Myers, and Lotocky (1997),
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Trueswell, Tanenhaus, and Garnsey (1994), among others). Moreover, there is evi-
dence that adult readers or listeners are also influenced by pragmatic or other con-
textual factors during sentence comprehension (Altmann and Steedman (1988),
Tanenhaus, Spivey-Knowlton, Eberhard, and Sedivy (1995), Thornton, MacDon-
ald, and Gil (1999)). Only recently, however, have researchers begun to investigate
systematically the parsing mechanisms employed by children using online tech-
niques such as word monitoring (Tyler and Marslen-Wilson (1981)), probe recogni-
tion (Mazuka (1998)), cross-modal priming (Love and Swinney (1997), McKee,
Nicol, and McDaniel (1993)), eye tracking (Trueswell, Sekerina, and Logrip
(1999), Hurewitz, Brown-Schmidt, Thorpe, Gleitman, and Trueswell (2000)), self-
paced reading or listening (Booth, MacWhinney, and Harasaki (2000), Traxler
(2002)), or brain-imaging techniques such as event-related brain potentials (Friede-
rici and Hahne (2001)). One reason why so little is known about children’s process-
ing mechanisms is that many of the experimental techniques typically used to
examine syntactic processing in adults rely on reading time measurements and thus
are not suitable for younger children (see McKee (1996) for an overview of online
methods appropriate for children). Children’s reduced attention span and relatively
limited vocabulary impose further restrictions on experimental design and choice of
materials. Another important factor that needs to be taken into account when inves-
tigating language processing in children is their reduced cognitive abilities, specifi-
cally their relatively lower working memory (WM) span. Individual memory
differences are known to affect language processing in both children and adults (A.
Adams and Gathercole (2000), Booth et al. (2000), Just and Carpenter (1992), King
and Just (1991), MacDonald, Just, and Carpenter (1992), Nakano, Felser, and
Clahsen (2002), among others).

Tyler and Marslen-Wilson (1981) were among the first to investigate online
sentence comprehension in children. In a word monitoring study, Tyler and
Marslen-Wilson (1981) found that 5-, 7-, and 10-year-old children’s ability to
detect a word showed the same pattern of degradation as it did in adults when
processing normal prose, semantically anomalous sentences, or syntactically
anomalous (“scrambled”) speech. This finding supports the view that children
and adults analyze sentences in essentially the same way. In the category monitor-
ing task, the 5-year-olds differed from the older children, however, in that the fa-
cilitating effect of normal prose was smaller than for the 7- and 10-year-olds at the
earlier test points. According to Tyler and Marslen-Wilson (1981), this finding
could be taken to indicate that the additional processing cost associated with se-
mantic-attribute matching—possibly in conjunction with a more general problem
with utilizing certain types of pragmatic cues during sentence comprehension—
led to processor overload in the younger children.

Using lexical and semantic probe latency tasks, Mazuka (1998) found that
children as young as 4 process complex sentences in a serial fashion similar to
adults—a finding that is incompatible with models that predict qualitative differ-
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ences between the way children and adults process multiclausal structures (Town-
send, Ottavio, and Bever (1979), Tyler and Marslen-Wilson (1978)). Mazuka’s
results further suggest that during sentence comprehension, children, like adults,
rapidly assign a semantic structure to main clauses, whereas this is claimed not to
be the case in subordinate clauses. Results from cross-modal picture priming ex-
periments moreover demonstrate that 4- to 6-year-old children are capable of es-
tablishing syntactic dependencies such as binding relationships (McKee et al.
(1993)) and filler-gap dependencies (Love and Swinney (1997)) during sentence
processing.

Children’s online comprehension of relative clauses was recently investigated
by Booth et al. (2000). Using both self-paced reading and self-paced listening
tasks, Booth et al. examined 8- to 12-year-old children’s processing of non-
ambiguous sentences of the following types:

(2) a. The monkey that followed the frog left the tree in a hurry.
b. The deer that the tiger watched entered the field from the side.
c. The cat chased the rabbit and enjoyed the hunt in the yard.

In sentences such as (2a), both the antecedent NP and the relativized NP fulfill
the grammatical function of subject (= Subject—Subject condition); example (2b)
contains an object relative (= Subject—Object condition), and sentences of type
(2¢) involve conjoined verb phrases (= CVP condition). Previous offline compre-
hension studies have shown that children have considerably more difficulty com-
prehending Subject—Object sentences than those of the Subject—Subject type (see
MacWhinney and Pleh (1988), for review). The slow down in both reading and
listening times at the relative clause/main clause transition observed by Booth et
al. (2000) confirms that this is also true for online processing.! Interestingly, the
authors found that the degree of slow down was affected by the children’s short-
term memory span: In both the reading and the listening task, children with a high
digit span produced relatively slower reaction times at the transition points than
did children with a low digit span, which demonstrates that individual memory
differences may influence online sentence comprehension in children (cf. also
A. Adams and Gathercole (2000) for sentence production). Booth et al. hypothe-
sized that the observed differences between the span groups may reflect differ-
ences in children’s ability to store words effectively in short-term memory, with
children with high digit span (but not those with low digit span) making use of
their short-term memory store during the processing of “difficult” regions, which

'Booth et al. (2000) attribute the observed increase in reading/listening time in this region in the
Subject—Object condition to the (multiple) “perspective shift” involved in Subject—Object sentences
(compare MacWhinney (1982)). Note, however, that it could equally well reflect the processing cost
of associating a filler (i.e., the head of the RC) with its subcategorizer (perhaps via a syntactic gap or
trace).
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was reflected in longer reaction times (RTs). Moreover, Booth et al. found that
those children who they classified as “poor comprehenders” on the basis of their
offline accuracy scores showed a tendency to follow a local attachment strategy.
This strategy would frequently lead them to incorrectly interpret the second NP
(e.g., the frog in (2a)) as the subject of the second verb (e.g., /eff), in particular in
the Subject—Subject and CVP conditions.

Comparing children’s and adults’ electrophysiological brain responses to syn-
tactically or semantically anomalous sentences, Friederici and Hahne (2001)
found evidence that 7- and 8-year-old children’s first-pass parsing processes are
similar to those of adults. Children appear to need more time than adults, how-
ever, for secondary or “repair” processes, which Friederici and Hahne assume are
reflected by the relatively longer latency of the P600 component elicited by syn-
tactically incorrect stimuli. This, of course, presupposes that the P600 indexes the
same processes in children and adults—an assumption that requires further study.

Few studies to date have addressed the question of how children resolve struc-
tural ambiguities in real time, however. In an eye-tracking study, Trueswell et al.
(1999) examined the way children resolved temporary prepositional-phrase (PP)
attachment ambiguities in sentences such as (3).

(3) Put the frog on the napkin in the box.

Children’s eye movements were recorded as they responded to spoken instruc-
tions asking them to move objects around on a table. Trueswell et al. (1999) found
that 5-year-old children preferentially interpreted the postverbal PP on the napkin
as the Destination (or Goal) argument of the verb put rather than as a modifier of
the NP the frog, even in the presence of disambiguating contextual information.
This finding could be taken to indicate that when resolving temporary PP attach-
ment ambiguities during online comprehension, the children relied primarily on
lexical/structural information and largely failed to take into account the informa-
tion provided by the visual context. Adults, on the other hand, appear to be able to
integrate structural and contextual information much more rapidly during sen-
tence comprehension (Altmann and Steedman (1988), Tanenhaus et al. (1995),
among others). Results from Hurewitz et al.’s (2000) follow-up study to Trues-
well et al. (1999), however, suggest that children’s inability to utilize contextual
cues may be task specific: In a corresponding production task, the children proved
quite capable of making use of information supplied by the referential context.

The results obtained by Traxler (2002) in a self-paced reading study are com-
patible with Trueswell et al.’s (1999) in that they also suggest that structural fac-
tors may override semantic or pragmatic plausibility. Materials included
sentences like (4a), which are known to produce a clear garden-path effect in
adults; sentences like (4b) in which the postverbal NP is a semantically implausi-
ble object of the verb; and sentences like (4¢) that contained intransitive verbs.



Downloaded by [Temple University Libraries] at 03:55 20 November 2014

132 FELSER, MARINIS, CLAHSEN

(4) a. When Sue tripped the girl fell over and the vase was broken.
b. When Sue tripped the table fell over and the vase was broken.
c. When Sue fell the policeman stopped and helped her up.

Traxler found that 8- to 12-year-old children tended to misanalyze the post-
verbal NP in all three conditions as a direct object, indicating that the structurally
simpler analysis was preferred irrespective of plausibility or thematic properties
of the verb. The effect was less strong in the intransitive condition (4c), however,
suggesting that subcategorization information may have been partially utilized.

To the extent that any general conclusion at all can be drawn from the rather
small body of published research, most of the existing studies of syntactic proc-
essing in children appear to be compatible with the view that children and adults
employ similar parsing mechanisms but that in the online comprehension of
(temporarily) ambiguous sentences, children rely predominantly on structural
information and largely disregard contextual information such as semantic or
pragmatic fit. In this study, we built on the existing research on children’s proc-
essing of structurally ambiguous sentences and focused on the question of how
children resolve RC attachment ambiguities in two-site contexts.

3. RELATIVE CLAUSE ATTACHMENT
PREFERENCES IN ADULTS

Adult speakers’ RC attachment preferences in sentences such as (1), repeated
next, have been frequently studied in the past.

(1) Someone shot the servant of the actress who was on the balcony.

Although the grammar of English allows for the RC to be associated with ei-
ther NP1 or NP2 (cf. (5) and (6)), several offline and online studies on adult native
speakers have revealed a preference for the relative clause to be attached to NP2
(i.e., to the actress, cf. (6)) (Carreiras and Clifton (1999), Cuetos and Mitchell
(1988), Frazier and Clifton (1996), Roberts (2003), among others).?

2Not all studies have been able to replicate this NP2 preference, though. In a self-paced reading
study, Carreiras and Clifton (1993), for instance, found no consistent attachment preferences for NPs
linked by of, and results from an eye-tracking study by Traxler et al. (1998) provide evidence that Eng-
lish readers initially attempt NP1 attachment. Results from Gilboy et al.’s (1995) questionnaire study
moreover demonstrate that depending on the specific kind of semantic relationship between the two
NPs, certain types of NP-of~NP constructions do in fact elicit a majority of NP1 responses. We return
to these issues in the discussion in section 6.



Downloaded by [Temple University Libraries] at 03:55 20 November 2014

CHILDREN’S PROCESSING OF AMBIGUOUS SENTENCES 133

®) DP NP1 Attachment
/\
I|) NP1
STTT—

the NP1 [cp who was on the balcony ]

/\

N1 PP
I ST
servant P DP
| T
of I|) NI|)2
the actress
(6) DP NP2 Attachment
/\
D NP1
| T~
the N1 PP
! T~
servant P DP
| T
of D NP2
| ST
the N|P2 [cp who was on the balcony ]
actress

This preference for NP2 attachment has been argued to follow from a suppos-
edly universal parsing principle dubbed Recency by Gibson et al. (1996), which is
similar (although not identical) to previously proposed principles such as Right
Association (Kimball (1973)) and Late Closure (Frazier (1979)) and which biases
the parser toward integrating new incoming material with the most recently proc-
essed phrase.

(7) Recency
Preferentially attach structures for incoming lexical items to structures
built more recently.
(Gibson et al. (1996, 26))

Like other cross-linguistically, well-attested parsing strategies such as Mini-
mal Attachment (Frazier and Fodor (1978)) or the Minimal Chain Principle (De



Downloaded by [Temple University Libraries] at 03:55 20 November 2014

134 FELSER, MARINIS, CLAHSEN

Vincenzi (1991)), the Recency principle is thought to reflect the parser’s effort to
minimize processing cost (cf. also Fodor (1998)).

Cross-linguistic studies of RC attachment preferences indicate, however, that
the Recency strategy does not apply universally. A preference for NP1 attachment
has been observed for corresponding constructions in numerous other languages
including Spanish (Carreiras and Clifton (1993), Gilboy, Sopena, Clifton, and
Frazier (1995)), Dutch (Brysbaert and Mitchell (1996)), German (Hemforth,
Konieczny, and Scheepers (2000)), French (Frenck-Mestre and Pynte (1997),
Zagar, Pynte, and Rativeau (1997)), and Greek (Papadopoulou and Clahsen
(2003)). Gibson et al. (1996) showed that for complex NPs providing three possi-
ble attachment sites (cf. (8)), English speakers also violate Recency in that they
show a preference for NP1 attachment over NP2 attachment.

(8) a. the lamp near the paintings of the houses that was damaged in the flood

b. the lamps near the painting of the houses that was damaged in the
flood

c. the lamps near the paintings of the house that was damaged in the flood

The fact that the participants had the least difficulty with complex NPs of the
type shown in (8c), which force NP3 attachment, confirms that the Recency prin-
ciple is operative. The observed preference for NP1 (cf. (8a)) over NP2 attach-
ment (cf. (8b)), however, is unexpected under the assumption that Recency should
be the only structural parsing principle determining English speakers” RC attach-
ment preferences. Instead, Gibson et al. proposed that the universal Recency pref-
erence interacts with a second parsing principle dubbed Predicate Proximity that
favors attachment of the RC to the NP closest to the S/IP node (cf. Gibson et al.
(1996, 41)).

(9) Predicate Proximity
Attach as structurally close as possible to the head of a predicate phrase.

Results from Gibson, Pearlmutter, and Torrens’ (1999) study of three-site am-
biguities in Spanish provide further support for the Recency—Predicate-Proximity
interaction. Gibson et al. (1996) argued that the relative strength of the Predicate
Proximity principle is variable, which makes it possible for it to outrank Recency
in some languages or in situations where computational resources are short.?

Moreover, a questionnaire study by Gilboy et al. (1995) revealed that RC at-
tachment preferences are not only influenced by structural principles but also by
semantic factors such as the particular role that the preposition assigns to its com-

*Whereas Gibson et al. (1996) found an NP3 > NP1 > NP2 preference hierarchy for both English
and Spanish, results from a reading-time study by Wijnen (1998) indicate that Dutch speakers prefer
NP1 over NP3 attachment in three-site contexts.
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plement or by the semantic relationship between the two potential antecedent
NPs. Specifically, they found that the NP1 preference reported for languages such
as Spanish holds for certain types of genitive constructions only. If, on the other
hand, the second NP is the complement of a thematic preposition such as con/
with, NP2 attachment tends to be the preferred option across languages. One at-
tempt to account for these differences has been made within the framework of
Construal theory (Frazier and Clifton (1996)), according to which nonprimary
phrases such as RCs or adjunct predicates are initially associated with local the-
matic domains rather than being attached syntactically and are then construed
with an antecedent on the basis of both structural and semantic/pragmatic infor-
mation. Under this view, the NP most likely to be construed as the host of an am-
biguous RC will be one that is contained within the extended maximal projection
of the most recent theta assigner. The construal hypothesis thus correctly predicts
that cross-linguistically, NP2 disambiguation should be preferred if the two po-
tential host NPs are linked by a thematic-role assigning preposition such as with.
Results from eye-tracking studies by Traxler, Pickering, and Clifton (1998) and
Frenck-Mestre and Pynte (2000) indicate that the choice of the linking preposition
also affects online processing in adults. If the second NP is a genitive-marked or
prepositional object of the first NP, however, the current thematic processing do-
main is the overall NP so that from the point of view of the Construal hypothesis,
either NP may serve as the antecedent for an ambiguous RC. To the extent that
speakers exhibit any attachment preference in contexts containing of-type or geni-
tive NPs at all, these will be determined by the interaction of phrase-structure
based locality principles and other factors that may influence attachment.
Other factors that have been claimed to affect the way RC attachment ambigu-
ities are resolved in a given language include prosody (Fodor (1998), Schafer,
Carter, Clifton, and Frazier (1996)), the availability of alternative structures such as
the Saxon genitive (Frazier and Clifton (1996)), the type of relativizing element
used (Hemforth et al. (2000)), pragmatic factors such as NP-modifiability (Thorn-
ton et al. (1999)), and the frequency of past exposure to each attachment pattern, the
so-called Tuning Hypothesis (Cuetos et al. (1996), Mitchell and Cuetos (1991)).
Moreover, there is evidence that individual differences in WM capacity may
also influence syntactic ambiguity resolution (MacDonald et al. (1992), Mendel-
sohn and Pearlmutter (1999)). In a free-choice questionnaire study, Mendelsohn
and Pearlmutter found that adult speakers of English who had a relatively low ver-
bal WM capacity (scoring lower than 4 in Daneman and Carpenter’s (1980) Read-
ing Span Test) showed a marked preference for NP1 over NP2 attachment for NPs
linked by the preposition of. Participants with a high span, by contrast, showed no
clear preference for either attachment type.* This finding could be taken to suggest

“In a second experiment, Mendelsohn and Pearlmutter (1999) also tested attachment preferences
for prepositions other than of. Although no overall NP1 preference was found for the preposition with
for either of the two groups, the proportion of NP1 responses was again higher for the low-WM group
than for the high-WM group for this condition.
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that participants with a low span—who, according to Mendelsohn and Pearlmutter,
may have difficulty keeping both potential antecedents equally active in working
memory—tend to rely on the Predicate Proximity strategy.

In summary, it appears that mature speakers’ RC attachment preferences are
determined by at least two interacting parsing strategies: a universal Recency
preference and a principle such as Predicate Proximity that favors attachment to
the initial NP. In addition, there is evidence from both offline and online studies
that semantic properties of the linking preposition affect adult speakers’ attach-
ment decisions in two-site contexts. The findings from Gibson et al.’s (1996) and
Gibson, Pearlmutter, and Torrens’ (1999) studies indicate, however, that these
“preposition effects,” or lexical biases, can be overridden if the complexity of the
overall NP is increased.

4. METHOD

4.1. Participants

To investigate children’s RC attachment preferences, 29 monolingual English chil-
dren (M age = 6;8, range = 6;2-7;5) recruited from primary schools in the
Colchester area of Essex, United Kingdom, and 37 adult native speaker controls (M
age = 23,06, range = 18;8-50;9) participated in an offline questionnaire study and in
an online segment-by-segment, self-paced listening experiment. All participants
had normal or corrected-to-normal hearing and vision and were naive with respect
to the purpose of the experiments. Parental consent was obtained prior to the testing
of the children. The adults and an original pool of 38 children (M age = 6;8) initially
underwent a grammaticality judgment test, the main purpose of which was to en-
sure that the participants were sensitive to number agreement violations between an
antecedent NP and the auxiliary in an RC modifying it, as number agreement was
later used to disambiguate the experimental sentences in the online task. To control
for possible effects of the children’s WM capacity on processing, the children addi-
tionally underwent a listening-span test (Gaulin and Campbell (1994)).

4.2. Materials

The experimental materials used in the grammaticality judgment task and in the
two main experiments were similar but not identical. They all involved a main
clause headed by a transitive verb in the past tense whose complex NP object was
followed by a subject RC.> The materials used for the grammaticality judgment

The experimental materials were specifically designed to be used with children, that is, although
our experimental sentences were (necessarily) structurally similar to the kind of materials previously
used in adult studies, the vocabulary items were selected to be appropriate for 6- to 7-year-old chil-
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task comprised 58 sentences, including 10 practice sentences, 24 experimental
sentences (12 grammatical, 12 ungrammatical), and 24 filler sentences. In half of
the critical items, both potential antecedent NPs were in the singular, and in the
other half, both NPs were in the plural, yielding the following four sentence

types:¢

(10) a. Singular—Grammatical

The doctor recognized the nurse of the pupil who was feeling very
tired.

b. Plural—Grammatical
The doctor recognized the nurses of the pupils who were feeling very
tired.

c. Singular—Ungrammatical
* The doctor recognized the nurse of the pupil who were feeling very
tired.

d. Plural—Ungrammatical
* The doctor recognized the nurses of the pupils who was feeling very
tired.

In half of the grammatical and half of the ungrammatical sentences, the two
postverbal NPs were joined by the preposition of and in the other half by the prep-
osition with (Appendix A provides a complete list of the materials used in the
grammaticality judgment test). The relationship between the two NPs in the of
condition was of the functional/occupational type throughout (cf. Gilboy et al.
(1995)).

The auditory questionnaire materials included 20 sentences (10 experimental
sentences, 10 fillers). Of the fillers, half were ambiguous and half unambiguous.
All experimental sentences were ambiguous, with both NPs and the auxiliary in
the RC appearing in the singular. There were two versions of each sentence, one
using the preposition of to link the two critical NPs and the other one using with,
as shown in (11a) and (11b), respectively (see Appendix B for a list of the experi-
mental items used in the questionnaire study).

dren. As regards the structure of the sentences we used, there is evidence that shows that 6- to 7-year-
old children process complex sentences containing subject RCs in a qualitatively similar way to adults
(see, e.g., Weighall and Altmann (2001)). Processing right-branching structures (which were also used
in this study) proved to be easier than processing center-embedded ones, which has been found to be
the case for children as well as adults (see, e.g., Bates, Devescovi, and D’ Amico (1999), Booth et al.
(2000), MacWhinney and Pleh (1988)).

°As one reviewer noted, sentences of the type (10d) may in fact be grammatical under an
extraposition reading in which the RC is taken to modify the subject NP, which may have affected the
results from the grammaticality judgment task. As the children (as well as the adults, albeit only for
sentences containing complex genitive NPs) did indeed reject sentences of this type less often than
sentences such as (10c), this may at least in part account for the children’s relatively low accuracy rate
in this task.
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(11) a. The doctor recognized the nurse of the pupil who was feeling very
tired.

b. The doctor recognized the pupil with the nurse who was feeling very
tired.

To ensure that the experimental sentences sounded equally natural in both the
of and the with conditions, we reversed the relative ordering of NP1 and NP2 in
the with conditions in all experimental materials.” Two different versions of the
questionnaire were created, and the sentences in each of the two sets were pseudo-
randomized. Each set contained one version of each experimental sentence only
and an equal number of of and with sentences.

The stimulus materials for the self-paced listening task comprised 89 sen-
tences, including 17 practice, 24 experimental, and 48 filler sentences.® The
experimental sentences were temporarily ambiguous and contained an RC modify-
ing either the overall object NP (= NP1 Attachment) or the embedded one (= NP2
Attachment). Disambiguation always occurred on the auxiliary (was vs. were).
The two nouns appearing in the NP complex both had human referents and were
matched for frequency. The two critical NPs were linked either by functional/oc-
cupational of or by “accompaniment” or attributive with, yielding the following
four experimental conditions (Appendix C provides a complete list of the experi-
mental items used in the online task):

(12) a. Of-NP1

The doctor recognized the nurse of the pupils who was feeling very
tired.

b. Of-NP2
The doctor recognized the nurse of the pupils who were feeling very
tired.

c. With-NP1
The doctor recognized the pupils with the nurse who were feeling very
tired.

d. With-NP2
The doctor recognized the pupils with the nurse who was feeling very
tired.

Results from both offline and online experiments by Roberts (2003) suggest that NP order by itself
does not influence attachment decisions. Roberts found the same attachment preferences for NPs linked
by the preposition next fo irrespective of the relative ordering of the two potential antecedent NPs, indi-
cating that adult speakers’ attachment preferences are not affected by NP order per se.

8A somewhat lower filler-to-target ratio was used in both the questionnaire (1:1) and the self-paced
listening experiment (2:1) than is normally used in adult processing studies to keep the total number of
stimulus sentences the children are exposed to as small as possible, taking into account their relatively
shorter concentration span. Note that this is common practice in child processing studies; Traxler
(2002), for example, used equal numbers of filler and target sentences in his self-paced reading study,
and Booth et al.’s (2000) materials comprised 16 filler and 12 target sentences for both their self-paced
reading and listening experiments.
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To neutralize any possible effects of number, the relative ordering of singular
and plural NPs was counterbalanced across all four conditions. Two different ex-
perimental sets were created, each containing two maximally different versions of
each experimental sentence (either (a) and (d) or (b) and (c)), and the experimen-
tal items in each set were pseudo-randomized.

All auditory materials were read by a female native speaker of English and pre-
recorded on a digital tape recorder. To the materials used in the online task, splic-
ing was applied so as to reduce as far as possible potential effects of prosody. The
initial NPs of each NP complex were replaced by the same NP from a different
sentence read separately. In the of conditions, NP1 was replaced by an NP from a
sentence in which this NP was followed by a locative PP, whereas NP1 in the with
conditions was replaced by the initial NP from an NP-of-NP complex. In addition,
the segments containing who, was, and were were replaced by the same words
read separately so that these segments were identical in all conditions and not
phonologically reduced as it might happen in continuous speech.

4.3. Procedures

The experiments with the children were carried out in a dedicated room in their
school. Prior to the main experimental tasks, the children were given a short vo-
cabulary test to make sure that they knew the vocabulary items that were used in
the main experiments and to familiarize them with the pictures they had to re-
spond to in the online task. Further details of procedures are given next.

4.3.1. Listening-span task. The materials and procedure for the listen-
ing-span task were adopted from Gaulin and Campbell (1994), which is an adap-
tation of Daneman and Carpenter’s (1980) reading-span task for children. The
task involved listening to sets of one to six sentences, providing a truth—value
judgment for each sentence, and then recalling the last word of each of the sen-
tences at the end of each set.

4.3.2. Grammaticality judgment task. The design of the grammaticality
judgment test was based on McDaniel and Smith Cairns (1996). Participants were
instructed to listen carefully to a set of prerecorded sentences presented to them
through headphones and then to indicate for each sentence whether or not it con-
tained a grammatical error. The children were asked once every couple of sen-
tences to correct sentences they had judged as bad by asking them “Could you
make it sound good?” The end of each sentence was indicated by a tone. Partici-
pants were allowed to listen to each sentence as many times as they wanted to be-
fore making their decision.

4.3.3. Questionnaire study. Participants were instructed to listen care-
fully to a set of sentences through headphones. The end of each sentence was indi-
cated by a tone. After each sentence, a content question was presented through the
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headphones. The question following the experimental sentences was always a
who question of the type shown in (13).

(13) Who was feeling very tired?

On presentation of the question, two NPs appeared on the screen representing
two possible answers—for example, the nurse and the pupil. Nouns were always
preceded by the definite article. One NP appeared on the left side of the screen
and the other on the right side. The order of the two possible answers was counter-
balanced relative to the order of the nouns in the test sentences. To compensate for
some of the children’s difficulty with reading, we read the phrases out loud as
they appeared on the screen. Participants were allowed to listen to each sentence,
the corresponding question, and the two answer options twice. They were in-
structed to answer the question after either the first or the second time.

4.3.4. Self-paced listening experiment. For the online task, we used the
auditory moving window technique described by Ferreira, Henderson, Anes,
Weeks, and McFarlane (1996) in which the participants listen to sentences by
pressing a pacing button to receive successive words or phrasal segments. This
technique, which has been used successfully with both adults (Ferreira, Anes, and
Horine (1996), Ferreira, Henderson, et al. (1996), Heredia and Vaid (2002), Wa-
ters, Yampolsky, and Caplan (2002), among others) and children (Booth et al.
(2000)) in the past, provides a segment-by-segment measure of processing time.
Self-paced listening tasks have been shown to be sensitive to the same effects that
have been observed in corresponding tasks using visual stimuli (see, e.g., Booth et
al. (2000), Ferreira, Henderson, et al. (1996)). The basic rationale underlying the
moving window technique is that increased RTs to a particular segment (relative
to the same segment in a control condition) indicate a relatively higher processing
difficulty at that point in the sentence.

Participants were seated in front of a 17-in. monitor and instructed to listen
carefully to the prerecorded sentences over headphones. The sentences were pre-
sented in a segment-by-segment fashion, with each sentence being divided into
five segments as indicated in (14). The disambiguating auxiliary always appeared
in the fourth segment.

(14) The doctor recognized / the nurse of the pupils / who / was / feeling very
tired.

After listening to each segment, the participants were asked to press either but-
ton on a dual push-button box as quickly as possible to receive the next segment.
The end of each sentence was indicated by a tone. The computer recorded the time
between the onset of each segment and the next button press. The presentation of
the stimuli and the recording of RTs was controlled by the NESU software pack-
age (Baumann, Nagengast, and Klaas (1993)). To ensure that the participants paid
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attention to the task, all experimental sentences and half of the fillers were fol-
lowed by a comprehension question of the type shown in (15), which was also
presented auditorily.

(15) Who was feeling very tired?

Immediately after the question was presented, two pictures appeared on the
computer screen—one on the left and one on the right side of the screen. Each pic-
ture represented one of the two potential antecedent NPs. For half of the ques-
tions, the correct picture appeared on the left side of the screen, and for the other
half of the questions, the correct picture appeared on the right side. The order of
the two pictures was counterbalanced relative to the order of the corresponding
nouns in the stimulus sentences. To answer the question, the participants had to
press either the left or the right button of a dual push-button box, which corre-
sponded to the left or right picture on the screen. The online experiment lasted ap-
proximately 30 min and was divided into two 15-min sessions by a short break.
The first session was preceded by 11 practice sentences and the second session by
a further 6 practice sentences. Each participant heard 2 different sentences from
each sentence quadruplet, 1 in the first session and the other in the second session.

5. RESULTS
5.1. Listening-Span Task

Listening-span scores were calculated using the scoring procedure originally de-
scribed by Daneman and Carpenter (1980). On the basis of their scores in this
task, we divided the children into two groups—those with a relatively low listen-
ing span (span < 1.5) and those with a high listening span (span > 2). Of the 29
children who took part in the main experiments, 19 were identified as high-span
(M age = 6;8, range = 6;2-7;5) and 10 as low-span participants (M age = 68,
range = 6;4-7;2).

5.2. Grammaticality Judgment Task

Both the children and the adults were better at accepting grammatical sentences as
correct than they were at rejecting the ungrammatical ones. This tendency was
stronger for the children who overall exhibited a fairly strong bias toward a “yes”
response. The mean overall accuracy rate for the adult group was 88%, and the
children’s mean overall accuracy rate was 62%. The main purpose of the

“Results from a Pearson correlation test showed that the children’s scores in the listening span test
were not correlated with age (r = .243, n = 29, p = .203).
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grammaticality judgment task was to identify children who failed to demonstrate
any sensitivity to number agreement errors in the auditorily presented sentences
of the type under investigation and to exclude any such children from the analysis
of the two main experiments.'® Of the 38 children who originally underwent this
task, we excluded from all subsequent analyses those who accepted all sentences
as grammatical (8 children) as well as 1 child whose overall response accuracy
rate was below chance level. Given that the children appeared to be biased toward
a “yes” response, we also calculated correctness scores using the A’ statistic
(Grier (1971)) that isolates the factor bias from the measure of sensitivity to the
grammaticality of the sentences. When we applied Grier’s formula'! to the uncor-
rected scores, the children’s mean accuracy score rose to 77% (high-span children
= 80.5%, low-span children = 71.7%). The A’-corrected score of the child who
was excluded on the basis of her low uncorrected accuracy score remained below
chance level, though. Thus, 29 children and 37 adults went on to participate in the
questionnaire study and the self-paced listening experiment.'?

5.3. Questionnaire Study

The mean percentages of NP2 responses produced by each of the three participant
groups in the offline task were as follows: adults, of = 41%, with = 67%; children
with a high span, of = 47%, with = 58%; children with a low span, of = 46%, with
= 48%.

Overall, the with condition elicited more NP2 responses than did the of condi-
tion, particularly for the adults. One-sample ¢ tests revealed that the number of
NP2 responses provided for with by the adult group differed reliably from chance,
1,(36) =3.508, p < .01; £,(9) = 3.449, p < .01, whereas the adult participants’ bias
toward an NP1 response for the of condition proved marginally significant in the
subjects analysis only, #,(36) = 1.790, p < .1. Although the pattern of responses for
children with a high span resembles that of the adults, the number of NP2 re-
sponses remained within chance level for both groups of children and for both
conditions. There were also no statistically reliable differences between the two
conditions in either of the two child groups.

"There is ample evidence from the acquisition literature that normally developing English-
speaking children have mastered tense and agreement by about age 4 (cf. e.g., Rice, Wexler, and
Hershberger (1998)). The fact that some of our 6- to 7-year-old children failed to detect number agree-
ment violations in the auditory grammaticality judgment task suggests that they had problems with
this task rather than lacked grammatical knowledge in this domain.

HA’=0.5+ (y—x) (1 +y—x)/4y(1 — x), where x = proportion of false alarms, and y = proportion
of hits.

2To determine whether the children’s performance in the grammaticality judgment task was
linked to their listening span, we performed a Pearson correlation analysis on the two sets of (uncor-
rected) scores. The results indicate that the children’s scores in the two tasks were not correlated (r =
.048, n = 29, p = .805).
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TABLE 1
Mean Reaction Times per Condition for All Segments and All Groups
Condition Segment 1 Segment 2 Segment 3 Segment 4 Segment 5
Adults
of-NP1 1,764 1,931 680 610 2,199
of-NP2 1,806 1,970 714 665 2,183
with-NP1 1,715 1,902 664 667 2,231
with-NP2 1,762 1,906 642 609 2,314
Children with high span
of-NP1 2,044 2,100 967 863 4,221
of-NP2 2,254 2,160 934 964 4,840
with-NP1 2,199 2,120 826 749 4,471
with-NP2 1,987 2,055 915 807 4,956
Children with low span
of-NP1 2,322 2,325 1,067 874 4,821
of-NP2 2,515 2,263 857 807 4,044
with-NP1 2,847 2,447 1,031 916 5,045
with-NP2 2,106 2,214 990 836 3,588

Note. All reaction times are given in milliseconds.

5.4. Self-Paced Listening Task

Following common practice in studies of this type, only data from trials that were
responded to correctly were included in the statistical analysis of the reaction time
data. For each condition, RTs beyond 1.5 SDs from each participant’s mean were
corrected to that value, affecting 9.8% of the data.!> We also eliminated trials in
which the participants had pressed the button before listening to the entire seg-
ment. To remove extreme outliers, we also excluded RTs greater than 2,000 ms to
the critical segment (was/were), that is, data points that were more than twice as
long as the average RTs. In addition, we excluded the data from 1 child whose an-
swer accuracy was at or below chance level for all conditions and the data from 1
adult participant whose data set was incomplete. Finally, one item was excluded
from the adult data (Item 10 in Appendix C) and two items from the child data
(Items 4 and 11 in Appendix C) because the relevant data sets were incomplete.
The remaining data from 18 high-span children, 10 low-span children, and 36
adults were included in the statistical analysis of the RT data.

Table 1 presents an overview of all participant group’s mean RTs to each seg-
ment for the four conditions. Here and in the following, all RTs are given in milli-
seconds.

BWe used a correction window of +1.5 SDs (rather than the usual 2 or 2.5 SDs) because the chil-
dren’s listening times showed a relatively high degree of variation as is typically the case in online RT
studies with children (cf. McKee (1996)).
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5.5. Adult Group

Overall, the adult group produced shorter RTs than did the children. The adult
group’s mean RTs to the segment containing the disambiguating auxiliary (= Seg-
ment 4) are plotted in Figure 1.

The adult group produced shorter RTs to the critical segment for sentences
forcing NP1 disambiguation for the of conditions but shorter RTs for forced NP2
disambiguation if the two critical NPs were joined by the preposition with. Two-
way analyses of variance (ANOV As) with the variables preposition and attach-
ment revealed that the Preposition x Attachment interaction was significant in
both the subjects and the items analysis, (1, 35) = 13.308, p < .01; F,(1, 10) =
5.021, p < .05. Subsequent pairwise comparisons using paired-samples ¢ tests
showed significant differences between NP1 and NP2 attachment both for the of
conditions, #,(35) =2.268, p < .05; ,(10) = 2.298, p < .05, and for the with condi-
tions, #,(35) =2.638, p <.05; 1,(10) = 1.828, p < .1. For both Segments 2 and 3 pre-
ceding the disambiguating region, there was a main effect of preposition in the
subjects analysis, which reflects shorter reading times for the with sentences: Seg-
ment 2, F\(1,35)=8.229, p <.01; F5(1,10) = 1.235, p > .1; Segment 3, F(1, 35) =
10.149, p < .01; F(1, 10) = 0.992, p > .1. Crucially, however, there was no inter-
action between preposition and attachment on these earlier segments.

5.6. Children

At Segments 2 and 3 preceding the disambiguating auxiliary, there were no statis-
tical effects or interactions for either group of children. The results from the chil-
dren with a high span and low span at Segment 4 are plotted in Figures 2 and 3.
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FIGURE 1 Mean reaction times to Segment 4—Adults (N = 36).
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FIGURE 2 Mean reaction times to Segment 4—High-span children (N = 18).
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FIGURE 3 Mean reaction times to Segment 4—Low-span children (N = 10).
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Whereas for the high-span group the conditions forcing NP1 attachment elic-
ited shorter RTs at the disambiguating segment than the conditions forcing NP2
attachment for both of and with antecedents, the low-span group showed the op-
posite pattern. To find out whether this difference between the two span groups
was statistically reliable, we performed a preliminary 2 x 2 x 2 ANOVA with the
variables preposition (of vs. with), attachment (NP1 vs. NP2), and group (high-span
vs. low-span) as between-subject factor for the critical segment. This analysis re-
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vealed a significant Preposition x Group interaction in the subjects analysis that was
marginally significant in the items analysis, F(1, 26) = 6.936, p < .05; F,(1, 18) =
3.752, p < .1, and a significant Attachment x Group interaction in both the subjects
and the items analysis, F(1, 26) = 13.924, p < .01; F,(1, 18) = 6.874, p < .05, con-
firming that the two groups of children differed reliably with respect to their online
disambiguation preferences. As the observed interactions indicate that the two span
groups exhibited different patterns of attachment preferences, we subsequently ana-
lyzed the results from each group on the critical Segment 4 separately.

5.4. High-Span Children

Figure 3 shows that for the high-span group, NP1 attachment elicited faster RTs at
Segment 4 than did NP2 attachment for both of and with. Moreover, RTs to the
critical segment were shorter for the with conditions. Two-way ANOV As with the
variables preposition and attachment revealed significant main effects of both
preposition, F,(1, 17) = 10.450, p < .01; F,(1,9) = 5.963, p < .05 and attachment,
Fi(1,17) = 11.279, p < .01; Fy(1, 9) = 6.474, p < .05 for this group of children.
Crucially, though, the two variables did not interact. The effect of preposition
found on the critical segment reflects the fact that overall, this group of children
produced shorter RTs to the with conditions than to the of conditions (778 ms vs.
915 ms). The fact that this tendency, although not statistically significant, is al-
ready visible on the preceding Segment 3 (871 ms vs. 951 ms) suggests that the
children with high span found complex NPs joined by with easier to process than
those joined by of. The effect of attachment, on the other hand, confirms the pre-
ceding observation that this participant group preferred NP1 attachment irrespec-
tive of the type of preposition.

5.5. Low-Span Children

For this group of children, it was disambiguation toward NP2 attachment that pro-
duced faster RTs for both the of'and the with conditions. Two-way ANOVAs with
the variables preposition and attachment showed a significant main effect of at-
tachment in the subject analysis, F (1, 9) = 4.926, p = .05. Although contrary to
the children with high span, the children with a low span produced somewhat lon-
ger response latencies to the critical segment in the with conditions than in the of
conditions, no statistically reliable effect of preposition was found for this group.

5.6. Child-Adult Comparisons

To explore the extent to which the children’s attachment patterns differed from
that of the adult group, we performed further ANOVAs comparing the results
from each of the span groups with those from the adult group. When comparing
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the adult group and the high-span group, a mixed 2 x 2 x 2 ANOVA with the vari-
ables preposition, attachment, and group showed significant main effects of prep-
osition, F (1, 52) = 16.054, p < .01; F,(1, 19) = 5.622, p < .05; attachment, F',(1,
52)="7.792, p < .01; F,(1, 19) = 6.355, p < .05; and group, F,(1,52)=42.988, p <
.01; Fy(1,19) =67.171, p < .01, as well as significant Preposition x Group, F,(1,
52)=15.404, p < .01; F,(1, 19) =5.382, p < .05; and Attachment x Group interac-
tions, F(1, 52) = 12.861, p < .01; F,(1, 19) =5.544, p < .05. A parallel ANOVA
comparing the results from the low-span group with those from the adult group re-
vealed a significant main effect of attachment in the subjects analysis, F(1, 44) =
6.361, p < .05; a main effect of group in both the subjects and the items analysis,
Fi(1,44)=26.671, p<.01; F,(1, 19) =50.752, p < .01; a significant Preposition x
Attachment interaction in the subjects analysis, F(1, 44) = 4.253, p < .05; and a
marginally significant Attachment x Group interaction in the subjects analysis,
F\(1,44)=3.380, p < .1. Taken together, these results confirm that neither group
of children showed the same pattern of attachment preferences as the adult group.

5.7. Analysis of Response Accuracy

Overall, the mean response accuracy rates of the three participant groups in the
online task were relatively low, possibly reflecting the fact that due to the transi-
tory nature of the stimulus segments, auditory comprehension is a more demand-
ing task than reading comprehension. Whereas the adult group answered 75% of
the questions following the experimental and filler items correctly, the children
with a high span had an overall correctness score of 66%, and the low-span group
had 58%. Table 2 provides an overview of the mean percentages of correct re-
sponses to the questions following the experimental sentences.

As can be seen from Table 2, the participants’ patterns of response accuracy are
similar to their online attachment preferences as demonstrated by the analyses of
the RTs results. The adult group’s response accuracy rate was higher for NP1 than
NP2 questions for the of conditions but higher for NP2 than NP1 questions for the
with conditions. The answer accuracy rate for children with a high span was higher
for NP1 questions than for NP2 questions for both prepositions, whereas the
children with a low span showed the opposite pattern. The 2 x 2 ANOVAs with
the variables preposition and attachment on the adult group’s accuracy data

TABLE 2
Mean Percentages of Correct Responses to
Questions Following Experimental ltems

Group of-NP1 (%) of-NP2 (%) with-NP1 (%) with-NP2 (%)
Adults 77 60 57 67
Children with high span 64 59 56 53

Children with low span 55 68 47 53
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showed a significant main effect of preposition in the subjects analysis, F(1, 35)
=4.531,p <.05; F,(1, 10) = 0.458, p > .1 and a significant Attachment x Preposi-
tion interaction, F,(1, 35) = 17.345, p < .001; F,(1, 10) = 6.798, p < .05, confirm-
ing that the adult participants’ response accuracy pattern did indeed match their
online attachment preferences. The analyses of the children’s accuracy data re-
vealed a main effect of preposition for the high-span group, F,(1, 17) =4.533, p <
.05; F,(1,9) =17.364, p < .05, reflecting the fact that for this group, questions to of
sentences elicited more correct responses than questions to with sentences, and a
significant main effect of attachment for the low-span group in the subjects analy-
sis, Fi(1,9) =25.138, p < .01; F,(1, 9) =2.928, p > .1, reflecting the fact that for
this group, NP2 questions yielded higher response accuracies than NP1 questions.

5.8. Additional Analyses

As some of the children’s response accuracy rates were close to chance level, it is
possible that these children did not make an active enough effort to comprehend
the experimental sentences. To find out whether low-accuracy children processed
the experimental items any differently from their high-accuracy peers, we per-
formed an additional analysis of the children’s RTs to the critical segment in
which the children were divided into two groups on the basis of their response ac-
curacy rather than their listening span as in the earlier analysis (see Figures 2 and
3). Children were assigned to Groups 1 and 2 using the median of the response ac-
curacy scores. A mixed 2 * 2 * 2 ANOVA with the variables preposition, attach-
ment, and group revealed a significant main effect of preposition, F(1, 26) =
5.958, p <.05; F,(1, 18) =7.835, p < .05 only, reflecting the fact that, overall, the
children produced shorter RTs for the with conditions than for the of conditions.
Crucially though, there was no Attachment x Group interaction, confirming that
the children’s overall response accuracy rate was not related to their online attach-
ment preferences.

We also determined whether the children’s response accuracy in the online
task was dependent on their listening-span scores. It might, for example, be the
case that children with relatively low listening spans achieved poorer accuracy
scores than children with high listening spans. The results of a Pearson correlation
test between accuracy scores and listening spans showed that this was not the case
(r=.141; n=28; p = .474). Taken together, the results from the preceding analy-
ses indicate that the children’s answers to the control questions were affected by
factors other than those that influenced their attachment preferences, including
the possibility that they occasionally confused the two buttons or failed to take
into account the number marking on the auxiliary when attempting to reconstruct
the sentences’ meaning at the end of the trial.

In online experiments such as the one performed for this study, it is common
practice to include only those trials for which the participants answered the ac-
companying comprehension questions correctly. This is indeed the way we ana-
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lyzed the self-paced listening data previously. However, the children’s relatively
low offline response accuracy scores in this task forced us to exclude a consider-
able amount of data from the statistical analysis. To include a larger amount of
data, we performed an additional analysis on the children’s RTs to the critical seg-
ment for both correctly and incorrectly answered trials. The rationale for this ad-
ditional analysis was as follows. On the assumption that trials in which an initial
attachment is revised yield relatively longer RTs to the critical segment than those
in which the initial attachment is maintained, we hypothesized that RTs to Seg-
ment 4 should generally be shorter for trials to which the children gave their pre-
ferred answer—regardless of whether this answer was in fact accurate. That is, for
the children with a high span (who, as shown previously, preferred NP1 attach-
ment), RTs should be shorter for trials that elicited an NP1 response than for those
trials in which they gave an NP2 response. The opposite should hold for the chil-
dren with a low span (who prefer NP2 attachment), that is, trials eliciting an NP2
response should yield shorter RTs than those eliciting an NP1 response.

To test these predictions, we performed additional analyses on both correct and
incorrect trials combined. For the high-span children, RTs to Segment 4 were in-
deed shorter overall for sentences that elicited an NP1 answer than for those that
elicited an NP2 answer (818 ms vs. 895 ms), irrespective of accuracy. A one-way
ANOVA with the variable answer (NP1 vs. NP2) showed a significant main ef-
fect, F,(1,17)=7.109, p < .05; F,(1,9) =9.893, p < .05, indicating that the afore-
mentioned difference between the NP1-response and NP2-response RTs for
children with a high span was reliable. For the low-span group, we found the op-
posite pattern, with sentences eliciting an NP2 answer showing significantly
shorter RTs to the critical segment than sentences eliciting an NP1 answer (850
ms vs. 953 ms), F,(1, 9) =9.636, p < .05; F,(1, 9) = 5.146, p < .05. These results
provide additional evidence that the 6- to 7-year-old children we tested fell into
two groups with respect to their RC attachment preferences.

6. DISCUSSION

Our results have revealed differences between the way children and adults proc-
ess structurally ambiguous input. Specifically, our findings indicate that whereas
adult native speakers’ offline and online RC attachment preferences are influ-
enced by semantic properties of the preposition joining the two potential anteced-
ent NPs, children’s online attachment preferences interact with their listening
span: Whereas the children with a high span showed a preference for NP1 attach-
ment for both prepositions, the low-span group showed a general tendency toward
NP2 attachment.

In the following, various linguistic and nonlinguistic factors that may have af-
fected our results are discussed in turn, as are the implications of our findings for
theories of language acquisition and processing.
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6.1. Structural Versus Nonstructural
Information in Online Processing

The results from the adult group confirm Traxler et al.’s (1998) finding that the
type of preposition joining the two potential host NPs (of vs. with) affects online
ambiguity resolution in adult comprehenders. The results from the children, by
contrast, indicate that children’s attachment preferences were not influenced by
semantic properties of the preposition or by the particular semantic relation be-
tween the two critical NPs that the preposition signals. Instead, the children ap-
peared to be guided primarily by structure-based locality principles during
parsing: Whereas the children with a low span appeared to follow a general Re-
cency strategy favoring NP2 attachment, the high-span group relied on a strategy
such as Predicate Proximity that favors NP1 attachment.'* The observation that
the children effectively ignored the attachment cues provided by the preposition
during sentence processing is compatible with findings from other studies of chil-
dren’s online ambiguity resolution strategies (compare section 2). The results
from Traxler’s (2002) reading-time study of temporary subject—object ambigu-
ities also suggest that children’s parsing decisions are determined primarily by
structural factors. Specifically, he found that children would preferentially pursue
the structurally simpler analysis irrespective of plausibility or subcategorization
information. Together with our findings, these results indicate that the use of se-
mantic or contextual information during online processing may be developmen-
tally delayed with respect to the use of structural information.

Further support for this view comes from an ongoing study with a group of
older (10- to 11-year-old) children. Thus far, we have tested 34 children (M age =
10;7, range = 10;1-11;2) using the same tasks as for the younger children reported
in this study. On the basis of their scores in the Gaulin and Campbell (1994) test,
30 of these children had a high listening span and are in this regard comparable to
our subgroup of high-span 6- to 7-year-olds.!> Here, we briefly report some pre-
liminary results from these 30 children. As one might have expected, the older
children’s performance is closer to the performance of adult control group than
the younger children’s. Interestingly, however, this was only the case for their

“One reviewer suggested that rather than being guided by Predicate Proximity, the children with
high span might simply prefer to modify as few NPs as possible, which would also account for the re-
sults obtained from this group in the online task. However, why should this only be the case for the
children with high-span? An explanation along these lines seems unlikely and ad hoc, as neither the
adult group nor the low-span group appear to be sensitive to such a constraint on modification. More-
over, it is unclear what the possible source(s) of this constraint might be and how children should
eventually come to abandon it in favor of adult-like processing strategies. Given the results from the
low-span group, limited processing resources are unlikely to give rise to any such restrictions on modi-
fication.

SWe are currently trying to recruit more 10- to 11-year-olds with a relatively low listening span to
allow for comparisons with our subgroup of 6- to 7-year-olds with low span.
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offline performance but not with respect to online ambiguity resolution as re-
vealed by their RTs to the critical segment in the self-paced listening task. In the
grammaticality judgment task, the older children scored more than 80% correct,
which is similar to the adult group’s mean score of 88%. In the auditory question-
naire, the older children showed a clear tendency toward NP1 disambiguation for
sentences containing of antecedents but not for sentences containing with anteced-
ents. In terms of their response accuracy to the comprehension questions in the
self-paced listening task, the older children also achieved similar scores (of more
than 60%) as the adult control group. Response accuracy was higher for NP1 than
NP2 questions for the of conditions but higher for NP2 than NP1 questions for the
with conditions—the same pattern that was observed in the adults. Despite these
similarities, however, the crucial online measure (= listening times to Segment 4)
revealed differences between the older children and the adult group. Recall that in
the online task, the adults showed an NP1 preference for the of conditions and an
NP2 preference for with antecedents. By contrast, the older (high-span) children
produced faster RTs in conditions forcing NP1 attachment than in conditions
forcing NP2 attachment, irrespective of the type of antecedent. This replicates the
pattern that was found for the younger children with high span and indicates that
even the older children’s online ambiguity resolution is not influenced by the type
of preposition linking the two critical NPs.

The observation that in the questionnaire task the older children treated the two
conditions differently shows that, in the offline task at least, these children were
sensitive to semantic properties of the linking preposition. Note that the 6- to 7-
year-old children with a high span showed a similar tendency in the offline task
(cf. section 5, questionnaire study). The contrast between the questionnaire and
the listening-time data suggests that children are capable of making use of seman-
tic cues in principle but that this ability has not yet become sufficiently automa-
tized to influence the initial stages in parsing. In other words, what seems to
distinguish sentence processing in children and adults is not a general inability to
use semantic information on the part of the children but rather the fact that chil-
dren need more time for integrating structural and semantic or contextual infor-
mation during sentence processing than adults do. Possible differences between
adults and children in the extent to which semantic information can influence ini-
tial parsing preferences apart, then, our results are consistent with the hypothesis
that the language processor does not undergo any qualitative changes from child-
hood to adulthood (Crain and Wexler (1999), Fodor (1998), among others).

6.2. The Role of Prosody in Ambiguity Resolution

Given that most previous studies investigating RC attachment ambiguities in
adult speakers of English have found an NP2 attachment preference for of, the fact
that our adult group showed a preference for NP1 attachment for this preposition
was somewhat unexpected (cf. Mendelsohn & Pearlmutter (1999) and Traxler et
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al. (1998) for similar findings).'® As the materials in both of our main experiments
were presented auditorily, it is conceivable that prosodic factors have influenced
the participants’ attachment decisions. Prosodic factors are known to influence
syntactic ambiguity resolution in adults (Fodor (1998), Price, Ostendorf, Shat-
tuck-Hufnagel, and Fong (1991), Schafer et al. (1996), among others). Recall,
however, that we found an NP1 preference for of both in the offline and in the on-
line task. That is, although it may be the case that during the recording of the ma-
terials, an “NP1 intonation” (cf. Schafer et al. (1996)) was unintentionally
imposed on the stimulus sentences used in the offline task, this is unlikely to be
true for the materials used in the self-paced reading task, which had undergone
splicing. What may have biased speakers toward NP1 attachment in the online
task, though, is the fact that the complex NP was presented as one segment and
that this segment was necessarily followed by a pause—the time it took the partic-
ipants to press the button triggering the presentation of the next segment. As was
shown by Price et al. (1991), introducing prosodic breaks before an ambiguous re-
gion may indeed influence listeners’ attachment decisions during the processing
of structurally ambiguous input. Schafer et al. (1996) suggested that the presence
of a major prosodic boundary after the complex NP is likely to bias listeners to-
ward NP1 attachment of a following RC.

Although we cannot rule out the possibility that prosody may be responsible
for the adult participants’ NP1 preference for of, prosodic factors alone can hardly
explain why adult speakers’ attachment preferences should vary depending on the
type of preposition linking the two NPs. What is more, the assumption that listen-
ers’ attachment decisions are affected by prosody cannot by itself explain the re-
sults from the children, in particular, the differences in attachment preferences
between the two span groups or the absence of any interaction of preposition type
and attachment site in the two groups. As to the former observation, it is conceiv-
able that the NP1 preference for the children with a high span was due to their be-
ing influenced by prosodic cues more than the children with a low span. This
possibility is rendered unlikely, however, by the results from an offline study by
Smyth (2001) on the influence of prosodic breaks on children’s and adults’ com-
prehension of ambiguous relative clauses. Smyth found that although 3- to 6-year-
old children produced a similar (or even higher) number of NP1 responses as the
adults to sentences spoken without pauses, introducing a pause after NP2 did not
lead to a higher proportion of NP1 attachments in either the adults or the children.
Studies by Choi and Mazuka (2002) and Snedeker, Thorpe, and Trueswell (2001)
provide further evidence that children make limited or no use of prosodic cues
when processing ambiguous sentences. To conclude, even if it were the case that
our high-span group differed from the low-span group in that the former but not

!Note that in their questionnaire study, Gilboy et al. (1995) also found that complex NPs of the
type we used in our experiments—that is, NPs linked by functional/occupational of—elicited more
NP1 than NP2 responses.
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the latter were sensitive to prosodic cues during online processing (a possibility
that we are unable to verify), the possible influence of prosody alone does not ac-
count for our overall pattern of results.

6.3. Frequency of Exposure

An influential account in the adult sentence-processing literature is the so-called
Tuning Hypothesis (Cuetos et al. (1996), Mitchell and Cuetos (1991)), according to
which comprehenders’ attachment preferences reflect the relative frequency of NP1
versus NP2 attachment patterns in the input. Preliminary evidence supporting the
influence of past exposure on children’s RC disambiguation preferences comes
from a training study with 7-year-old Spanish-speaking children reported by Cuetos
et al. (1996). The results from Cuetos et al.’s study show that systematically in-
creasing the number of NP1 disambiguations in the input led to a significant in-
crease in the strength of the children’s NP1 attachment bias in a posttraining, offline
test. The children “trained” on the NP2 attachment pattern, on the other hand, failed
to show any increase in their proportion of NP2 responses.

Probabilistic approaches to the development of parsing preferences such as the
Tuning Hypothesis have difficulty accounting for our child data, however. On the
assumption that all children tested had been exposed to roughly the same propor-
tions of NP1 and NP2 attachments in the past, the Tuning Hypothesis predicts that
our children should have behaved in a uniform way. Given that the children’s lis-
tening span was not correlated with their age, their grammaticality judgment
scores, or their answer accuracy in the online task, it seems unlikely that their lis-
tening-span scores should have reflected differences in the children’s linguistic
development. Furthermore, given the likely predominance of the NP2 attachment
pattern for NPs linked by “local” prepositions such as with in the input, both
groups of children should have exhibited at least a tendency toward NP2 attach-
ment for with. Our results disconfirm this prediction. Instead, we found an overall
NP1 attachment preference for the children with a high span in the online task,
even for the with condition.

6.4. The Role of Working Memory

Although our results suggest that children’s use of lexical-semantic information
during parsing is developmentally delayed with respect to their use of structural
information, this by itself does not explain our second main result: the observation
that the children’s online attachment preferences differed depending on their lis-
tening span. More specifically, we found that children with a relatively high lis-
tening-span score showed a preference for NP1 attachment as predicted by the
Predicate Proximity principle, whereas the children with a low span showed a
general tendency toward NP2 disambiguation, thus obeying Recency. As it is un-
likely that the two groups of children have different parsers, we suggest that the
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observed differences in parsing performance between the two span groups are
best attributed to nonlinguistic differences. On the assumption that listening-span
scores provide a measure of the children’s verbal WM capacity, individual WM
differences are the most likely source of the observed pattern of variation. Note
also that a number of previous studies have found that individual differences in
WM influence ambiguity resolution in adults (MacDonald et al. (1992), Mendel-
sohn and Pearlmutter (1999), Pearlmutter and MacDonald (1995), among others)
and affect sentence processing in normally developing children (A. Adams and
Gathercole (2000), Booth et al. (2000)).

From a WM perspective, it is conceivable that listeners will attach an ambigu-
ous relative clause to whichever potential host NP is more active in their immedi-
ate memory. Our results indicate that the relative saliency of the two NPs differed
depending on a child’s listening span. This idea is further supported by the results
of the two child groups’ answer accuracy in the self-paced listening task. Whereas
the children with a high span responded more accurately to questions in which
NP1 was the correct answer than to those in which NP2 was correct, the reverse
tendency was observed for the children with a low span. On the assumption that
the Recency strategy is the more memory-friendly option in that it favors the NP
that the participants had heard last, it is perhaps not surprising that it was the low-
span group who preferred this strategy.

The NP1 attachment exhibited by the high-span group, on the other hand, indi-
cates that for these children, the initial NP seemed to be the more active one. One
possible reason for this might be that the high-span group prioritized on determin-
ing hierarchical relationships among the constituents of the sentences they heard
or focused on the processing of “primary phrases” in the sense of Frazier and
Clifton (1996). From this point of view, NP1 would be a more salient antecedent
for the RC than the more deeply embedded NP2. There is independent evidence
that the relative strength of the Predicate Proximity strategy increases where WM
or processing resources are short. Recall, for example, Gibson et al.’s (1996) find-
ing that if the number of potential antecedents for an ambiguous RC were in-
creased to three, comprehenders would violate Recency in that they preferred
high over middle attachment. Evidence that adult speakers’ offline RC attachment
preferences are influenced by their WM capacity is provided by the results from
Mendelsohn and Pearlmutter’s (1999) questionnaire study: They obtained a
higher number of NP1 responses from their low-WM participants than they did
from their high-WM participants. Mendelsohn and Pearlmutter hypothesized that
due to their relatively limited processing resources, their participants with a low
span may have focused primarily on the verb and its arguments—an idea that is
similar to what we are suggesting for the children with a high span. If processing
resources are even scarcer, though—as was very likely the case for our children
with a low span—then NP saliency will be determined primarily by Recency,
leading the children’s parser to preferentially attach an ambiguous modifier to the
second potential host NP.
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7. CONCLUSION

This study has yielded two main findings. First, our results from the self-paced
listening task show that adults’ but not children’s online attachment decisions are
influenced by the type of preposition involved, indicating that the ability to use
lexical-semantic cues to disambiguation is developmentally dissociated from the
use of structure-based parsing principles. This conclusion is in line with previous
findings by Traxler (2002) and others to the effect that during online sentence
comprehension, children pursue the structurally simpler analysis irrespective of
the presence of disambiguating semantic or contextual information. We argued
that rather than being absent altogether, children’s sensitivity to lexical biases
does not (yet) influence their online parsing decisions. That children’s parsing
should be primarily guided by structural information during sentence processing
may be due to the fact that children’s WM capacity is more limited than that of
adults, on the assumption that the online integration of nonstructural information
requires additional processing resources. Determining the exact age or develop-
mental stage at which children begin to behave like adults in this regard will be
left as a matter for future research.

Second, we found that children’s online parsing strategies differed depending
on their verbal WM capacity. Whereas children with a relatively low listening
span predominantly applied a more memory-friendly Recency strategy, the chil-
dren with a high span followed a principle such as Predicate Proximity that is
based on the hierarchical structure of sentences. This result suggests that individ-
ual WM capacity may affect the way in which these two parsing principles inter-
act. In our view, then, the observed differences between the children’s and the
adults’ performance in the online task are best interpreted as resulting from cogni-
tive differences outside the language system proper, specifically, from children’s
relatively limited WM spans.
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APPENDIX A

Critical Sentences Used in the
Grammaticality Judgment Task

Grammatical

. The reporter phoned the boss of the secretary who was reading a book.

. The cleaning lady noticed the chief of the player who was working very late.

. The nurse trusted the doctor of the teacher who was preparing to go home.

. A reporter interviewed the bodyguard with the prince who was wearing a
smart black suit.

5. The man spoke to the secretary with the manager who was about to move to a

new office.

AW N —
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11.

12.

. The little girl envied the princess with the maid who was eating chocolates.
. The headmaster smiled at the pupils of the teachers who were standing in the

hall.

. The inspector watched the assistants of the policemen who were watching the

report of the crime on TV.

. The journalist hated the soldiers of the colonels who were sitting down.
. The photographer liked the artists with the models who were smiling all the

time.

The young man noticed the singers with the guitarists who were reading the
music.

The coach looked at the football players with the fans who were very happy.

Ungrammatical

13.

14.

15.
16.

17.

18.

19.

20.

21.
22.

23.

24,

The director noticed the hairdresser of the actress who were wearing a green
dress and a yellow hat.

The director congratulated the instructor of the schoolboy who were looking
very serious.

The doctor recognised the nurse of the patient who were feeling very tired.
The cameraman spoke to the actor with the cameraman who were preparing
the next scene.

The young girl favoured the player with the driver who were talking to an old
woman.

The cameraman adored the actor with the director who were wearing round
glasses.

I watched the fans of the singers who was dancing about throughout the con-
cert.

The reporter watched the lawyers of the criminals who was speaking to the
judge.

The woman knew the photographers of the singers who was reading a book.
A strange woman called to the travellers with the guides who was about to
cross the dangerous river.

The doctor contacted the lawyers with the nurses who was talking on the
phone.

The woman blamed the hairdressers with the apprentices who was smiling all
the time.

APPENDIX B

Experimental Sentences Used in the
Auditory Questionnaire Study

la. The doctor recognised the nurse of the pupil who was feeling very tired.
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1b.

2a.

2b.

3a.
3b.

4a.
4b.

5a.
5b.

6a.
6b.

7a.
7b.

8a.
8b.

9a.
9b.

10a.
10b.

la.
1b.
lc.
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The doctor recognised the pupil with the nurse who was feeling very tired.

The young girl favoured the driver of the player who was talking to an old
woman.
The young girl favoured the player with the driver who was talking to an old
woman.

The journalist criticised the coach of the runner who was drinking too much.
The journalist criticised the runner with the coach who was drinking too
much.

The cleaning lady noticed the chief of the player who was working very late.
The cleaning lady noticed the player with the chief who was working very
late.

The woman knew the photographer of the singer who was reading a book.
The woman knew the singer with the photographer who was reading a book.

The student photographed the fan of the actress who was looking happy.
The student photographed the actress with the fan who was looking happy.

The doctor contacted the nurse of the lawyer who was talking on the phone.
The doctor contacted the lawyer with the nurse who was talking on the
phone.

The photographer liked the model of the artist who was smiling all the time.
The photographer liked the artist with the model who was smiling all the
time.

The nurse trusted the doctor of the teacher who was preparing to go home.
The nurse trusted the teacher with the doctor who was preparing to go home.

The journalist hated the soldier of the colonel who was sitting down.
The journalist hated the colonel with the soldier who was sitting down.

APPENDIX C

Experimental Sentences Used in the
Self-Paced Listening Task

The doctor recognised the nurse of the pupils who was feeling very tired.
The doctor recognised the nurse of the pupils who were feeling very tired.
The doctor recognised the pupils with the nurse who were feeling very tired.
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1d.

2a.

2b.

2c.

2d.

3a.

3b.

3c.

3d.

4a.

4b.

4c.

4d.

Sa.

5b.

5c.

5d.

6a.

6b.

6¢.

6d.
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The doctor recognised the pupils with the nurse who was feeling very tired.

The director congratulated the instructor of the schoolboys who was looking
very serious.

The director congratulated the instructor of the schoolboys who were look-
ing very serious.

The director congratulated the schoolboys with the instructor who were
looking very serious.

The director congratulated the schoolboys with the instructor who was look-
ing very serious.

The young girl favoured the driver of the players who was talking to an old
woman.

The young girl favoured the driver of the players who were talking to an old
woman.

The young girl favoured the players with the driver who were talking to an
old woman.

The young girl favoured the players with the driver who was talking to an
old woman.

The journalist criticised the coach of the runners who was drinking too
much.
The journalist criticised the coach of the runners who were drinking too
much.
The journalist criticised the runners with the coach who were drinking too
much.
The journalist criticised the runners with the coach who was drinking too
much.

The cleaning lady noticed the chief of the players who was working very
}?ltl: cleaning lady noticed the chief of the players who were working very
}?ltl: cleaning lady noticed the players with the chief who were working very
}?ltl: cleaning lady noticed the players with the chief who was working very
late.

The woman knew the photographer of the singers who was reading a book.
The woman knew the photographer of the singers who were reading a book.
The woman knew the singers with the photographer who were reading a
book.

The woman knew the singers with the photographer who was reading a
book.
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7a.
7b.
7c.
7d.

8a.

8b.
8c.

8d.

9a.

9b.
9c.

9d.

10a.
10b.
10c.

10d.

11a.
11b.
11c.
11d.

12a.

12b.
12c¢.
12d.
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The student photographed the fans of the actress who were looking happy.
The student photographed the fans of the actress who was looking happy.
The student photographed the actress with the fans who was looking happy.
The student photographed the actress with the fans who were looking happy.

The doctor contacted the nurses of the lawyer who were talking on the
phone.
The doctor contacted the nurses of the lawyer who was talking on the phone.
The doctor contacted the lawyer with the nurses who was talking on the
phone.
The doctor contacted the lawyer with the nurses who were talking on the
phone.

The photographer liked the models of the artist who were smiling all the
time.
The photographer liked the models of the artist who was smiling all the time.
The photographer liked the artist with the models who was smiling all the
time.
The photographer liked the artist with the models who were smiling all the
time.

The nurse trusted the doctors of the teacher who were preparing to go home.
The nurse trusted the doctors of the teacher who was preparing to go home.
The nurse trusted the teacher with the doctors who was preparing to go
home.

The nurse trusted the teacher with the doctors who were preparing to go
home.

The journalist hated the soldiers of the colonel who were sitting down.
The journalist hated the soldiers of the colonel who was sitting down.
The journalist hated the colonel with the soldiers who was sitting down.
The journalist hated the colonel with the soldiers who were sitting down.

The little girl envied the maids of to the princess who were eating choco-
lates.
The little girl envied the maids of to the princess who was eating chocolates.
The little girl envied the princess with the maids who was eating chocolates.
The little girl envied the princess with the maids who were eating choco-
lates.
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