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1 Introduction

To comprehend a sentence in real time, a listener must parse a st ring of words into a syntactic
structure and obtain a meaning, all while taking into account the co nversational goals of the
speaker and the relevance of the utterance to the discourse conte xt. It is no surprise, then,
that children frequently exhibit non-adult behavior in sentenc e comprehension. As has often
been observed, such non-adult behavior may derive from a variety of sources, including (but
not limited to) a grammar that diverges from adults', processing dif culties, limitations in the
ability to relate a statement to a context, or limitations in the ab ility to determine the discourse
function of an utterance. Thus, understanding language developm ent requires an understanding
of the contribution of each of these factors to non-adult behavio r. Sources of evidence regarding
such non-adult behavior will include information about the deve lopmental timecourse for the
particular phenomenon in addition to independent evidence abou t the grammar, the parser and

the child's pragmatic abilities.

Much research suggests that adults, in processing a sentence, e ntertain a number of alterna-
tive readings simultaneously, and use a combination of structur al preferences, lexical frequency,
and discourse information to select from them, although the exac t nature of these interactions
is debated (Frazier and Fodor, 1978; Boland and Blodgett, 2001; Mc Rae, Spivey-knowlton, and
Tanenhaus, 1998). In this paper, we will refer to the generation o f alternatives and the mech-
anisms of selection as the 'parser’, and view the discourse as one s ource of information that
contributes to parsing decisions, but is separate from the parse r. In children, there is evidence
that discourse integration abilities are emerging, and are not ful ly adult-like (Trueswell, Seke-
rina, Hilland, and Logrip, 1999), preliminarily motivating the v iew that, in children, discourse



integration abilities should be viewed separately. With this vi ew in mind, if we observe a behav-
ioral difference between children and adults, we are interested in determining if this difference is
due to inherent processing limitations of the children's lin guistic processing mechanism, or due

to their abilities to determine the linguistic function of co ntextual information.

One class of constructions which has been used to investigate ch ildren's language processing
abilities is scopally ambiguous sentences containing a guanti cat ional NP and negation. These
sentences contain multiple possible interpretations, and are a domain in which children's be-
havior is observed to differ from that of adults’. A long-standin g nding is that children prefer
to interpret sentences with a quantied NP and negation according to their surface scope in-
terpretation, dispreferring interpretations that require cov ert movement (Musolino, Crain and
Thornton, 2000). This observation is called the ‘'isomorphism effect’, and is particularly striking

because, in some cases, children's preference for surface scop e interpretations persists despite

an overwhelming preference for inverse scope in adult usage, and therefore, the child's input.

Given that children appear to differ from adults in this domain, we would like to know how the
isomorphism effect can inform our understanding of the develo ping parser, the developing prag-
matic system and the interactions between them. Although across many experiments, children
fail to obtain inverse scope interpretations, this restrictio n is not absolute. In particularly rich
discourse situations, children can overcome their preferenc es and achieve inverse scope interpre-
tations ((Musolino and Lidz, 2006), (Gualmini, 2004)). In addit ion, in sentences lacking negation,
children appear to behave like adults in their understanding of se ntences involving quanti ca-
tion (Lidz, McMahon, Syrett, Viau, Anggoro, Peterson-Hicks, Sneed, Bunger, Flevaris, Graham,
Grohne, Lee, and Strid, 2004). Both ndings, together, provi de strong evidence that children pos-
sess grammars that permit an adult-like understanding of sentence S containing quanti cation.
However, the exact cause of children's non-adult behavior has not been pinpointed, as previous
studies have focused on the relative contributions of the gramm ar and processing abilities, and
have not investigated the different contributors to processi ng abilities.

It is possible that children's non-adult behavior can be attribut ed to an immature parser (Lidz
and Musolino, 2002). There are different ways in which a child's parser may be immature. One,
while we know that the adult parser is capable of handling multiple r epresentations, children,



who are limited in working memory resources, may be unable to hand le multiple representations

simultaneously (Grodzinsky and Reinhart, 1993). Two, while adul ts maintain the ability to select
(according to probabilistic mechanisms) an interpretation, chi Idren may be restricted in selecting
only the interpretation that mimics the surface structure in sc ope. Three, if acquiring adult-like
interpretations requires revision, it may be the case that childr en lack the resources to perform
this operation. These possibilities, for this paper, will be ¢ onsidered ways in which children's

parsers may differ from adults.

A second point of view claims that children's shortcomings der ive from an inability to integrate
contextual information in an adult-like way (Musolino and Lidz, 20 06). In this domain, there are
also a variety of explanations for why children may exhibit non-adu It behavior. One, children
may be unable to accommodate pragmatic infelicities, as it has been sh own that children are
extremely sensitive to pragmatic manipulations (Gualmini, 2004 ). Two, it may be the case that
children do not have any access to discourse information in their environment, thus resulting
in a failure to use such information in guiding their choice of | inguistic representation. Three,
even if children have access to discourse information, they may n ot know the linguistic function
of this information. Four, if children do recognize the disco urse function of an utterance, chil-
dren may still fail to use this type of information as a trigger to p erform revision of their initial
linguistic analysis, thereby ultimately failing to integrate th e discourse information into their
language processing (Novick, Trueswell, and Thompson-Schill , 2005). Pragmatic and discourse
information, in this paper, will be considered as external to the capability of the parser. We leave
open the question of how these components precisely interact i n adults, but simply note that, at
the conclusion of sentence interpretation, all components are ultimately integrated.

We cannot distinguish between all of the hypotheses we have outl ined above, but we can
distinguish between parsing and discourse factors at the most ge neral level. Differentiating
between these two natural classes would lend insight to underst anding the faculties that the
child brings to the task of understanding language. This paper pre sents an experiment designed
to weigh the impact of these contributing factors to the isomor phism effect.

Previous research has identi ed both the presence and absence of an isomorphism effect
across a wide variety of constructions and developmental timepo ints, suggesting that the iso-



morphism effect has a developmental trajectory that is poorly un derstood. An assumption that

is implicit in most previous studies is that the presence of no n-adult-like behavior represents
the starting point of the developmental trajectory. This, howe ver, is an assumption subject to
empirical investigation. In this paper, we attempt to determine the developmental trajectory of
the isomorphism effect. We test children across a wide age range on sentences containing a
subject universal quanti er and negation, a construction which h as demonstrated a powerful
isomorphism effect (Musolino, Crain, and Thornton, 2000). We nd that although there exists a
time during which children obtain mainly isomorphic interpre tations, this occurs after a period
of adult-like behavior, suggesting that the isomorphism effec t does not inform us about a child's
starting state. Any explanation for the isomorphism effect must account both for why it occurs
and also for why it shows a late onset. Any theory treating the effe ct as due to an inherent
limitation of immature parsers or conversational agents must sure ly be incorrect. We argue that
children have the ability to calculate inverse scope at a very early age, and the isomorphism
effect occurs as a by-product of children's increasing ability to integrate discourse information

in sentence comprehension.

2 Scope Ambiguity and the Isomorphism Effect

Sentences that contain a quanti er and negation yield interpretiv e ambiguity.

(1) Two horses didn't go to the show

(2) Every horse didn't jump over the fence

The sentences in (1) and (2) are scopally ambiguous. For example, ( 2) can mean either none
of the horses jumped (the isomorphic, or surface scope, interpretation) or not every horse jumped
(the non-isomorphic, or inverse scope, interpretation). Ho wever, not all sentences with a quanti-

ed expression and negation are ambiguous.
(3) The detective didn't nd someone

(3) has two potential interpretations: it's not the case that someone was found or someone re-

mained unfound . However, in adult English, only the inverse scope interpretat ion obtains.



While both children and adults prefer the surface scope interpr etation for (1), children show
non-adult behavior with the constructions in (2) and (3). For th ese constructions, children show
a preference for the surface scope interpretation, while adult s prefer the inverse scope interpre-

tation. We will now review the studies that show these ndings.

The adult's preferred interpretation for sentences containin g negation and a universal quan-
ti er in subject position is the inverse scope interpretatio n, but Musolino, Crain and Thornton
(2000), found that ve year olds exclusively access the surface s cope interpretation.

Musolino et al. conducted a study using a Truth Value Judgment T ask (TVJT), in which a story
is acted out with characters, and a puppet attempts to describe what happened in the story. The
child's task is to judge whether the puppet was right or wrong abo ut what happened in the story.
The task is designed so that the truth of the two interpretations of the target sentence differ,
so that the child's judgment can be taken as a re ection of their in terpretation of the target
sentence.

Musolino et al. tested sentences as in (4).
(4) Every horse didn't jump over the fence

Children are presented with a story in which there are three hor ses, and ultimately, two jump
over a fence, and one fails. In this scenario, the inverse scope r eading, not all of the horses jumped
over the fence, is true because one horse failed to make it over the fence. The su rface scope
reading, all of the horses failed to jump over the fence , is false, because two horses succeeded in

jumping the fence.

Musolino et al. found that 0% of 5 year olds and 15% of 6 year olds inte rpreted the target
sentence under the inverse scope interpretation. This contr asts with the adults, who accepted
the inverse scope interpretation 100% of the time. Musolino an d Lidz (2006) replicated this effect

with children aged 5;0-5;11, who accepted the inverse scope in terpretation only 15% of the time.

The observation of isomorphism has also been found in sentences like (5).

(5) Two horses didn't go to the show



Musolino and Lidz (2005) showed that children prefer the surfac e scope interpretation for sen-

tences like (5), but this is uninformative with respect to the observation of isomorphism, because
adults also prefer the surface scope interpretation. Additional ly, it is possible that numbers,
as inde nites, behave differently than other quanti ers (Kraemer, 2000). For this reason, we

primarily focus on constructions like (4).

The observation of isomorphism persists with sentences like (6).

(6) The detective didn't nd someone

Musolino et al. tested sentences like (6) in a scenario where a d etective found some boys who
were hiding, but failed to nd others. The inverse scope inter pretation of (6) is true, because there
exist some boys the detective failed to nd. The surface scope i nterpretation is false, because
it is not true that the detective found no one. Musolino et al. te sted 2 groups of children. The
younger group, aged 3;10-5;2 (mean 4;7), accepted the inverse s cope interpretation 35% of the
time. The older group, aged 5;2-6;6 (mean 5;7), accepted the inv erse scope interpretation 65% of
the time. Adult controls accepted the target sentence 100% of t he time. Musolino et al. conclude
that there exists an isomorphism effect, as younger children mo re frequently reject the inverse
scope interpretation than older children and adults. This resul t is perhaps even more surprising
than the universal quanti er results, as the surface scope interpr etation is unavailable in the

adult grammar.

2.1 The Source of the Effect

The studies we have reviewed show that children refrain from int erpreting scopally ambiguous
sentences with inverse scope interpretations. This leaves op en the question of the source of this
de ciency. These results could derive from a grammatical de ci ency, in which children have not
acquired the grammatical competence to generate inverse scope int erpretations (Musolino et al.,
2000). Alternatively, children could differ from adults in ot her ways, such as with respect to their
their parsers or pragmatic abilities. Multiple experiments have been conducted to show that the

children's shortcomings are not grammatical.

Musolino and Lidz (2006) showed that the preference for isomor phism could be overcome

by demonstrating that when the presence of negation was made more f elicitous in the target



sentence, children more readily accepted the inverse scope in terpretation. Musolino and Lidz
performed a TVJT with stories similar to those in Musolino et al . (2000). However, in these
modi ed stories, all three horses jumped over a log, but only t wo succeed in jumping over the

fence. The target sentence is shown in (7).

(7) Every horse jumped over the log, but every horse didn't jum p over the fence
In this scenario, where the presence of negation is contrastive and therefore more felicitous,
acceptance rates of the inverse scope interpretation rose to 60% , signi cantly higher than the
children in the control condition, who received target sente nces like (4) and accepted the inverse
scope interpretation only 15% of the time. This suggests that ¢ hildren's inability to obtain in-

verse scope cannot be grammatical. Relatedly, Lidz et al. (2004) sho w that sentences requiring

the same grammatical operations, but which lack negation, are interp reted by children in an
adult-like fashion, suggesting that the relevant grammatical oper ations are present in children's
grammars.

Gualmini (2004) nds a similar result; that children can obtain in verse scope under certain
pragmatic situations. However, he suggests that children's adul t-like behavior in certain contexts
re ects the true nature of children's interpretive abilities . In other words, he claims that the
isomorphism effect is an experimental artifact deriving from th e appropriateness of the critical
sentences to the context of presentation. Gualmini noticed th at the goals of the characters in
the stories presented in the Musolino et al. experiments were not consistent across trials. Trials
differed in the degree to which the target sentence was appropri ate for the discourse context
in the experiment, and Gualmini suggested these infelicitous targets gave the illusion of an
isomorphism effect. Gualmini performed a TVJT with the target sentences in (8) and (9), two
sentences which differ in felicity with respect to the same st ory, to systematically test the effects

of felicity on interpretation. These sentences followed a sc enario in which multiple guys hide,

and the re ghter nds some, but misses others.

(8) The re ghter didn't nd some guys

(9) The re ghter didn't miss some guys

The inverse scope interpretations ( there are some guys the re ghter didn't nd for (8) and there

are some guys the re ghter didn't miss for (9)) are both true. Likewise, the surface scope inter-



pretations are both false. However, the two target sentences dif fer in their felicity conditions. In
order for the use of negation to be felicitous, it must be the cas e that, in the story, the character
was attempting to perform an action, but then failed to. In the case o f (8), the felicity conditions
are clear, as it is the case in the story that the re ghter attempted to nd all of the guys, but
could not succeed due to the dif culty of the task. However, th is felicity condition is not met in
(9). That is, it is not the case that the re ghter's goal was to miss the guys, and that he failed.

Therefore, the target sentence in (9) is less felicitous than ( 9) with respect to the story shown.

Gualmini tested 30 children between 4;0 and 5;0 and found that chi Idren accepted (9) only
50% of the time, consistent with the isomorphism effect. How ever, children accepted (8), the
more felicitous target sentence, 90% of the time, meaning the c hildren accessed inverse scope.
Therefore, Gualmini suggests the isomorphism effect is not g rammatical or a result of a different
parser, but a result of children's inability to t a sentence to context that is not pragmatically
aligned.

Gualmini has shown that for quanti ers headed by some, it is possible to reduce the iso-
morphism effect by manipulating the contextual features. Howev er, the same manipulations
reduced, but did not eliminate the isomorphism effect in sent ences with a universal quanti er
phrase in subject position (Musolino and Lidz, 2006). Therefo re, the question remains as to
whether the integration of discourse information can entirely account for the isomorphism ef-
fect. Interestingly, Gualmini tested children nearly a full y ear younger than Musolino & Lidz,
leaving open the possibility that the high rates of acceptance of i nverse scope are a result of age-
related differences. Furthermore, Musolino and Lidz (2006) c laim that the isomorphism effect
stems from dif culties in integrating discourse information , but provide no concrete evidence
that these dif culties do not arise due to limitations in the pars er, as claimed in Lidz and Mu-
solino (2002). That is, children's abilities to obtain the inve rse scope interpretation may have
been a result of discourse information aiding their ability to r evise, or due to overt discourse
information that compensates for their dif culty with integrat ing contextual information. We are
interested in determining whether the isomorphism effect, if it exists as reported in numerous
studies, re ects the starting point of development or whethe r it occurs after a period of adult-like
behavior. If it is the case that the isomorphism effect appears onl y after a period of adult-like be-
havior, then this observation would undermine any account in whi ch isomorphism is a re ection



of immaturity in sentence processing. Gualmini's account, in w hich isomorphism is an artifact

that occurs only when children have dif culty with integrating the proper discourse information,
would also fail, unless younger children are more able to accommod ate infelicity than 5 year
olds. The account by Lidz and Musolino in which children are rest ricted to isomorphism as a
result of an inability to revise fails on similar grounds. If the o bservation holds that 4 year olds
show adult-like behavior, but 5 year olds demonstrate the isomor phism effect, then we must ap-
peal to an account which permits declining overall performance as a product of the maturational
process. We suggest that such data could only be explained by an acc ount in which children ap-
pear to be non-adult-like as a by-product of the process of their developing discourse integration
abilities (Musolino and Lidz, 2006), resulting in a temporary d rop in adult-like performance as

these abilities come online.

3 Current Study

We want to conduct a pragmatically felicitous experiment across a range of ages to determine the
extent of the isomorphism effect. In this experiment, we tes t a construction which contains the
universal quanti er and negation, which has been reported to show a strong isomorphism effect
(Musolino et al. (2000); Lidz and Musolino (2002)). However, t his construction has primarily been
tested in 5 year olds, meaning we need to test a wider age range to de termine when this effect

emerges and if the effects seen by Gualmini are due to age-related e ffects.

3.1 Hypotheses

One hypothesis is that children, either due to cognitive limi tations or the structure of their
parser, are unable to access the inverse scope interpretation exc ept in cases with signi cant
contextual assistance (Lidz and Musolino, 2002). One implement ation of this idea is that children
have great dif culty performing the revision required to access the inverse scope interpretation.
According this hypothesis, there is a genuine isomorphism e ffect, deriving from the dif culty
required in calculating inverse scope. This hypothesis predic ts dif culty with inverse scope at
the earliest possible age, persisting until the child is old en ough to have developed adult-like
parsing resources. According to this hypothesis, there need not be any shortcoming in the

child's discourse integration abilities.



A second hypothesis is that children's parsers are completely ad ult-like, and the isomorphism

effect derives completely from children's inability to accom modate infelicitous experimental con-
ditions (Gualmini, 2004). Accommodation is a speci ¢ instance of failure to integrate discourse
information in an adult-like way. According to this hypothesis, given fair experimental condi-
tions, children will obtain inverse scope at a very early age, and w e expect to nd no isomorphism

effect across children.

A third hypothesis is that children, although they have adult-li ke parsing capabilities, have
dif culty integrating the proper discourse information that w ould yield inverse scope (Musolino
and Lidz, 2006), as has been observed in other domains (Trueswell et al., 1999). The predic-
tions of this view depend on the capabilities of the child. If it is the case that young children
completely ignore discourse information, and children must | earn to incorporate context into
sentence comprehension, then we may expect non-adult behavior early on, increasing to adult-
like performance as discourse capabilities improve. Alternativ ely, if it is the case that children
initially attempt to match the behavior of adults, but must do so by non-adult means (due to
their discourse abilities being incomplete), we may expect U- shaped behavior as their discourse
integration abilities come online. If children initially appear adult-like by using an alternative
mechanism, we may expect a period of non-adult behavior as childre n reanalyze their linguis-
tic analysis. That is, during the period when children are rst in tegrating discourse information
into sentence comprehension, children may experience dif ¢ ulty using that information to decide

between two representations, creating an isomorphism effect.

3.2 Design

We conducted a TVJT, modeled after the universal quanti er exper iment in Musolino et al.
(2000). Musolino et al. report results for 5 and 6 year olds, but G ualmini tested 4 year olds
(although with a different construction). Because we are attemp ting to determine the develop-
mental trajectory of children's interpretations, we require co nsistent data across the 4 and 5 year

old age ranges with a single construction.

We conducted a TVJT, with target sentences similar to the sente nce in (10). The target sentence

followed a story in which three cats attempt to hide behind the s ofa, but only two succeed. The

10



nal scene is shown in Figure (1) *.

(10) Every cat didn't hide behind the sofa

Figure 1: TVJT, nal scene

Each child received 2 warm up stories, 6 targets and two llers. The llers were dynamic,
so that the experimenter could choose either a true or false targ et sentence, depending on the
child's previous responses. This ensured that the child answe red true and false roughly an equal

number of times across the experiment.

Children were tested one at a time in a quiet testing room away from other children. The child
was introduced to the computer, and told how to play the game. The p uppet, a dog, was also
on the computer screen, and gave an introduction before beginni ng the experiment. The entire

session lasted less than 20 minutes.

3.3 Participants

Children were recruited from a preschool at the University of Maryland. There were two groups
of children, four year olds and ve year olds, each group consisti ng of 15 children. One child was
replaced in the design for incorrectly answering both llers. The four year old group ranged from

1The TVJT was conducted on a computer screen, with animated charac ters. To the best of our knowledge, these
stories mimic tasks done with act-out toys, but have the advantag e of requiring only one experimenter. We performed a
within-subjects experiment with 24 children comparing the comput er and live-action TVJTs, and found no difference in
interpretations.

11



4;5-5;2 (mean 4;9) and the ve year old group aged 5;3-5;7 (mean 5;4 ). The ages of these two

groups are statistically signi cant (p <.01). These age groups were chosen to maximally match the

previous studies conducted. Gualmini (2004) tested childre n younger than 5;0, while Musolino
and Lidz (2006) tested children older than 5;0. Futhermore, Mu solino et al. (2000) found an age
difference in their study around the age of 5;2. Therefore, we s elected 5;2 as a separation point,
although we make no claims that critical changes occur at this exact age . Further research must
be done to determine the causes underlying these observed age d ifferences.

Additionally, this study was conducted with a control group of 12 adults from the University
of Maryland. Participants received payment for their participatio n.

3.4 Results

Adults accepted the puppet's statement 76% of the time. This acc eptance rate is lower than is
standardly reported for a TVJT, and we have no explanation for this f act. Performance with llers
across all groups is over 90%, suggesting overall good performan ce on the task.

We found that the four year olds accepted the inverse scope inter pretation 81% of the time. The
four year olds accepted the sentence signi cantly more often th an the ve year olds (t(14)=2.04, p
< .05), but at the same rate as adults. All children were asked for just i cation for thier responses.
All children gave responses consistent with the their true/f alse answers.

The ve year olds accepted the inverse scope interpretation 44% of the time. This is rate is sig-
ni cantly different from the four year olds, and marginally signi cantly different from the adults
(t(25)=2.05, p < .06). The marginal signi cance results from the lower adult rates of acceptance.
The ve year old group contains 7 children who never access the in verse scope interpretation.
This suggests that these children are failing to access the inver se scope interpretation, and the

low acceptance rate is not distributed evenly across children.

3.5 Discussion

Musolino et al. and Musolino and Lidz report low rates of acceptance of the inverse scope

interpretation, with data from 5 year olds. We replicated this i somorphism effect' with 5 year

12



olds with the universal quanti er in subject position. However , we found that the isomorphism
effect holds only in a limited window in language development, and is not an adequate picture of

the starting point of acquisition.

Let's recall the hypotheses and predicted results. If it is the case that children have non-adult
parsers, we expect younger children to behave just like the ve year olds, in being restricted to the
isomorphic interpretation. If it is the case that the isomorphi sm effect is a result of infelicitous
materials, then we too, expect similar rates of acceptance to persi st into the four year olds. If it
is the case that children's development in integrating discour se impacts interpretation, we may

expect to see preferences uctuate over time.

The four year olds accessed inverse scope at the same rates as adults, leading us to conclude
two things. First, because younger children can obtain the inve rse scope interpretation, and pre-
sumably younger children do not have more parsing resources than older children, we conclude
that the isomorphism effect in ve year olds cannot be due to immat urity of the sentence parser,
as claimed in Lidz and Musolino (2002). Although previous resear ch has shown that there is cer-
tainly an effect of felicity on interpretation, in this experim ent, we see interpretation differences
across age, and not as a product of methodology. Therefore, we con clude that the isomorphism
effect does not solely derive from a failure to experimentally meet felicity conditions. Instead,
it appears that children adhere to a U-shaped development in the do main of scope ambiguity
resolution. If it is the case that children are developing the abi lity to integrate discourse infor-
mation into their processing of language, it is possible that eme rging abilities in this area may
temporarily limit their ability to access inverse scope. This r esearch gives further support to the

hypothesis put forth in Musolino and Lidz (2006).

This new evidence comports well with data from frozen-scope | anguages. Goro (2007) has found
that although Japanese adults and ve year olds do not permit inverse scope interpretations in
sentences with multiple quanti cational NPs, four year olds do, s imilar to English-speaking four
year old children. This type of data is clearly incompatible with a hypothesis which states that
children's parsers have extreme dif culty computing inverse scope. Instead, it seems that chil-
dren compute inverse scope, even preferring inverse scope i nterpretations, regardless of evidence

of these interpretations, at very young ages.
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4 Conclusions

Previous research on the acquisition of scope ambiguity present s a fractured view of children's
performance. Using a subject universal quanti er and negation, we replicate the long-standing
'isomorphism effect' with ve year old children. However, we nd that four year olds readily ob-

tain the inverse scope interpretation at adult levels. This ndi ng casts doubt on the hypothesis
that the isomorphism effect is a result of immaturity of the pars er, as it is standardly believed
that one's parsing capacity would not decrease with age. Furthermo re, this nding casts doubt
on the view that the isomorphism effect derives strictly from children’'s dif culty in accommoda-

tion (Gualmini, 2004). It is no doubt that children's interpre tations are determined by a complex
combination of pragmatic information and parsing costs: likely cau sing shifts in preferred inter-

pretations over time.

We suggest that children's parsers are fully adult-like, and that ¢ hildren can process inverse
scope at the earliest testable age. We have suggested that children 's temporary non-adult behav-
ior results from children's emerging abilities to integrate d iscourse information. While younger
children appear adult-like, they may produce this behavior with n on-adult means. As the child
develops adult-like resources for discourse integration, th is process produces a temporary drop
in adult-like performance. This hypothesis leaves open the ques tion of why the integration of
discourse information causes a change in interpretation, and also warrants an investigation of

the differing discourse abilities between 4 and 5 year olds.

Acknowledgments

This research was funded by an NSF grant to the second author (#BCS- 0418309). We would like
to thank all of the subjects at the University of Maryland for partic ipating in these studies. Also,
thanks to all the kids and parents at the CYC who make this research pos sible! We especially
thank Kristin Koch, who created the materials for, and tested all of th e children for, the follow-up

experiment comparing children's interpretations with toys an d computers.

14



References

J. Boland and A. Blodgett. Understanding the constraints on synt actic generation: Lexical bias
and discourse congruency effects on eye movements. Journal of Memory and Language , 45:

391-411, 2001.

L. Frazier and J. Fodor. The sausage machine: a new two-stage parsing model. Cognition , 6:291,
1978.
T. Goro. Language-Speci ¢ Constraints on Scope Interpretation in First Lang uage Acquisition . PhD

thesis, University of Maryland, 2007.

Y. Grodzinsky and T. Reinhart. The innateness of binding and coref erence. Linguistic Inquiry , 29:
69-101, 1993.

A. Gualmini. Some knowledge children don't lack. Linguistics , 42:957-982, 2004.

I. Kraemer. Interpreting Inde nites: an experimental study of children's lang uage comprehension .

PhD thesis, MPI Series in Psycholinguistics, 2000.

J. Lidz and J. Musolino. Children's command of quanti cation. Cognition , 84:113-154, 2002.
J. Lidz, E. McMahon, K. Syrett, J. Viau, F. Anggoro, J. Peterson-H icks, E. Sneed, A. Bunger,
T. Flevaris, A. Graham, K. Grohne, Y. Lee, and J. Strid. Quanti er rai sing in 4-year-olds.

Proceedings of 28th Boston University Conference on Language Develo  pment, pages 340-349,

2004.
K. McRae, M. Spivey-knowlton, and M. Tanenhaus. Modeling the in ue nce of thematic t (and
other constraints) in on-line sentence comprehension. Journal of Memory and Language , 38:

283-312, 1998.

J. Musolino and J. Lidz. On the quanticational status of inde nite s: The view from child

language. Language Acqusition , 2005.

J. Musolino and J. Lidz. Why children aren't universally succes sful with quanti cation. Linguis-
tics, 2006.

J. Musolino, S. Crain, and R. Thornton. Navigating negative quanti c ational space. Linguistics ,
38:1-32, 2000.

15



J. Novick, J. Trueswell, and S. Thompson-Schill. Cognitive ¢ ontrol and parsing: Re-examining
the role of broca's area in sentence comprehension. Journal of Cognitive, Affective, and Behav-

ioral Neuroscience , 5:263-281, 2005.

J. Trueswell, I. Sekerina, N. Hilland, and M. Logrip. The kinder garden-path effect: Studying
online processing in young children. Cognition , 73:89-134, 1999.

16



