ABSTRACT

Title of dissertation: THE ROLE OF VERIFICATION
STRATEGIES IN SEMANTIC
AMBIGUITY RESOLUTION IN
CHILDREN AND ADULTS

Anastasia Marie Conroy

Doctor of Philosophy, 2008

Dissertation directed by: Assoclate Professor Jeffrey Lidz
Department of Linguistics

This dissertation investigates the contributione of the parser and extra-linguistic
information in the selection of a final interpretation of scopally ambiguous strings,
integrating data from both children and adults inte cur understanding of language
processing, Previous research has found an advantage for surface scope interpreta-
tlons in adult sentence processing (Tunstall, 1998; Anderson, 2003) and in children’s
interpretive preferences (Muscline et al,, 2000; Muscline and Lidz, 2008). In light of
these findings, we investigate two central questions. One, what i= the source of the
advantage for surface scope interpretations in adults? Two, what factors contribute
to children’s ultimate adherence to surface scope interpretations? With respect to
the firat question, we show that the source of the advantage for surface scope inter-
pretations cannot be described by a parsing preference, but can be described by the
ease of the verification strategy utilized for the surface scope interpretation. With
respect to the second question, we investigate children’s interpretations of scopally

ambiguous stringe across a range of ages and find that while children appear fixed to



surface scope interpretations during a limited window of development, this fixation
does not hold at the earliest stage of development, demonstrating a U-shaped curve
of development, Additicnally, we find evidence that children’s interpretations do not
vary as afunction of task in an adult-like way, and suggest that these findings must be
explained by a combination of children’s developing parsers and ability to integrate
discourse information. We suggest that the non-adult-like interpretations obzerved in
children derive from an initial parser bias for inverse scope interpretations, followed by
a period in which children hawve adult-like parsers, but lack the the ability to integrate

discourse information as a means to inform the process of ambiguity resclution.



The Role of Veritfication btrategies in
Semantic Ambiguity Resolution

in Children and Adults

by

Anastasia. Marie Conroy

Diszertation submitted to the Faculty of the Graduate School of the
University of Marvland, College Park in partial fulfillment
of the requirements for the degree of

Doctor of Philosophy
2008

Advisory Committes:

Agsociate Professor Jeffrey Lidz, Chair
FProfessor Morbert Hornstein

Professor Paul Plietroski

Azapciate Professor Amy Weinberg
Assoclate Professor Michael [srasl



Contents

1 Introduction

1.1 The Advantage for Surface Scope

1.2 Adults and Surface Scope Interpretations
1.2.1 On Derivations
1.2.2 The Parsing Hypothesis
1.2.3 The Extra-Linguistic Hypothes's

1.3 The Isomorphism Effect in Children
1.3.1 Children’s Grammatical Capabilities
1.3.2 The Child Parsng Hypothesis
1.3.3 The Child Extra-Linguistic Hypothesis

1.4 Gods

2 Investigation of Timecour se of Disambiguation
2.1 OnLF Parsing
2.1.1 Examining Ambiguity Resolution with the IVT
2.1.2 Experiment One: IVT: Universa Quantifier
2.1.3 Experiment Two: IVT: Number
2.1.4 Experiment Three: IVT: Specified Domain

11
11
12
15
18
19
22
25
27
28

37

39

51
55



2.1.5 Experiment Four: IVT: Reverse

2.1.6 Experiment Five: IVT: Written

2.1.7 Experiment Six: IVT: Structura Ambiguity
2.1.8 Experiment Seven: Speeded Forced Choice Task

2.2 Summary

3 Priming

3.1 Turning Adultsinto Children
3.1.1 Experiment Eight: IVT: Preceding Sentence
3.1.2 Experiment Nine: IVT: Prime
3.1.3 Intermediate Conclusions on the IVT

3.2 On the Nature of Priming
3.2.1 Experiment Ten: IVT: TVJT
3.2.2 Experiment Eleven: IVT: Revised Prime

3.2.3 Conclusions on Priming

4 |nterpreting Scope Ambiguity
4.1 Revisiting the Isomorphism Effect in Children
4.1.1 Experiment Twelve: TVJT Reinvestigation
4.1.2 Experiment Thirteen: Presentation Comparison
4.1.3 Conclusions on Children’s Ahilities
4.2 Discourse in Ambiguity Resolution

4.2.1 Experiment Fourteen: Adult TV JT-Sentence Completion

R

75
82

86
87
87
91
95
9%
101
107
111

113
115
117
129
134
135
135



4.2.2 Experiment Fifteen: Pilot Child TVJT-Sentence Completion 142

4.2.3 Experiment Sixteen: Child TV JT -Sentence Completion 145
4.3 Summary of the Isomorphism Effect 149
5 Testing the Parsing Hypothesis 151
5.1 Modeling Inputsto Interpretation 153
5.1.1 The Basic Model 14
5.1.2 Description of the Adult System 158
5.1.3 Experiment Seventeen: Non-biased Reading Experiment 159
5.1.4 Description of the Child’ s System 166
5.1.5 Conclusions 171
5.2 Assumptions about Corpora and Inverse Scope Interpretations 172
5.3 Working Memory 175

5.3.1 Experiment Eighteen: Artificial Language Word Span
Experiment 179

5.3.2 Experiment Nineteen: Artificial Language and Scope

Experiment 183

5.3.3 Experiment Twenty: One Word Load Experiment 186

5.3.4 Conclusions the Parsing Hypothesis 189

6 Verification 192
6.1 On Verification Procedures 193
6.2 Extended to Scope Ambiguities 197

6.3 The Exigtentia Verification Procedure 201

iv



6.4 Reflecting on Our Previous Findings
6.4.1 S-Structure vs. LF Ambigutity
6.4.2 On Previous Results
6.4.3 IVT: Number
6.4.4 Priming
6.4.5 On Children

6.5 Conclusions on Verification

7 Conclusions

202
203
203
205
209
212
213

215



Chapter 1

Introduction

[n this dissertation, we investigate the dewvelopmental trajectory of semantic ambi-
guity resclution as a means of understanding how the human sentence processing
mechanism extracts a semantic representation from a surface string. We take the
view that investlgating data from children and adulte in tandem 1= cruclal for a com-
plete description of the mechaniems involved in interpreting a string, with each type
of data illuminating the understanding of the other. A long standing finding is that
children are non-adult-like in the domaln of semantic ambiguity resclution. We show
that this finding about children i= no longer mystericus when taken in conjunction
with a nowvel investigation of adult processing of semantically ambiguous strings. Mot
only does adult data illuminate cur understanding of children, we also show that com-
peting hypotheses concerning adult parsing can only be distinguished by integrating
data from child parsing. Therefore, in studying children and adults together, we axe
able to provide a complete picture of the procedurss that underlie semantic parsing.
This complete plcture requires the identification of the various factors that contribute
to interpretation (including parser blases, discourse information, task-related effects
and the way in which speakers verify interpretations). We identify the contribution

of these wvarious factors to final interpretation by viewing experimental data owver a



range of age oroupe and over a wvariety of tasks., The identification of the contribu-
tion of these waricus factors to final interpretation allows us to construct a model of
semantic parsing that can be applied to a wide range of phenomenon and describe
developmental patterns in interpretation. Specifically, we find that the previously
observed non-adult-like behawior in children can be described by a parser that differs
from that of adults. In the domain of adult semantic ambiguity resclution, we find
that preferences in ambiguity resclution can be described by appealing to adults’ pre-
ferred werification strategies, a nowel view that alleviates the need to attribute these

preferences solely to the parser.

The study of the human sentence processing mechanizm (the parser) is not a new
endeawvor. However, the study of the parser has focused on the processes underlying
the building of surface-structure representations (Bewver, 1970; Kimball, 1973; Frazier
and Fodor, 1978; Crain and Steedman, 1985; Clifton and Ferreira, 1989), and not
the processes underlving the building of interpretations. Strings that are locally

syntactically ambiguous, such as (1), are used az a probe into this process.
(1) The rugby player undressed on the try line was injured

At the point of hearing the #ry line, the string is ambigucous. Undressed could either
be a simple past tense wverb, or head a reduced relative clause (which the listener
dizcovers i= the correct analyeiz upon encountering was énjured). Listeners experience
difficulty at encountering was énjured { Bever, 1970), suggesting that they pursued the
past tense analveis of undrassed, the most frequent analyeis of the lexical item. This
obeervation suggests that the parser initiallv selects an interpretation before having
the information required to conclusively determine the correct analvsis. This finding
initiated a line of research into what types of information are used by the parser, both
in the generation and selection of alternative surface-structure analyses, and along

what timecourse this information is used. Determining which analvees are under



consideration and what information iz utilized choosing the appropriate analyeis is
crucial for understanding how the parser iz structured, and has been the focus of the
past 30 years of research on the building of surface-structure representations (Sturt

et al., 2000},

The intense study of the construction of s{urface)-structure representations has
viewed the assigning of an interpretation as a trivial outcome of the process that
resulte in an sstructure representation. This wiew has obscured the observation
that building an interpretation may consist of parsing procedures just az complicated
a2 building an s-structure representation. That iz, even though strings containing a-
structure ambiguities result in two possible interpretations, it should not be concluded
that the stepe inwveolved in building these representations fully represent the complexity
of the steps involved in building semantic interpretations. Let us go through an
example. S-structure ambiguities can be globally ambiguous (that is, have multiple
interpretations at the conclusion of the utterance, different from the example in (1)),

as in the case of PP attachment ambiguity, as shown in (2).
(2) The rugby player hit the fan with the ball

n (2}, udth the ball could modify either the fan (as in (3)) or hét (as in (4)), creating

an sstructure ambiguity.

the rughy player /\
hit /\

(3) the fan with the ball



[P

the rughy player VP

N

VP PP

a

(4) hit the fan with the ball

This globally ambiguous string has two interpretations, but each of these interpre
tations corresponds to a unigue s-structure representation. From previcus research
on sstructure ambiguity resclution, one may conclude that there exists a one-to-one
correspondence between the s-structure and semantic representations, as sentences
like (2) hawve one interpretation per s-structure representation. However, interpretar
tions need not be in one-to-one correspondence to sstructure representations. For
example, a sentence like (5] has one setructure representation (as shown in (6)), but

vields two interpretations.t

(5) FEwery rughy player kissed an adoring fan

Here, we are assuming a GB-style framework in which sementic smbiguity derives from covert
movement, presupposing two distinck lewels of representation. This is not be the case in frameworks
where the syntax and ssmantics sre more clossly sligned, s= in Cabegorial Grammer (Steedmean,
2001). The suthor considers the proper theorstical analysis to be an open question. If it is the caas
that only one abstract representation is construcked (playing the role of both s-structure and logical
form in GE theories), then one would expect there to be no difference in the parsing procedures
utilized for resolving s-struckure and ssmantic ambiguities. Alternatively, if it is the case thak thers
exist differenees in how adulks resolvwe s-structure and ssmmantic ambiguities, then we meay wank Lhis
difference to epist in our representational theory, Although we cannot conclusively determine with
thiz resesrch which iz the ease, it i the anther’s hope that dats from procsssing may differentiate
between these two bypes of frameworks. The first step in determining the snswer to this question
iz ko inwestizgate the edstence of processing differences for sstructure and sementic sombignities.
Therefore, in this work, we will utilize & frameweork that melkes this representakionsl eut, although

thiz may nlbimakely not be the proper representational theory



[P
every rughby player VF

() kissed an adoring fan

(5) can mean either: there is one fan that all rubgy players kissed or each rugby
plager kissed hiz omwn fan. Therefore, it cannot be the case that building an sstructure
reprecentation i= sufficient to arrive at an interpretation of a string. A speaker must
also build a semantic representation. Previous research on sentence processing is
gilent. with respect to the issue of constructing a semantic representation, because
only strings with one interpretation per s-structure representation hawve been investi-
gated {exceptions to this include Tunstall {1998) and Anderson {2003)). However, a
complete model of the parser necessitates understanding all stages of sentence process-
ing, including the information required by the parser for the generation and selection

of semantic representations.

In this dissertation, we ocpen investigation into the study of how the parser obtains
a semantic interpretation. We center our inwestigation on the process of coordinating
a semantic representation and a phonelogical string, to ask about the nature of this
process with reepect to the parser. In an analog to the imvestigations that hawe
taken place in the s-structure parsing literature, we want to determine what types
of information are utilized in the initial selection of a semantic analysis. Strings
that permit multiple interpretations, such as scopally ambigucus sentences, are an
ideal area of investigation, because identifying how the parser selects from multiple
awvailable analyees, such as viewing the relative advantage of one interpretation over
another available interpretation of the string, gives insight into the procedures utilized
by the parser. From data concerning the processing of strings like (1), researchers were

able to infer that the parser takes frequency information into account in the initial



selection of an sstructure representation. Similarly, we can a=k what information is
utilized in the initial selection of an interpretation. In this dissertation, we will center
our focus on one type of semantic ambiguity, the scopal ambiguity that occurs when
a string containg a quantifier that can be interpreted in a wariety of positions. This
tvpe of ambiguity will lend insight into the process of semantic ambiguity resolution
more generally. As a case in point, consider a string such as (7), which contains a

subject universal quantifier and negation.
(71 Ewery rughy player can’t change the rules to suit him®

(7) i= ambiguous and can mean either: none of the players can change the rules (the
surface scope interpretation) or not all of the players can change the rules (the inverse
scope interpretation), as noted by Jackendoff (1972) and Horn (1989), among others.
The domain of semantic ambiguity resclution is in its infancy, but two findings hawve
emerged, First, it has beenshown that adults initially aseign surface scope interpreta-
tlons to scopally ambiguous strings {containing two quantifiers), even in cases where
the adults ultimately revize to obtain inwerse scope interpretations (Tunstall, 1998
Anderson, 2003). Second, preschocl-aged children appear to prefer surface scope in-
terpretations of scopally ambiguous strings, even in situations where adults obtain
solely inverse scope interpretations (Muscline et al., 2000; Muscline and Lidz, 2008).
Together, these findings suggest that at some level, surface scope interpretations are
gasier to access than inverse scope interpretations, and it has besn claimed that this
ease 15 the result of a parser preference specific to the resclution of scope ambiguity
In the investigation of how the parser operates, these findinge ralze two questions
that are the focus of investigation for this dissertation. First, what iz the source
of the advantage for surface scope interpretations for adulte? Second, what factors

account for children’s non-adult-like adherence to surface scope interpretations? We
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pursue the hypotheses that these tweo findings are related, in an attempt to elaborate

a unified view of the parser.

With respect to both children and adults, there exist two hypotheses regarding the
source of the advantage for surface scope interpretations. It may be the case that
the advantage derives from decisions made by the parser, as a result of the structure
of the sentence processing mechanizm. Alternatively, the advantage for surface scope
interpretations may be the result of preferences external to the parser. We will cutline

these hypotheses in detail for both age groupe below.

With respect to the advantage for surface scope interpretations in adults, we con-
sider two hyvpotheses: the parsing hypothesis and the extra-linguistic hypothesis.
Firat, it may be the caze that surface scope interpretations are preferred by the parser
(Lidz and Muscline, 2002; Anderson, 2003). This hypothesis posits that the parser
either generates only one interpretation of scopally ambiguous sentences, or that the
parser generates multiple interpretations, and selects the surface scope interpretation
as the most likely analyeis. Second, it mawv be the case that the obeerved preference
for surface scope interpretations derives from extra-linguistic factors, external to the
parser. Por example, if one interpretation is easier to verify than the second interpre
tation, then it may be preferentially selected. This hypothesis posite that the parser
generates multiple interpretations, and that these interpretations carry no inherent
bias assoclated with them. Information that = external to parsing declsions would

then select from among these alternatives.

Becall that, at the most general lewvel, we are interested in determining whether
there exizte an independent level of semantic parsing. Determining whether the ad-
vantage for surface scope interpretations s a result of the way the parser operates

is a first step into determining the nature of semantic parsing. This determination



ie a key component to identifying whether the parser treats setructure and seman-
tice as independent lewels of representation. [f we dizcover that there exist parsing
preferences specific to semantic ambiguity resolution, then we can ask whether these

preferences differ in kind from the parsing procedures that guide s-structure parsing.

Unfortunately, it i= impossible to peer inside a speaker’s head and identify the
processes underlying the parsing of a string. Comprehending a sentence is a peyvcho-
logically complex task; not only requiring the identification of an interpretation for the
sentence, but alzo utilizing working memory resources and verifying an interpretation
against the information awailable in the real world. Therefore, to identify whether an
observed effect iz a result of parsing preferences, we must investigate the contribution
of working memory and verification strategiss in the sentence comprehension process.
Only once the relative contributions of these factors hawe been identified can we make
inferences about the contribution of the parser to interpretation. In this work, we
investigate these components together as a way of determining the mechanisms that

must be attributed to the building of interpretations from strings.

With respect to the advantage for surface scope interpretations in children, MMu-
golino and Lidz (2008) showed that children’s deficit in accessing inverse scope inter-
pretations is not a result of & non-adult-like grammar. With the ald of rich discourse
information, children can access inverse scope interpretations, suggesting that the rep-
resentations that produce these interpretations are not abeent from thelr grammars.
This finding eliminates diverging grammars as a source of the difference between chil-
dren and adults, but leaves undetermined the source of this difference. Similar to
the adults, there are two hypotheses regarding the scurce of children’s non-adult-like
behavior: the parsing hypothesis and the extra-linguistic hypothesis. Firet, it may be

the case that children hawve immature parsers (Lidz and Musoline, 2002; Muscline and



Lidz, 2005}, Second, it may be the caze that children’s adherence to surface scope in-
terpretations are a result of immature discourse integration abilities {Gualmini, 2004,
Musoline and Lidz, 2008). Determining the source of the children’s adherence to
surface scope interpretations is important not only for understanding how child sen-
tence processing occurs, but to understand the parser more generally. Child sentence
processors develop into adult processors of language, so information about develop-
mental trajectory is crucial to identifying how the parser operates. Therefore, the
starting point of language processing must be taken into consideration in the dewel-
opment of a complete picture of the parser. In this dissertation, we consider not
only ‘parser-external’ factors such as working memory and wverification strategies in
adults for insight into the parser, but we also consider the developmental trajectory
of children’s interpretations, as an indication of the structure of their parsers, so that
we may make inferences about the procedures that must be necessarily attributed to

the sentence processing mechanism.

Before delving into the details, let us cutline cur assumptions and define cur terme.
With respect to the reprecentations involved, we will be assuming a Generative Gram-
mar semantics, 2= in Heim and Kratzer (1998). That is, an s-structure representation
ie constructed based on the surface string, and from this sstructure tree, there exists
another syntactic level of representation entitled ‘Logical Form’, or *LE'. This Logi-
cal Form is interpreted by the semantic component, and the resulting representation
will be referred to as ‘logical form’. We will use the word finterpretation’ to mean
a logical form. We do not intend for these divisions to necessarily make any claims
about processing, but this i=s the backdrop we will assume in service of the broader
attempt to determine whether these representational levels hase pevchological reality.,
The term ‘inversze scope’ refers to a logical form in which the quantifier that is in a

c-commanding position in the s-structure takes narrow scope. The term makes no



pevchological claims concerning movement or inversion.

Mowr let us cutline cur assumptions concerning the parser. The parser is the culmi-
nation of processes responesible for sentence comprehension. PFor example, the parser
can make predictions about upcoming information, such as in the case of garden path
sentences, or it can utilize frequency information to select an analysis. I[n this dis-
sertation, we will not focus on the internal structure of the parser. That iz, there is
much debate surrounding how many alternatives are generated, and how alternatives
are selected (see Pickering and wanGompel, 2008, for a review) We will focus on
the cutput of the initial stages of the parser. Specifically, in this work, we investi-
gate the role of biases in the parser (that is, differential generation or selection of
an alternative), as compared to other types of information sources external to the
parser. We will refer to the process of building an s-structure as ‘s-structure parsing’
We will refer to the process of building an LF as ‘L{cgical) F{orm) parsing’. Mote,
however, that there iz a one-to-one correspondence between LFe and logical forms, a0
therefore, building an LF i= identical to the construction of a logical form. Therefore,
the term ‘LF parsing’ actually encapsulates both of these processes. We will use the
term ‘extra-linguistic information’ to include any type of information that i= external
to the parser. This may include the goals and desires of the individuals inwvolved in
the speech act, the events that lead up to an utterance and memary constrainte. This
tvpe of information can be divided into two parte: situation and discourse. Here, we
will use the term ‘situation® to refer to any information awailable in the visual scene.
This may be information in the real world, or information awvailable in an experimen-
tal task. We will use the term ‘discourse information’ to refer to information about

the speaker’s intentions and geals and any other pragmatic information.
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Mowr let us turn to a review of research that demonstrates an advantage for surface

scope interpretations in the process of LB ambiguity resclution.

1.1 The Advantage for Surface Scope

Strings that contaln a subject universal quantifier and negation, such as (8) (repeated

from (7)), vield interpretive ambiguity.
(8) FEwery rughby player can’t change the rules to suit him

Strings containing two quantifiers, such as (9), also give rise to ambiguity, but we
focus on the construction shewn in (8) because of the abundance of rezearch awvailable

on children’s interpretations of these sentences.
(9)  Ewery rugby player loves an Australian actress

There are two central cbeervations in the domain of the processing of scope ambigu-
ity. One, adults (albeit in zentences with two quantifiers, as in (9)) initially adhere
to the surface scope interpretation of a scopally ambiguous string (Tunstall, 1998;
Anderson, 2003). Two, five-year-old children ultimately appear fixed to the surface
scope interpretation of scopally ambiguous sentences (MMusclino et al, 2000). At
an extremely coarse level, it appears that children adhere to the interpretation that
adults initially entertain, suggesting that children are resistant abandon this preferred
interpretation. Before we cutline the findings of this dissertation, let us firet review

the previcus literature from the adult and child reseaxch.

1.2 Adults and Surface Scope Interpretations

Anderson (2003) used a self-paced reading tazk to investigate scopally ambiguous

sentences containing ewery and g, as shown in (10].

11



(10}  Ewery climber zcaled a cliff

The string in (10) has two interpretations: either ewery climber scaled his own moun-
tain, as shown in (11) (the surface scope interpretation), or there is ome mountain,

sich that every climber scaled #, as shown in (12) (the inverse scope interpretation).

(11} Ver[cliffiz) — Fy[climber(y) Vv scaled(y, )]]

(12) 3Izfclimber(z) A Vylcliff{y) — scaled(z, y]]]

Anderson found that, even when the discourse i= biased in favor of the inverse scope
interpretation, adults incurred an increased processing cost for obtaining the inverze
scope interpretation of strings like (10). She additionally found the same effect for

sentences like (13}, which is similarly ambiguous.
(13) A climber scaled every mountain

[Under the assumption that this finding reflects a general preference for surface scope
interpretations in the online processing of quantificationally ambiguous strings, then
these findings suggest that there i= an initial advantage for surface scope interpreta-

tions,

The firat goal of this dissertation iz to determine the source of the advantage for
surface scope interpretations in adults. We begin by outlining cur theoretical as-
sumptions concerning scope ambiguity, Then, we cutline two proposals regarding the

advantage for surface scope interpretations in adults,

1.2.1 On Derivations

Theoretical analyv=es for inverse scope interpretations fall into tweo classes: those that
posit that accessing the inverse scope interpretation requires an additional step in

the syntactic derivation, as compared to the surface scope interpretation (Heim and

12



Kratzer, 1998; Fox, 2000}, and those that do not pesit any additional stepe of the
derivation for either interpretation {Hornstein, 1995; Steedman, 2001}, In thiz dis-
sertation, we investigate the contributions of the parser and discourse information in
the zelection of a final interpretation, and so we abstract away from the particular
derivations which wvield scope ambiguity, [t is certainly the case that some accounts
of processing scopally ambiguous etrings will require the usage of theoretical accounts
which posit an additional derivational step for the inverse scope interpretation, but
we will show that these accounts can be translated to be based on other frameworks.
Therefore, the choice of framework does not restrict us, here. We will briefly cutline

one account of scope ambiguity, propesed by Fox (2000), for purposes of exp ceition.

Fox's account of scope, like many other accounts, utilizes a lewvel of representation
called LF, a syntactic reprecentation which feeds logical form.

(14) Ewery player didn’t score

(14) has the s-structure representation in (15), where the subject has moved from ite
VP internal position to a case position.

[P
Ervery player; MNegP
didn’t VP

bV

(15) score

Two logical forms can be derived from (15): either (18a) (none of the players
scored, the surface scope interpretation) or {16b) (net every player scored, the inverse

scope interpretation).

13



(16)  a. Wrlplayer(z) — —seore(z)]

b. Wrz[player(z) — score(z)]

The LF for the surface scope interpretation of (14) can be directly obtained from
(15), as shown in (17) (Heim and Kratzer, 1998).

[P, =t=

TN

every player; e, b=

A

1 MNegP, «<t=

N

not VP, <t=

bt VY, et

(17) score

Under Fox's account, the inverse scope interpretation of (15) is derived via an op-
eration called ‘Quantifier Lowering'. In this caze, every playerlowers to be interpreted
in ite VP-internal base position, 2= in (18).

[P, =t=

TN

every playerr MNegP, <tz
not VP, <t=
every player; V', <et=
(18) soore

In this case, inverse scope interpretations require one extra step of the derivation

ower what is required to obtain the surface scope interpretation.®

"ot ewery account daims that inverss scope interpretations require additional steps in the deri w-

tion. Hornstein (1885), for independent ressons, sbbempts to sliminate covert operations sudh as

14



We now turn to two hypotheses regarding the source of the advantage for surface
scope interpretatione with respect to the selection of a final interpretation. One
propozal suggests that the surface scope interpretation Is a parsing default {Anderzon,
2003; Tunstall, 1998; Lidz and Muscline, 2002; Muscline and Lidz, 2005). The second

proposal suggests that surface scope interpretations gain an adwvantage due to extra-

linguistic factozrs.

1.2.2 The Parsing Hypotheszis

The parsing hypothesizs claims that the parser defaults to surface scope interpreta-
tions, and incure an increased cost in accessing inwverse scope interpretations. There
are many ways that the initial preference for surface scope interpretations can be
specified (even internal to the parsing hypothesis), but we restrict curselves to ocut-

lining two: derivational complexity and PF/LF alignment. For the remainder of

Cuantifier Redzsing snd Lowering Instesd of movernents for QR ressons, copies are made for cass
chedting ressons. Scope wmbiguity arizss becauss there are nmltiple copies of the subject NP awmdl-

able, a3 shown in (1), For interpretation, one can inkerpret either the higher or lower copy.

every player !

(1] SCore

If the higher copy iz nterpreted, the surface scope interpretation obtains. Alternatively, if the
lower copy 13 inkerprebed, the mverse scope inkerpretation obtans Hewewver, thiz snalysis may only
hold of weak quantifiers [Dissing, 1992, so it is undesr if this analyas extends to the construction

we Investigake, here,

15



the dissertation, we will abetract awsay from the specific instantiation of the parsing

hypothesis, but we outline the possibilities here for concreteness,

[t may be the case that the parser prefers lese complex derivations. Anderson

proposed a principle of Processing Scope Economy, as stated in (19) (Anderson, 2003,

pg. 63).

(19} The human sentence processing mechanism prefers to compute a scope config-
uration with the simplest syntactic representation {or derivation). Computing

a more complex configuration i= possible, but incurs a processing cost.

Surface scope interpretations gain an advantage over inverse scope interpretations
because their derivations are less complex, and therefore, are simpler for the parser to
obtain. Assume that the derivation for the LF that vields the surface scope interpre
tation contains steps < €,, 4., 4 .. .d, =. Becall that the LF that yields the inverse
scope interpretation requires an additional step (quantifier lowering) to be entered
into the derivation, d.y. The principle of Processing Scope Economy posite that the
parser prefers the LB that vields the surface scope interpretation because its deriva-
tion contains fewer steps than the LB that vields the inwverse scope interpretation.
According to this hypothesis, the parser has a bias for surface acope interpretations,
which i= due to the fact that only the simplest derivations are generated. Although
we will abstract away from much of the debate surrounding the generation ve. selec-
tion of alternative interpretations, we will cutline our assumptions on the issue when

required for exposition.

[t need not be the case that the parsing hypothesis references derivations. An
intuitive formulation of a parsing preference for surface scope interpretations is that
the parser prefers string /LF pairs where a quantifier which is c-commanding at surface

structure takes wide scope {J. Lidz, personal communication). [t is possible that the
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bias to interpret quantifiers in thelr surface structure position & a ehort-cut taken by
the parser. Let us assume that the parser builds an s-structure representation and
an interpretation simultaneocusly, This 1= a plausible azssumption, in light of speakers’
apparent ability to comprehend speech continuously and in real time. Consider an

unambiguous string, such as (20].
(200  Ewery rugby player has their worst refereeing moment?

At the point of encountering every ragby plager, the parser posits that the subject MNP
belongs in the [Spec, IP] (because this s the case position for the MNP in the surface
structure reprezentation. Presumably, the parser also posite a trace of movement in
the VP-internal position. However, because most sentences are unambiguous, this
VP-internal trace will rarely be required for scope interpretation (this position will
be required for transmission of the theta role, but this i= independent from scope
assignment). Therefore, the parser can make a fairly accurate prediction that upon
encountering a guantified subject MP, that NP belongs in [Spec, [P] at LF, and
therefore, the quantifier will take wide scope in ite logical form interpretation. In the
case where the sentence contains negation or another quantifier, the parser will hawve
already given the universal quantifier in subject position wide scope. This yields an
advantage for surface scope interpretations. The cost of thisshort-cut is the cccasional

revision required to obtain inwverse scope interpretations.

In crder for the PF/LF alignment hypothesis to account for the preference for sur-
face scope interpretations with the subject universal quantifier and negation, it must
be the case that the subject quantifier is interpreted before negation = encountered.
Otherwize, there would be no explanation for the advantage for surface scope inter-

pretations. We should hope to find independent evidence that interpretation cccurs

Shttp: [ faport. gusrdian . co. uk/ colummists, story, /0, 1431853 00 html
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on this timescale,

For the remainder of the dissertation, we will abetract away from these two detailed
formulations of the parsing hyvpothesis, and consider more generally the hyvpothesis
that the advantage for surface scope interpretations ie the result of a parsing prefer-
ence, Let us now turn to the competing hvpothesis with regards to the surface scope

advantage.

1.2.5 The Extra-Linguistic Hypotheszis

The extra-linguistic hypothesis claims that surface scope interpretations galn an ad-
vantage over inverse scope interpretations for extra-linguistic reascns, that is, for
reasons external to the parser. This hypothesis posite that both interpretations are
made equally available by the parser, and that extra-linguistic forces are responsible
for the apparent preferred status of surface scope interpretations.” As with the parsing
hypothesis, the detailed formulation of the extra-linguistic hypothesls = not crucial to
us here, but we will cutline a poesible account for concreteness, As an example formu-
laticn of this hypothesis, it may be the case that surface scope interpretations gain an
advantage due to pevchological factore. If one adheres to Johnson-Laird's theory of
mental models, then each time a sentence is heard, a mental model, a representation
of the individuals present and events and relations betwesn those individuals, = built
(Johnson-Laird, 1975). In an attempt to represent a string like (21}, it is intuitively
gasier to hold a model of n shirtless players than it i= a model where the division

between the number of shirtless and shirted players = unspecified.

"We are presenting the parssr snd extra-linguistic hypotheses =z discrete hypothesss, but thess
hypothesss fall on & contimmm. Ik may be the case that there is o parsing biss for surface scope
interpretakions, but thak extra-lmmistic factors ack bo strengthen this biss We simplify here until
further detail is required.
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(21) Ewery rugby player wasn't wearing a shirt

In this way, the ease of model building may lend an advantage to surface scope
interpretations. Alternatively, if one adheres to mental logics (Braine and O'Brien,
1998), then the logical form for the surface scope interpretation may be easier to
compute than that for the inverse scope interpretation. Under an extra-linguistic
hypothesis, both interpretations of a scopally ambiguous string are awvallable, and in

the absence of decisive discourse information, the easlest interpretation to modsl will

be selected by default,

A crucial piece of information for differentiating between the parsing and extra-
linguistic hypotheses is determining along what timecourse the surface scope inter-
pretation gains an advantage. Let us now turn to a review of the findings with respect

to the surface scope adwvantage in children.

1.3 The Isomorphism Effect in Children

Hecall that we roughly cutlined the meotivation for investigating the adwantage for
surface scope interpretations in children and adulte as a unary phenomencn. Given
that children are limited in language processing with respect to adults, it is a likely
hypothesis that children’s adherence to surface scope interpretations reflects the same
difficulties that adults experience in a temporal fashion. For scopally ambiguous
strings contalning negation and a universal quantifier in subject position, as in (23],
adulte prefer the inverse scope interpretation, med every American is such that #hey

Enow about Josem Taylor

(22} Ewery American doesn’t know about Jason Taylor
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The evidence for this preference comes from asking adults what these sentences
mean (Muscline et al, 2000) and obeervations from infermal corpus data regarding

the usage of theze types of sentences (Muscline and Lidz, 2008).

Muscline et al. (2000}, found that five year olds, in contrast to adults, exclu-
sively access the surface scope interpretation for sentences like {22). Muscling et al.
conducted a study using a Truth Value Judgment Task (TVJIT). In a TVIT, the ex-
perimenter acts out a story using characters, and a puppet (a second experimenter),
attempts to describe what happened in the story by uttering an ambiguous target
sentence. The child’s task iz to judge whether the puppet was right or wrong about
what happened in the story. The task is designed =so that one interpretation of the
target sentence, with respect to the scenarie, iz true, while the second interpretation
iz false. The researcher can infer, by using the child’s true/false judgment, which

interpretation the child obtained for the target zentence.

An example sentence from Muscling et al. = shown in (23).
(23) Ewery horse didn’t jump over the fence

iZhildren are presented with a story in which there are three horses, and ultimately,

two jump over a fence, and one fails, as depicted in Figure (1.1).

[n this scenaric, the inverse scope interpretation of (23), mnet all of the horses
Jumped over the fence, 1= true because one horse failed to make it over the fence. The
surface scope interpretation, all of the horses failed to fump over the fence, i= false

because two horses succeeded in jumping the fence® The assumption i that, if the

®In thess stories, the story opens with the thres horses considering jumping ower & rock. This
2=tz up the pogaibility that none of the horses would jump ower the fenes, making the false answer
felicitous, a= in Crain and Thomton (1398) This requirement iz followed for all TWITs discussed
in this thesis.
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Figure 1.1: Final scene from Musoline et al. {2000)

children can access the inverse scope interpretation, they will say ‘true’, becanse it i=
true that net all of the horses jumped ower the fence, However, if children can only
access the surface scope interpretation, they will think that (23) can only mean none

of the horses jumped over the femce, and will say falze’.

Muscling et al. found that 0% of 5 year olds and 15% of € wyear olds interpreted
the target sentence under the inverse scope interpretation, labelling this finding the
‘Cbservation of Isomorphism’ (alsc referred to as the ‘lsomorphism effect’). The
children’s responses contrasted with the adults’, who accepted the target sentence
100% of the time. Muscline and Lidz (2008) replicated this effect with children aged

5:0-5:11, who accessed the inverse scope interpretation only 15% of the time.”

The observation of isomorphism persiste with sentences like (24}, even though (24)

can only be interpreted with the inverse scope interpretation for adults.

It is important to note that, although high scosptance rates of the inverse scope inkerpretation
are consistent with adults’ obesrved preference for inwerse scope inkerpretations, these daka canneot
be btalim as additional evidence for such a preference The TWVIT was designed bo best the asmilability

of readings, and iz not an indicator of preferances.
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(24) The detective didn’t find someone

Musoline et al. tested sentences like (24 in a scenaric where a detective found some
bovs who were hiding, but failed to find others. The inverse scope interpretation of
(24) &= true, because there exist some boys the defective failed to find. The surface
scope interpretation is false, because it is not true that #he defectiee found ne one,
Muscline et al. tested 2 groups of children. The younger group, aged 3;10-5;2 ({mean
4:7), accepted the target sentence, cbtalning the inverse scope interpretation, 35% of
the time. The older group, aged 5;2-6;8 (mean 5;7), accepted the target sentence 85%
of the time. Adult controls accepted the target sentence 100% of the time. [t appears
that with (24), the obeervation of isomoprhism heolds, as younger children obtain the

inverse scope interpretation less readily than clder children and adults.

1.5.1 Children'’s Grammatical Capabilities

These studies show that children refrain from interpreting scopally ambiguous strings
with inverse scope interpretations, but do not conclusively determine the source of
this difference in interpretive abilities from adults. In principle, these results could
derive from a grammatical deficiency, in which children haswve not acquired the gram-
matical competence to generate inverse scope interpretations (Musolino et al.,, 20007,
Alternatively, children could differ from adults in other ways, such as with respect to
their parsing or pragmatic abilities {MMuscline and Lidz, 2008). Multiple experiments

show that the children's shortcomings are not grammatical.

Muscline and Lidz (2008) showed that children’s preference for surface scope in-
terpretations in strings with a universal quantifier and negation erodes under certain
pragmatic conditions, They demonstrated that when the presence of negation was

made more felicitous in the target sentence, children more readily accessed the inverse
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scope interpretation. Muscline and Lidz performed a TVIT with stories aimilar to
those in Muscline et al. (2000}, However, in these modified stories, all three horses
jumped over a log, but only two succeed In jumping ower the fence, as depicted in

Figure (1.2). An example target sentence is shown in (25).

Figure 1.2: Final scene from Muscline and Lidz (2008)

(25) Ewery horse jumped owver the log, but every horse didn’t jump over the fence

In this scenario, where the presence of negation iz more felicitous, acceptance rates
of the target sentence roze to 0%, significantly higher than the children in the control
condition, who received target sentences like (23) and accessed the inwverse scope
interpretation only 15% of the time. This suggests that children’s apparent inability
to access inverse scope interpretations cannot be grammatical. Relatedly, Lids et al.
(2004) showed that sentences requiring the same grammatical operations, but which
lack negation, are interpreted by children in an adult-like manner, suggesting that

the relevant grammatical operations are present in children’s grammars.

Gualmini {2004) finds a similar result; that children can obtain inverse scope inter-
pretations in felicitous pragmatic situations., He claims that the isomorphism effect
iz an experimental artifact deriving from the appropriateness of the target sentences
with respect to the experimental situation. [t i= assumed that the use of negation is

only felicitous if that negation contrasts with an implicit geal in the story that did not
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oceur. The trials that tested the existential quantifier and negation in the Muscling
et al. experiment differed in the degree to which the target sentence satisfied this
felicity condition. Gualmini suggested that these infelicitous target sentences gawe
the illusion that children prefer surface scope interpretations. Gualmini performed
a TVIT with two types of target sentences, exemplified in (26) and {27). These
two types of sentences differ in felicity with respect to the same story, allowing the
svetematic testing of the effects of felicity on interpretation. These target sentences
followed a scenaric in which multiple guws hide, and the firefichter finds some, but

misses others,

(26) The firefighter didn’t find some guys

(27) The firefichter didn’t miss some guys

The inverse scope interpretations (there are some guys the firefighter didnt find for
(26) and there are some guys the firefighter didn’t miss for (27)) are both true. Like
wise, the surface scope interpretations are both false. Howewver, the two target sen-
tences differ in their felicity conditions. In order for the use of negation to be felicitous,
it. must be the case that, in the story, the firefichter was attempting to perform an
action, but then failed to. In the case of (26), the felicity condition & clearly met, as
it. iz the caze in the story that the firefichter attempted to find all of the guys, but
could not succeed due to the difficulty of the task, Howewer, this felicity condition is
not met in (27). That I, it is not the case that the firefichter's goal was to miss the
guys, and that he falled. Therefore, the target sentence in (27) is less felicitous than

(26) with respect to the story shown.

Zualmini tested 30 children between the ages of 4,0 and 5;7 and found that children
accepted {27) only 50% of the time, consistent with the obeervation of isomorphism.
Howewver, children accepted (26), the more felicitous target sentence, 90% of the time,

indicating that the children accessed the inverse scope interpretation at adult-like
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lewvels, Gualmini concluded that the momorphism effect iz not due to a grammati-
cal deficit, but a result of children’s inability to fit a string and situation that are
not pragmatically aligned. Gualmini showed that for quantifiers headed by seme,
it iz possible to reduce the isomorphism effect by manipulating the situational fea-
tures. Therefore, while it appears that children in many cases prefer surface scope

interpretations, we can be assured this deficit is not grammatical,

The second goal of this dissertation i= to determine the source of the observation
of isomorphism in children, using strings containing negation and a universally quan-
tified subject as a starting point of investigation. Similar to our question in the adult
domain, there are two hypotheses as to the source of this effect. Either the children
adhere to surface scope interpretations due to a limitation in their parsers {Musolineo
and Lidz, 2003), or due to limitations in integrating discourse information {Gualmini,

2004). We outline these hypotheses below.

1.5.2 The Child Parsing Hypothesis

The child parsing hyvpothesis holds that because surface scope interpretations are a
parsing default for adults {Tunstall, 1998; Anderson, 2003}, children’s preferences for
the surface scope interpretation reflect an inability to overcome this default (Lidz and

Muscline, 2002; Muscline and Lidz, 2003, 2005), as stated in (28],

(28) Children’s isomorphic interpretations reflect differences between children and

adulte in the operation of the parser (Muscline and Lidz, 2003, page 278)

Similar to the adult parsing hypothesis, there are a number of ways to implement
this hvpothesis that we will cutline here, but will abetract awray from for the remainder

of the dissertation. We cutline the range of possibilities for completeness.

25



Muscline and Lidz (2005 claimed that ‘the mechanizms for inverse scope, whether
they are quantifier raising, reconstruction, or the use of choice functions, are ex-
tremely difficult for children to access, positing that the act accessing of an inverze
scope interpretation i difficult for children.® A second possibility {at times hinted by
Musoline and Lidz, following Trueswell et al. (1999)) i= that children hawe difficulty
revising. Because the surface scope interpretation is a default, children are stuck with
this default interpretation. These hypotheses suggest that children are restricted to

generating only the surface scope interpretation.

Alternatively, children may be limited in their parsing capacity. Let us assume
that adults can maintain multiple interpretations of a scopally ambiguous string in
parallel. Children, who hawve limited working memories, may be able to maintain
only one interpretation at a time {Grodzinsky and Reinhart, 1993). If adults arrive
at a final interpretation by selecting from two alternatives, but children are unable to
simultanecusly weigh two alternatives, this would likely be a source of interpretative

differences between children and adults,

Ewen though there are multiple wave to encode the child parsing hypothesis, we
will treat them alike for the current discussion. I it i= the caze that the child parsing
hypothesis 1= on the right track, then we will require future research to differentiate

between these more detailed accounta.

f0Of course, it cannot be the case that dhildren are incapable of performing quantifier raising,
or else they would be unable to comprshend any ssntence with s guantifier, such as I osaw every
dog. A dharitable interpretation of this quote is that the mechanizms that underlie inverss scope
interpretakions are difficult for children to process when there exists another interpretation thab
requires fewsr operations. This will clesrly nesd to be spelled cut depending on one’s theory of the

adulk systerm.
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1.5.3 The Child Extra-Linguistic Hypothesis

[t may be the case that the child’'s preference for surface scope interpretations = not
due to a parsing difference between children and adults, but due to a difference in
the way children and adults integrate extra-linpuistic information into selecting an
interpretation. This hypothesis may be formulated in a variety of different ways,
which we will cutline here. Children’s adherence to surface scope interpretations may
result either from children’s non-adult-like discourse integration {pragmatic) abili-
ties, or atrictly as a result of infelicity in experimental design. Cruclally, under this
hypothesis, children hawe the capability to generate multiple interpretations of a sco-
pally ambiguous string, but appear non-adult-like due to differences in the process
of selecting an interpretation from the candidates from adults. We will cutline these
two possibilities below., We will distinguish between children’s ability to integrate

discourse infor mation and infelicity of experimental materials in section {4.1).

First, it may be the case that children are immature discourse agents {Thornton
and Wexler, 1999; MNoveck, 2001; Musolino and Lidz, 2008). In general, adults in-
tegrate discourse information into the ambiguity resclution process, easily selecting
the appropriate interpretation given the discourse and situational information. With
respect to the scope ambiguity case specifically, when a scopally ambiguous string is
uttered, it appears that adults easily use discourse information to select inverse scope
interpretations whenever they are appropriate. If we observe that children lack the
ability to access inverse scope interpretations, it may be the case that children hawe
not et learned the proper interpretive function of discourse information, and there-
fore, arrive at non-adult-like interpretations. Alternatiwvely, it may be the case that
children can integrate discourse information, but are unable to use this information
a8 a means of disambiguating ambiguous sentences. For the purposes of the current

discussion, we will confound these two hypotheses.
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mecond, it may be the case that children’s preference for surface scope interpre
tations i= a function of the experimental scenaric. Gualmini showed that in certain
cases, children's preference for surface scope interpretations dissolves, He showed that
children’s ability to access inverse scope interpretations i= modulated by the felicity of
the experimental design. Therefore, he suggested that children’s adherence to surface
scope interpretations can be completely accounted for by children’s inability to accom-
modate infelicitous experimental conditions, Alternatively, it may be the caze that
the conclusions drawn from our experimental methods rest on faulty assumptions.
For example, the conclusion that children cbtain only surface scope interpretations
ie drawn from data from TV IJT=s. TVITs make the assumption that if a reading i=
true, then the participant will assent to this reading (Crain and Thornton, 1998).
The conclusions that we have reviewed are undermined if children do not adhere to
this principle. That is, children may access both interpretations, but in the task, feel
no need to assent to the true reading (the inwverse scope interpretation). In this case,
the difference between children and adults can be reduced to factors specific to the
task, and may reveal no linguistically significant findings. Again, cur focus here i
to first determine whether children's adherence to surface scope interpretations can
be described bv the parser or extra-linguistic factors. In the investigation of this
question, we will need to investigate the degree to which children’s interpretations

are influenced by task information.

Let us now turn to a summary of our goals in this dissertation.

1.4 Goals

Az we hawve reviewed, the mechaniems underlying how a speaker obtains a logical

form hawe not been imvestigated to the same degree a= the mechanizme that underlie
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a speaker’s accessing of an sstructure representation. Therefore, we want to discover
how the processes involved in extracting an interpretation from the swrface string
compares to the process of constructing an s-structure representation, as a way to
articulate the structure of the parser for all levels of reprecentation. Ambiguity i=
frequently used as a probe into the process of parsing, and will be the avenue that we
pursue here. We will investigate the process of resolving semantic ambiguity, epecifi-
cally, the resclution of scope ambiguity. The investigation of this process cutlines the
two (related) main goals that form the focus of investigation for this dissertation: to
specify the source of the advantage for surface scope interpretations generally, and
to identify the nature of children’s interpretive differences from adultz. Both of these
goals serve to illuminate the processes involved in the resclution of scope ambigu-
ity, a specific case of semantic ambiguity. We puraue the hypothesis that ambiguity
resclution in adults and children are related processes, and we will use information
from both of these domalns to inform our articulation of the parser. In order to
properly investigate these two goals, we must determine the contributing factors in
selecting an interpretation in both children and adults, while identifying the role of

extra-linguistic factors in the initial selection of an interpretation.

Az e hawve discussed, there are multiple components invelved in the language com-
prehension process. To fully understand the process involved in parsing a string, we
must identify the relative contribution of each of these components to sentence un-
derstanding. Only once we hawve identified the effect of theee factors can we determine
the effect of parsing decisions on sentence comprehension. Here, we will cutline three
basic components that contribute to language comprehension. This list i= not meant
to be a comprehensive account of all of the factors that contribute to lanmuage pro-
cessing, but an attempt to outline a general intuition of factors that are relevant. In

the process of comprehending astring in an experimental situation, there exist many
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factors that influence the choice of an interpretation. We hawe divided these factors
into three types: preferences deriving from the parser (implementation of parsing
decizions), biases deriving from the dizcourse, and cholces made by the speaker that
are influenced by the demands of the task or situation. We will briefly cutline these
individual factors below, and we will detail these concepts throughout this disserta-
tion, to use these factors as footheolds into illuminating our understanding of parsing

procedures,

In the case of e-structure ambiguity resclution, it may be the caze that the parser
makes initial decisions with respect to the choice of an interpretation, based =olely
on the processing of information awvailable in the string alone. For example, the fact
that adults garden path in sentences like (29) (repeated from (1)) suggests that the

frequency of a syntactic analysis, given a verb, may guide initial parsing decizions.
(297 The rugby player undressed on the try line was injured

Motice that here, there are two waye that a parsing bias {for the most frequent
analysis) can be captured. First, it may be the case that the parser generates only one
analysis, which is the analysis that is most frequent (as in Frazier and Fodor (1978)).
Alternatively, it may be the case that both alternatives are generated, and frequency
information iz utilized by the parser to select the most frequent analysis (as in Crain
and Steedman (1985)). We will not present evidence to bear on this issue here.
What is important for our purposes is that when disambiguation of a sentence cccurs
before disambiguating evidence is encountered {that is, the information required to be
confident one has selected the correct analysiz), this selection may be described by a
bias deriving from the parser. The presence of such biases informe cur understanding

of what types of information the parser utilizes in making decisions.
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A second factor that may play a role in sentence processing is the integration of
discourse information. Discourse biases arise from decisions made about the like
lihood of an analysis, given the string and the real world. For example, Crain and
Steedman (1985) showed that discourse information affects s-structure parsing. Crain
and Steedman showed that garden path effects can be modulated by manipulating

the plausibility of the passive construction relative to the subject,

(30} Children taught by the Berlitz method pass the test

(31) Teachers taught by the Berlitz method pass the test

(30} and (31) are both ambiguous at the point of taught, as tanght could be a simple
past tense, or a passive verb. If it were the case that only the frequency of an analvsis
given the verb string plaged a role in the selection of an s-structure analysis, then we
would predict that adults would always initially select the past tense analveis, as it is
more frequent than the passive, This would predict garden path effects for both types
of sentences upon encountering by, a continuation which i= consistent only with the
paseive verb analveis of fanght. However, there are plausibility differences between the
two sentences. Children are more likely to be taught by teachers (passive), than to
teach teachers (past). [f it iz the case that this information can be utilized in selecting
an initial analysizs, then we would expect the garden path effect to be alleviated in
(30), as compared to (31). This prediction was borne out, suggesting that discourse
information plags a role in the selection of an analysis. Again, this result could
be accounted for either by discourse information playing a role in the generation of
alternatives, or in the selection of alternatives, but we will not comment on this issue
here. [mportantly, we must examine the role of discourse information in the process

of eemantic parsing.

A third factor in sentence comprehension is the contribution of task-specific de-

mands. As an example, let us discuss the behaviors required to participate in a
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TV IT, a task that is commenly used to investigate children’s interpretations of sen-
tences. An assumgption that underlies this task i= that if an interpretation of the
target sentence is true in the experimental situation, then the participant will assent
to the target sentence {(Crain and Thornton, 1998, pg. 212). This assumption has
been called the ‘Principle of Charity’ This view assumes that all interpretations
of the target sentence are awailable, and that the participant i= able to select the
interpretation that is true in the situation. This process, because it relies on a con-
versational goal, i=s likely quite different from using frequency information to select an
interpretation. Because the TVIT relies on assumptions concerning the integration
of pragmatic principles to make inferences about the interpretation obtained by the
participant, it is important to consider these task demands on interpretation. Only
then can we be confident in how to interpret behavioral results with respect to pars-
ing decisions. In sum, cur goal i= to detail these three factors, so that thev can be
considered with respect to any study of the parsing of language. This investigation
need not be limited to the constructions discussed in this work, as it is no doubt the

case that these will be relevant for any study of language processing.

In this dissertation, we primarily inwvestigate scopally ambiguous strings such as
(32), which are used by adults with inverse scope interpretations, but are interpreted
by children with surface scope interpretations {(Muscline and Lide, 2008). Here, we
will cutline our findings concerning the interpretation of this etring with respect to

the factors we hawve just detailed.
(32) Ewery American doesn't watch Rugby League

In adults, we find that there exists no parsing bias for either interpretation of strings
like (32). Therefore, we suggest that the parser generates both possibilities, and
that extra-linmuistic information is responsible for the selection of an interpretation.

specifically, we find that adults select the interpretation that can be most easily wer-
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ified. We investigate the role of verification strategies (which have been investigated
independently in the domain of pevcheological reazoning) in ambiguity resclution. We
show that the two interpretations of strings like (32) have different verification strate-
gies. We sugzest that the verification strategy associated with the surface scope inter-
pretation i= simpler, and thus, whenewver the parser makes two interpretations equally
awvailable, the ease of verification procedure acts as a contributor to selecting an in-
terpretation. This analveis extends the number of factors that must be considered
when investigating language processing. In the case of young children, we do not find
it. to be the case that the parser equally makes asailable both poesible interpretations
of an ambigucous string. Instead, it appears that children’s parsers give preferential
putput to one interpretation. We will remain agnostic as to whether their parsers
generate only one interpretation, or generate both with the parser selecting an inter-
pretation. With respect to the integration of discourse information, we suggest that
adults utilize frequency information in interpreting scopally ambiguous strings, but
the contribution of frequency information can be eliminated under certain experimen-
tal situations. We suggest that children do not hawve full command of using discourze
information to influence their choice of interpretation. In this dissertation, we iden-
tify the contribution of these components with respect to the resclution of semantic
ambiguity, viewed across adults and children, in order to identify the contributions of
the parser. We ultimately find that the blases reported in the resclution of scopally
ambiguous strings can be attributed to extra-linguistic factors, suggesting that there

may not exist different parsing strategies for s-structure and semantic interpretation.

We proceed as follows, In section 2, we investigate the timecourse in which adults
disambiguate scopally ambiguous strings, We introduce a nowel task, the Incremental
Verification Task ([VT), to investigate the information required by adults to wer-

iftv a scopally ambiguous string. We suggest that, different from strings contalning
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gstructure ambiguity, adulte disambiguate to obtain surface scope interpretations,
even before situationally disambiguating cues are present. In the [VT, adulte obtain
largely surface scope interpretations. We want to determine what factor causes this
effect, and whether thiz same factor i= in place more generally in children and re-
sponsible for the observation of isomorphism. Therefore, we must investigate if the
adult behavior {cbtaining surface scope interpretations) in this task mirrors child be-
havior more generally. In section 3, we turn to the investigation of priming. We find
that adults, in the IVT, are alded in accessing inverse scope interpretations by prim-
ing much in the same way children are in other tasks. This suggests that the same
mechanism underlies the surface scope interpretations of both children and adults.
Additionally, in this section, we make use of the unique cpportunities provided by the
surfare scope interpretations obtained in the IVT to investigate some related izsues
about priming. In section 4.1, we turn to a re-investigation of the interpretation of
scope ambiguities in young children. Previcus research tested mainly clder children,
and made inferences about the abilities of vounger children. We find, that although
5 year olds display an ‘isomorphism effect’, younger children (4 wyear clds) do naot.
This suggests that children’s claimed preference for surface scope interpretations may
not be as robust as previously thought., In section 4.2, we Inwvestigate the effect of
discourse information on final interpretation in children and adults. Our results with
four year olds suggests that they are ‘adult-like’ in accessing inverse scope interpreta-
tions. However, we must hesitate to take results from TV IT:s a= significant findings
about preferences. We perform a TWJT and sentence completion task with both
children and adults, We find that, while adults access interpretations that vary as
a function of experimental task, children do net. This suggests that, even though
voung children display some features of adult-like performance, they have not fully
obtained adult-like interpretive abilities. In section 5, we propose a model to account

for this empirical evidence, “We suggest that these findings can only be accounted
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for by a system in which there i= no parsing bias for surface scope interpretations in
adulte. This conclusion suggests that the adwantage for surface scope interpretations
derives from extra-linguistic factors. In section 6, we investigate wverification proce-
dures as a source of the surface scope advantage. We suggest that the werification
procedures that adults use for inverse scope interpretations are more difficult than
those used for surface scope interpretations, the source of the surface scope adwvan-
tage. In conclusion, we suggest that the surface scope advantage can be accounted for
by extra-linguistic factors in adults, and that a full description of children’s seman-
tic ambiguity resclution abilities must appeal to a developing parser and developing

discourse integration abilities,

Therefore, the contribution of this dissertation is two-fold. First, we prezent a de-
tailed account of the factors that contribute to LEF parsing. Second, the identification
of the wvaluss for these factors allow us to infer which propertise of the parser axe
construction-specific, and which properties of the parser change ower time., We find
that children hawve parsers that initially bias their decisions about the selection of an
interpretation toward the interpretation that i= meet frequent in the input, but that
children later dewvelop into adulte who hawve unbiased parsers. The obaerved adwvan-
tage for surface scope interpretations in adulte derives from the way in which adults
implement wverification procedures for different interpretations when the parser makes
multiple interpretations awailable. This provides a framework for the investigation of
other constructions and other typee of ambiguity to cutline a detailed picture of the

structure of the parser.

In cur inwvestigation of adults’ and children’s abilities to attach a logical form to a
string, we must first identify how this process occowrs in adults. [n the next section, we

investigate whether, for strings containing a universal quantifier and negation, adults
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show evidence of an advantage for surface scope interpretations before disambiguating

information 1= encountered,

36



Chapter 2

Investigation of Timecourse of

Disambiguation

A key question in the domain of sentence processing is how the parser handles mul-
tiple potential analyses of an input string. Since Bewer (1970) and Kimball {1973),
miuch attention has been pald to ambiguities that derive from alternative constituent
structures (Frazier and Fodor, 1978; Craln and Steedman, 1985; Clifton and Ferreira,
1989, MacDonald et al, 1994; Sturt et al,, 2000). 4 critical question in this domaln
concerns how phrases are built, with ambiguous strings often used as a probe into
the s-structure building compenent of understanding. It s important to remember,
howewver, that the construction of sstructure representations = not equivalent to the
construction of meaning, An sstructure must be interpreted, which necessitates the
building of a logical form. In cases of attachment ambiguities, each possible attach-
ment leads to a single logical form and sc it is easy to conflate sstructure building
with logical form building, But these processes are necessarily distinct, The indepen-
dence of meaning and s-structure can be seen by examining stringe that have only a

single s-structure analysis but still have two logical forms, such as (33).

(33) One dachshund ate every bone
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In order to investigate the processes of sstructure and LF parsing, we can use ambi-
guity {that is, multiple available representations of a single string) as a probe. That
is, by viewing relative advantages of an interpretation, we can gain insight into how

the sentence processing mechanism operates,

The first goal of this dissertation is to determine the socurce of the surface scope
advantage in adults, Therefore, we must determine when in the course of the sen-
tence comprehension process surface scope interpretations gain an adwvantage. From
TV IJTe, we find that, in situations where the inverse scope interpretation is true,
children obtain surface scope interpretations by the conclusion of the process of in-
tegrating discourse information into building a logical form. We alzo know that by
this time, adults select inwverse scope interpretations. Howewer, findings from TV IT:
are uninformative about the nature of parsing, becauze the judgment of the string i=
temporally distant from the completion of sentence comprehension. In the domain
of sentence processing, we can ask whether, in adults, both interpretations are main-
tained in parallel until the situation disambiguates between interpretations, or if the

surface scope interpretation gains an adwvantage before this disambiguation point.

In domains cutslde of LF parsing, a key point of investigation i= the number of al-
ternatives considered until a string-internal disambiguation peint (Frazier and Fodoer,
1978; Crain and Steedman, 1935, MacDonald et al, 1294; Trueswell, 1998 IMcRae
et al,, 1998; Grodner et al, 2005, among others). While we will abstract away from
the particulare of these studies, we will cutline the logic underlving this inwvestigation.
[n these studies, participante are presented with a temporarily ambigucus string, ei-
ther in a self-paced reading or evetracking format, A slowdown at a disambiguation
point suggests that the analvsie that 1= consistent with the disambiguation material

was unavailable. For example, an early experiment by Frazler and Rayner (1932)
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studied participant’s eye movements while reading temporarily ambiguous etrings, as

in {34) and {35].

(34) Since Ray always jogs a mile this seems like a short distance to him

(35) Since Ray always jogs a mile seems like a short distance to him

Here, the ambiguity derives from the lexical ambiguity of jogs, which can be inter-
preted transitively (34) or intransitively. (35) requires that jogs be interpreted intran-
sitively (zo that o mile may be the subject of seems); however, this disambiguating
information is unawvailable at the point of encountering o mile. Frazier and Hayner
found evidence of difficulty at seems in (35), suggesting that the parser pursued a
transitive analyvsis of jogs, and the intransitive analysis was unawailable by the time

that the dizambiguation point was encountered.

The logic of these types of studies i= straight-forward; to determine whether there
exist any parsing pressures to select one interpretation before the encountering of
disambiguating information. We are interested in the same question with respect
to scope ambiguity, With scopally ambiguous etrings, however, the disambiguating
information does not come from string-internal information, but from situational
information. In this section, we investigate the status of alternative interpretations

of ecopally ambigucus strings before the situation provides dizambiguation cues.

2.1 On LF Parsing

The process that we are interssted in investigating is how a speaker a=signs a logical
form to a string in real time; namely LEF parsing. This issue has only cccasicnally
been investigated for scopally ambiguous strings (Kuwrtzman and MacDeonald, 1993;
Tunstall, 1998; Carlson, 2002; Anderson, 2003; Carlzon et al, 2005). In this section,
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we show that for strings containing a universal quantifier and negation, adults pursue a
surface scope interpretation before encountering disambiguating situational evidence,
Wefind that these results are consistent across different types of scopal ambiguity, but
that this early disambiguation does not occur in the case of attachment ambiguity.
This finding suggeste that there exist differences in the ambiguity resclution processes
involved in LF parsing and s-structure parsing. In section (§), we will return to an

account of these differences.

2.1.1 Examining Ambiguity Resolution with the IVT

In this section, we investigate whether adulte, when encountering a scopally ambigu-
ous string, entertain multiple alternative interpretations until the point of encoun-
tering disambiguating evidence, or whether the surface scope interpretation gains an
advantage at the lewel of maintenance of alternatives. The study of maintenance of
alternatives in s-structure ambiguity i= frequently conducted with self-paced reading
or eyetracking while reading {Crain and Steedman, 1985; Boland and Blodgett, 2001;
Heu, 2008). In these experiments, researchers look for a slowdown when incongruent
svntactic information i= encountered, as evidence of a viclation in the participant’s
expectations, Howewer, the multiple representations awvailable in LF ambiguity derive
from a single sstructure representation. Therefore, it i= not possible to determine,
along the course of the string, when one grammatical interpretation is no longer awvail-
able. An exception to this is Anderson (2003), who used a self-paced reading task to

investigate scopally ambiguous strings, such as {36).
(36) Ewery climber scaled a mountain

In these caszes, the different readings correspond to distributivity, where one reading
requires a single mountain, and the second interpretation requires a=s many moun-

tains as there are climbers. Thie allows one to look for an incompatability between
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the listener’s expectations about the number of mountaine and the actual number
of mountains (similarly in Kurtzman and MacDonald {1993) and Tunstall {1998},
However, this incompatibility can occur only when one of the quantifiers contributes
to a distributive interpretation, and therefore, does not generalize to all types of sco-
pal ambiguity (see il {1982) and Beghelli {1995] for evidence that distributivity and
scope are separate phenomena). Therefore, our ability to use self-paced reading tasks
for the investigation of all types of LF ambiguity (specifically, scopal ambiguities in

which distributivity does not differentiate between interpretations) is limited.

We roequire a tazk where we can determine, on a moment to moment bazis, which
interpretations are being entertained. For the inwestigation of e-structure ambiguity,
the syntactic structure that the listener anticipates has been used az a way of deter-
mining which analyzes the participant is pursuing. For LF ambiguity, we can look for
what pieces of information the participant expects to encounter to verify whether a
statement is true. For example, to verify whether the string in (37) is true, a speaker

builde a model of their expectations about dachshunds.
(37) All dachshunds like to have fun *

[f (37) iz true, one would expect to encounter only dachshunds that like fo hawve
fun. Finding o dachshund that deesn't ke o hawe fun = sufficient information to
declare the sentence false, without looking at any further dachshunds, We developed
the Incremental Verification Task (IVT), in which the evaluation of the truth con-
ditions of a sentence i= carried out incrementally, This task makes both readings of
an ambigucus string available, and asks whether adults stop at the interpretation
which can be wverified first, [f adulte make thelr true-falee judgment az a function

of which interpretation 1= made true or false in the situation first, this suggests that

Lormrwr loveyourdog. com, dachshunds bt
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adulte hawve both interpretations awvailable eimultanecusly, and are able to select the
proper interpretation based on truth condition. Howewer, If adulte delay in making a
true-falze judgment, even when the situation contains enough information to make a
judgment about the truth-falsity of an interpretation possible, this suggests the first

interpretation was unawvailable to them.

In the VT, four pictures are each hidden underneath a cup. Participants are given
a target sentence, such as {38), and are told that their task is to verify if the sentence
iz true or false as soon as possible, i.e. with uncovering the fewest number of cups (a
variant of this task iz that the participant must perform an action a= soon as possible,
and will be reviewed in section 2.1.7). The only rule of the tazk i= that the cups must
be uncovered from left to right, and one at a time Let us demonstrate the task
with an example that iz unambiguous in this situation {because it = pragmatically

infelicitous that every zebra shares the same crown).

(38) FEwery zebra has a cown

A000

Figure 2.1: Incremental Verification Thsk: unambiguous example

To begin, participants are told that they need to verify the truth of the sentence in
(38). The participant lifts the first cup to reveal the first picture, as in Figure (2.1a).
At this point, the picture i= consistent with afl the zebras hawming cromms, but more
evidence iz needed to wverify the truth of the sentence. The participant then reveals
a second picture, az in Figure (2.1b). At thi= point, the participant encounters a

hatless zebra, and he/she knows that the string i= false, without turning over any
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additional cupe. By exploiting this incremental werification process, we can identify
which interpretations adulte are considering, much in the same way that a slowdown
at a dizambiguation point has been used to determine the structure a participant is

considering in the case of temporary s-structure ambiguity.

We first want to verify whether the results found by Anderson (2003) hold for
strings with a universal quantifier and negation. That is, is there an initial preference
for surface scope interpretations for strings contalning a subject universal quantifier
and negation? [fwe find an initial preference for surface scope interpretations, we can
deter mine whether thiz adwvantage derives from parsing preferences or extra-linguistic
factors, We firat determine whether two alternatives of a scopally ambiguous string

are held in parallel at the point immediately before the situation disambiguates.

2.1.2 Experiment One: IVT: Universal Quantifier

Dur interest surrounding the processing of strings with a universal quantifier and
negation = two-fold, The firet goal i= to determine whether the advantage for surface
scope interpretations holds with the construction we are investigating, and if =o, to
determine the factors underlying this adwvantage. The second goal is to determine
the source of the difference between children and adults with respect to scopally
ambiguous strings. As we hawve reviewed, children and adults arrive at different in-
terpretations with strings containing ewery in the subject position and negaticn, in
situations when the neot every interpretation is true (Muscline et al, 2000}, In con-
versation, adults use these strings with inverse scope interpretations (Horn, 1989,
Muscline et al, 2000}, and accordingly, arrive at inverse scope interpretations in a
TV IT. Howewer, children appear to be restricted to surface scope interpretations in
TV ITs, in the absence of strong discourse information (Muscline et al, 2000; MMu-

solino and Lidz, 2008). Therefore, to understand the source of the difference between
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children and adulte within this domain, we must determine the processing mechanisms

involved in an adult cbtaining inverse scope interpretations.

Before we go over the detalls of the task, we must first review a peculiarity of

strings containing a subject universal quantifier and negation, as shown in (39).
(397 Ewery dachshund can't eat a giant bone

Az we have reviewed, there are two interpretations to this string. Either none of the
dachshunds can eat a giant bone (swrface scope), or met all of the dachshunds can
(inwverse scope). However, if it i= the casze that mome can, it follows by entailment
that not all can. This means that there = no situation which exclusively permits
the surface scope interpretation. Due to this subset problem, TVITs must test the
truth of the inverse scope interpretation. Interestingly, the IVT [although designed
to investigate which interpretations are under consideration) remedies this problem,
because as we will see, the cup revealed can uniquely determine which interpretation

the participant i= entertaining,

We used the IVT to test how adulte wverify scope ambiguities with a universal

quantifier in subject position and negation, such as (40).
(40} Ewery dog isn't wearing a hat

The experiment is designed such that the inverse scope interpretation (the preferred
interpretation for adults) can be verified (and is true) on the first cup. This is shown

in Figure {2.2a), in which the first cup reveals a hatless dog.

The surface scope interpretation requires turning over more cups, and thus, i= not
allowed according to the rules of the task, unless the inverse scope interpretation is
unavailable to the participant. In Figure (2.2), this means advancing to the last cup

(c], because the participant must verify that none of the dogs have hats. Notice that
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Figure 2.2 IW'T" Universal Quantifier, Surface Scope-True

even though both interpretations hawe the same truth walues in this situation, the
interpretation can be uniquely determined by the cup that the participant stope on.

This allows both interpretations to be directly tested, an advantage ower the TVIT.

An sxample trial in which the surface scope interpretation i= false iz illustrated in

Figure (2.3). The inverse scope interpretation can still be verified on the first cup.?

2% OO0
o) o & OQ

Figure 2.3: [V Universal Quantifier, Surface Scope-Falze

The surface scope interpretation can be falzified on the second cup, as shown in Figure
(2.3b), when a dog with a hat i= encountered. Therefore, obtaining the surface scope

interpretation does not necessitate persisting to the final cup.

We can use this task to lock at the expectations of the speaker. Because this task

is carried out at the completion of the utterance of the string, it canncot reveal infor-

It may be the case that the inwerss scope interpretation carries an implication that at least one
dog has a kot In this case, & participant may conkime ko reveal the ascond cup. At this point,
the participant, if they obtained the mverse scope interpretation, would say ‘trus’. In this case, the

resporse differs fromm that of the surface scope interpretation.
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mation about parsing decisions made during the processing of the string. Howewer,
it does reflect sentence processing from the time the string is heard to the verifica-
tion procedure. If we find that adulte maintain only the surface scope interpretation,
we can infer that some component of the language comprehension svetem lends an
advantage to surface scope interpretations before the integration of discourse infor-
mation. This finding alone, i= & crucial step in the understanding of LB parsing, and

sheds light on the biases a language comprehender brings to a TV IT.

hlaterial: and Methodology

At the start of the session, participants are told that they will be shown a series of
cards. Each card contains four pictures, each picture hidden underneath a cup. The
experimenter utters a string, and the participant i told that his/her task I= to tell
the experimenter whether they are lying or telling the truth about what i= under the

cupe, by uncovering as few of the cupe as possible (from left to right),

The participante are given a warm-up trial and three target trials, as exemplified
by (41}, repeated from (40).

(41} Ewery dog isn't wearing a hat

Participants received both target trials that were true on the surface scope inter-
pretation (n=2) and trials that were false on the surface scope interpretation (n=2).
Participants were given 12 filler items containing either a number in object position,
a5 In (42), a number in subject position, as in (43) or the universal quantifier in object

position, as in (44).

(42) Mouse doesn’t have two blocks

(43) Two zebras don't have a chip
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(44) Dwarf doesn’t hawve every fruit

There were both true and falze filler iterns. These constructions were chosen because
thev display different preferences with respect to interpretation. Adults readily obtain
either interpretation of (42) {Lide and Musclino, 2002), prefer the surface scope in-
terpretation of (43) (Musclino and Lidz, 2003}, and can only obtain the surface scope
interpretation of (44). Therefore, these filler items provided the participant with
a variety of responses across the experiment, and contrast with the inverse scope

preference observed for the target construction.

Trials were scored on both the T/F response, and the cup the participant stopped
on. The true/false answer was of highest importance. If a participant gave a T/F
response and persisted one cup bevond the appropriate response, then this trial would
be scored by the T/F answer. For example, assume the two readings allow for the
following responses: T on cup 1 or Falze on cup 3. A T on cup 2 would be scored as
correct for the firat response. Howewver, a T on cup 3 would not be scored, because
thizs could either be an inappropriate cup response or an incorrect T/F judgment.
Therefore, in essence, there i= a one-cup leniency. If the action and cup number did

not correspond to one of the interpretations, that trial was not scored.

In this experiment and all subsequent [V Ts, participants may be excluded for either
of the two following reasons: a) fallure to obtain either interpretation on more than
half of the target trials,® or b) removing cups before the completion of the target

sentence,

"Recall that thers are both barget trials where the surface scope interpretabion is trus and ones
where it iz falas. If it iz the case that the participant revesls all of the cups (and sags ‘true’), then
thiz iz conaistent with s surface scope resporiss half of the time, but not conzistent with any responszs
when the surfacs scope interpretation is false (regardless of T/F response).
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Target and filler items were mixed in a peeudo-random order. The order of pre-
sentation of items was counterbalanced. Two lists were created, with the second list
presenting target and control itemes in the reverse order of the first list. Half of the
participants received lizt one, and the other half received list two. Each string was
verbally presented by the experimenter with a prosody that did not fawor any specific

interpretation? The entire session lasted approximately 15 minutes.

FPredictions

[t adults maintain both interpretations of a scopally ambigucus string up until a
disambiguation point, we predict that they will be able to verify either interpretation
of the scopally ambiguous target sentence, That is, we predict that the participant
will etop at the firet poesible interpretation that can be werified, in this case, the
inverse scope interpretation. This finding, would be inconsistent with the parsing
hypothesis, which claime that surface scope interpretations are a parsing default, but

would be consistent with the extra-linguistic hypothesis,

[f adults adhere to surface scope interpretations even before the situation disam-
biguates, then we sxpect adulte to persist past the first cup, in an effort to werify
the surface scope interpretation. This finding i= predicted by the parsing hypothe
sis (suggesting a parsing default for surface scope interpretations), but could also be

accounted for by some formulations of the extra-linguistic hypothesis.

Participants

22 students at the University of Maryvland, Ceollege Park, participated in this ex-

periment. Mo participants were excluded. Participants received either monetary

Tor & discussion of prosody snd scope interpretations, s== a=ction 2.1.6.
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compensation or course credit for their participation. All participante were English

native speakers over the age of 18

Rezults

Acroes all target trials, participants obtained the inverse scope interpretation 22.0%
of the time. There was no difference between trials in which the surface scope in-
terpretation was true and those in which it was false. 14/22 participants obtained
surface scope interpretations on all trials. The remaining 8 participants obtained the
inverse scope interpretation on 62.5% of trials. One trial was excluded from analyeis

because the response did not correspond to either interpretation.

On the filler trials, participants provided a response consistent with either a surface
or inverse scope interpretation on 89% of the trials. This overall good performance

on filler trials suggeste that the particpants adhere to the rules of the task,

Diszcussion

Participants in this task ocbtained largely surface scope interpretations on strings con-
taining a univerzally quantified subject and negation. E+wen though the inverse scope
interpretation could be verified first, adults refrained from wverifving this interpreta-
tion, which suggests that the inverse scope interpretation was unavailable by the time
disambiguating evidence was encountered. These results also suggest that there ex-
ists an initial advantage for surface scope interpretations even before disambiguating
information is encountered. These results extends the findings by Andersen (2003)

and Tunstall (1998) to a wider range of scopally ambiguous strings.

These rezults cannot be explained by a simple tendency to persist to the last cup.

First, the resulte from unambiguous control trials show that all participants are capa-
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ble of stopping on the appropriate cup, suggesting that it i= not the case that adults
reveal all cupe before making a judgment. Second, there existed trials on which the
surface scope interpretation was false, which required stopping before the last cup.
Participants performed this reeponse an equal number of times as when the surface
scope interpretation was true. Therefore, there exists no owverall tendency in this task

to persist to the ultimate cup.

These results are surprising given two potential alternative cutcomes. First, given
that the inverse scope interpretation i= the adult’s preferred interpretation in con-
versation, it could hawve been the case that adults immediately interpreted the target
sentence with the inverse scope interpretation. That is, even if surface scope inter-
pretations obtain an initial advantage, adults could hawve done the following, The
participant could hawe heard the target sentence, and then thought about what that
string meant. Muscling et al. (2000 reported that when participants are asked what
a string with a subject universal quantifier and negation means, they reported obtain-
ing the inverse scope interpretation. I[f this is the case, one wonders why participants
do not perform this interpretive process etraight away, Second, adults could perform
a meta-analyeis at every cup. That is, after revealing the firet cup, the participant
could ask themeelves what the target sentence means. Given that adults readily ob-
tain the inverse scope interpretation in other situations, they should be capable of
obtaining inverse scope if they revised {or checked if they needed to) at every cup.

However, neither of these alternative cutcomes obtained.

This result suggests that there existe an advantage for surface scope interpretations
with strings containing a subject universal quantifier and negation. Thiz finding
can be explained by either of the hypotheses concerning the source of the surface

scope advantage. Under the parsing hypothesis, these resulte are sasily accounted

50



for by claiming that surface scope interpretations are a parsing default. Therefore,
in the abeence of additional dizcourse information, the surface scope interpretation is
obtained. These results are also captured under the extra-linguistic hypothesis, if the
extra-linguistic hypothesis posits an advantage for surface scope after parsing, but

before the integration of situational information.

2.1.3 Experiment Two: IVT: Number

We want to determine the degree to which this earlv disambiguation that we hawve
obeerved with strings contalning a universally quantified subject and negation extends
to other tyvpes of etrings containing scopal ambiguity., [n this section, we show that
similar effects obtain in setrings with negation and a number in object position, as in

(45}, The string in (45) has two interpretations.
(45) Jon didn’t find two hearts

The surface scope interpretation (NOT = TWO) means that # 4s not the case Jon
found two. The inverse scope interpretation (TWO = NOT) means that there are fwo
he did not find, This tvype of ambiguity does not give rise to the subset problem that
heolds with strings containing the universal quantifier and negation. Therefore, it i=
possible to counterbalance which interpretation can be verified first, This construction
was tested in Lidz and Musoline (2002}, who found that while adulte can obtain either
scope, children appear restricted to the surface scope interpretation. Therefore, this
construction shares an interpretive profile similar to the strings containing the subject

universal gquantifier and negation.

hlaterials: and Methodology

Participants are given the same inetructions as with the previous task. That is, there

are a series of cards with items that are hidden under cups. The participant’s task
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e to werify if a string uttered by the experimenter i= true or falze, by revealing the
fewest number of cups. Because the inverse scope interpretation requires reference to
itermns that were not found, this version contained a modification in the design of the
cards., Bach card contains a wolf, who participants are told hides items, and a boy
named Jon, who tries tries to find them. If an item i= in a basket, then Jon found it,
but if it is behind a leaf, then that is one that Jon did not find. Because an item is
clearly marked as “found’ or ‘not-found’, both interpretations of the target sentence

are equally felicitous.

Thizs experiment contained two conditions: Surface-Scope firet and [nverse-Scope
first. In the Surface-Scope first condition, the surface scope interpretation can be

verified first, as shown in Figure (2.4).

B&O0
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Figure 2.4: [VT: Number, Surface-Scope first

(a

o

(b

"

In this case, it can be verified on the second cup (Figure (2.4a)) that there are two
found hearts, indicating that the target sentence is false. The alternate interpretation

can be verified by revealing more cups, as shown in Figure (2.4b).

The [nveree-Scope firet condition containe triale where the inverse scope interpre

tation i the first interpretation that can be werified, as shown in Figure (2.5).

[n this case, it can be verified on the second cup (Figure (2.5a)) that there are two
hidden hearts. Again, the alternate interpretation can be verified later on, as shown

in Figure {2.5b).
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Figure 2.5: VT Number, [nverse-Scope firat

Each participant received 8 target trials, 4 trials from each condition. Additionally,
each participant recelved 6 unambiguous contrel iteme, 3 with no negation, a= shown

in (46) and 3 with negation, but no quantifier, as shown in (47).

(46) Jon found 2 pineapples

(47) Jon didn’t find any carrots

These control items serve to balance the number of true/falee responses over the
course of the experimental sesslon, and to vary the cup that the participant stops on

over trials,

Trials are scored according to the criteria in the previcus experiment.

The conditions and unambiguous control items are mixed in a peeudo-random crder.
The trials are counterbalanced for order of presentation. Two liste were created, with
the second list presenting taxget and control items in the reverse crder of the firat list,
Half of the participants received lizt one, and the other half received list two. Each
atring was verbally presented by the experimenter with a prosody that did net fawor

any specific interpretation. The entire session lasted approwimately 10 minutes.

Predictions

[fit is the case that there existe an adwvantage for surface scope interpretations across

constructions, and an interpretation i= selected before disambiguating information is
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encountered, then we would expect little difference in interpretation between condi-
tions. That i=, we predict that participants will adhere to an interpretation, regardless

of the time at which that interpretation can be verified.

[f it i= the case that the advantage for the surface scope interpretation is specific to
scope ambiguities contalning a universal subject quantifier and negation, we may not
expect to find a similar effect in this case, [f it i=s the case that both interpretations
are awvailable until a situational disambiguation point, then we expect condition to
be highly predictive of interpretation, because participants will be able to werify
whichever condition can be verified firet. That iz, we would expect participants to
obtain surface scope interpretations in the Surface Scope firet condition, and mostly

inverse scope interpretations in the [nwverse-Scope first condition.

Participants

20 undergraduate students at the University of Marvland, College Park, participated
in this experiment, with one participant replaced in the deslgn because more than
half of his/her responses did not correspond to either interpretation. Participants
received either monetary compensation or course credit for their participation. All

participants were English native speakers over the age of 18,

Results

We are interested in determining whether condition (which reading can be verified
first) is predictive of interpretation. We scored all responses on % surface scope
interpretation. ©On the trials where the surface scope interpretation can be verified
first, adults obtalned the surface scope interpretation in 47% of the trials. On the
trials in which the inverse acope interpretation could be werified first, adults obtained

the surface scope interpretation on 40% of the trials. The two conditions are not
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significantly different (t(19)= 118, p=24). Acrose both conditions, 8/20 participants

obtained only the surface scope interpretation.

Mine total target trials were excluded from analvsis due to failure to correspond
with elther interpretation. Participants provided the correct response on 91.6% of

control trials.

Dizscussion

[n this experiment, experimental condition = a poor predictor of the interpretation
obtained by the participant. Adulte appear unable to use the information about which
interpretation can be verified first as a cue to guide their zelection of an interpretation.
This result 1= consistent with the [VT: universal quantifier results, because adults
select an interpretation before encountering disambiguating information. Howewer,
the resulte from this experiment differ from those of IV universal quantifier in that
there exists no overall adherence to surface scope interpretations, What is clear from
both of these experiments is that in the domain of scope ambigulty resclution, there
existe some force for selecting an interpretation that is independent of situational
information, although the interpretation selected may wary according to construction.
We will putline some experiments to control for the resulte we hawe shown abowve,
then turn to comparing scope ambiguity with another tvpe of ambiguity, attachment

ambiguity.

2.1.4 Experiment Three: IVT: Specified Domain

For our conclusions regarding an advantage for surface scope interpretations to hold,
we must ensure that our results cannot be obtained for any task-specific reasons.

Therefore, we must work to caretullv control cur task, [n the experiments that follow,
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we control for domain of quantification (section 2.14), which interpretation can be

verified first (section 2.1.5) and prosody (section 2.1.8).

iJur conclusions about the advantage for surface scope interpretations centers around
the finding that adults do not make a T/F judgment at the earliest poesible point.
For this conclusion to heold, we must eliminate anyv alternative reasons for their hes
itating to make a judgment. One reason adults may perzist iz due to uncertainty of
the domain of quantification. In the previous experiment, we use the quantified noun
phrasze every dog, but participants do not know how many dogs there aye. Therefore,
the persistence could be due to a desire to view the entire domain of quantification
before making a judgment, and not strictly due to the verification of the surface scope
interpretation. Motice that, thus far, these two factors hawe been confounded. Per-
sisting until the domain of quantification is revealed would produce the same results

a8 obtaining the surface scope interpretation.

To resolve this potential confound, we conducted an [VT where the domain i=

specified from the ocutset, as shown in Figure (2.6), with target sentences as in {48).

(48) Ewery cow doesn't hawe a hat

At the outset, all of the cows are wvisible. Howewver, the participant must still
gverturn cups to determine what each cow possesses.® [dentizal to the previous ex-
periment, the inverse scope interpretation can be verified on the first cup (Figure

(2.62)), but verification of the surface scope interpretation i= delayed (Figure (2.6c)).

5In this experiment, and in all subssquent IVT experiments, the ‘cups’ are actually laminaked
circles thak are atbached to the card with velere.
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Figure 2.8: IVT: Specified Domalin, target card
MMaterial: and Methodology

The description of task to the participant and the implementation of the task remains

the same as in previous [VT experiments.

BFiach participant received a warm-up trial, 6 target trials, 4 target triale where
the surface scope interpretation is true, and 2 where the surface scope interpreta-
tion is false. Participants also received unambiguous contrel trials, HRecall that in
IVT" universal quantifier, the filler items were scopally ambiguous strings. However,
because they allow multiple interpretations, the T/F answers cannot be carefully bal-
anced across the task, To remedy this concern, we replaced the filler items from [V
universal guantifier with 5 unambigucus contrel items containing a quantifier and no
negation. There were two types of unambigucus control sentences: 3 items contalning

some (49) and 2 items containing ewery (50).

(49} Some horses have a hat

(50% Ewery sheep has a sweater
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The control items serve two purposes. One, if the participant responds appropriately,
these iteme encourage the participant to stop at a wariety of cupe acroes different
trials and alzo creates a wvariety of true and false responses across the experiment.
Twro, these itemes allow us to werify that participants are appropriately participating

in the task, and stopping a= scon as possible.

Target items were scored with the same criteria as for [V universal quantifier.
Unambiguous control items are similarly scored by a T/F response and cup that align
with a coherent interpretation. An appropriate response on unambiguous control
trials is defined by giving a true/false response as soon as possible. For ewery trials,
this means progressing to the last cup if it i= the case that all of the sheep hawe
sweaters, or stopping a= scon as a sweater-less sheep is encountered. For seme trials,
there are two appropriate responses, depending on whether the participant considers
the implicatures involved. An ideal response would mean stopping as scon as one
or two horses with hate are encountered. Howewver, notice that for (49), there &= an
implicature that net all horses hawve hafs, [f a participant computed this implicature,

and reported on the basis of it, this would require proceeding to the final cup.

Target and unambiguous control items were mixed in a peeudo-random crder. The
order of presentation of items was counterbalanced. Two liste were created, with the
second list presenting target and contrel items in the reverse order of the first list.
Half of the participants recelved list one, and the other half received list two. Each
string was verbally presented by the experimenter with a prosodyv that did not fawor

any specific interpretation. The entire session lasted approximately 10 minutes.
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Fredictions

[fit iz the case that the apparent advantage for surface scope interpretations is due to
adults attempting to view the entire domain of quantification, then we expect higher
rates of inwverse scope interpretations in this task, as compared to VT universal

gquantifier.

However, if the previous results are genuinely due to verification of the surface scope
interpretation, then we expect little difference between the resulte of this experiment

and the [VT: universal quantifier.

Participants

20 undergraduate students at the University of Marvland, College Park, participated
in this experiment. One participant was replaced in the design because more than
half of his/her responses did not correspond to either interpretation. Participants
received either monetary compensation or course credit for their participation. All

participants were English native speakers over the age of 18,

Results

Participants obtalned the inverse scope interpretation 21.4% of the time, almost iden-
tical to IVT: universal quantifier (t{38)=.058, p=.95). 13/20 participants obtained
surface scope interpretations on all trials, The remaining 7 participants ocbtalned in-
verse scope Interpretations on 57% of trials. 3 trials were excluded from anaylsis due
to failure to correspond with either interpretation. Therefore, it appears the adher-
ence to surface scope interpretations observed in the previcus experiment = not due

to a lack of information about the domain of quantification.
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Across all control trials, participants gave an appropriate answer 100% of the time.
Participants stopped on the ideal cup 74% of the time, and on 100% of the trials that
contained ewvery with no negation. Of the trials that contained seme, participants
perzisted to the last cup on 40% of the trials. While this response may be viewed
as non-ideal performance on this task (as it is not stopping as scon as possible],
this result does not represent a general tendency to rewveal all of the cupe, as adult
stop appropriately on emery control items. In this experiment, and in subsequent
experiments that use this control item, there iz no correlation between werification
of the implicature and surface scope interpretations, suggesting this i= not simply an
inability to stop on the appropriate cup. Therefore, from thiz peint on, these types

of responses on some trials will be coded as correct,

Dizcussion

From these results, we can conclude that the surface scope interpretations obtained in
[VT" universal quantifier are not an illusion caused by a desire to identify the domain
of quantification. This contrel, then, strengthens cur confidence in the claim that
adults obtain surface scope interpretations for sentence-dependent reazons, and not

for task-related reasons,

2.1.5 Experiment Four: IVT: Reverze

In IW¥T" universal quantifier, the inverse scope interpretation i= werifiable on the first
cup.  We designed the experiment this way because it has been obeerved that in
speech, adults display a preference for inwerse scope interpretations (Muscline et al.,
2000; Muscline and Lidz, 2008), and thi= experimental dezsign made it most favorable
for participants to stop on the first cup. However, we have found {and replicated)

that adulte persist past the firet cup, leading us to conclude that adults obtain largely
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surface scope interpretations in this task., Purthermore, we have determined that this
persistence is not a result of a desire to verify the domain of quantification. Howewer,
we must ensure thesze results hold when the surface scope interpretation is the first

interpretation that can be verified.

hlaterial: and Methodology

We designed a version of the IVT where the surface scope interpretation of {(51) can
be verified on the firet cup, using the same target sentences az [V specified domain,
as well as the same pictures, but with the pictures appesring in a different crder on

the cards.
(61) Ewery cow doesn't hawve a hat

[n Figure (2.7a), the first cup reveals a cow with a hat. At this point, the surface
scope interpretation, none of the cows have o hat iz false. To werify the truth of the
inverse scope interpretation, not all of the cons have a haf, the participant must find a
hatless cow. At revealing the second cup, Figure (2.7b), the participant can determine

that the inverse scope interpretation is true. Ae in IVT: epecified domain, there axe

S @000
Y4 G
#8000
R E e

Figure 2.7: IVT: Hevearze, target card

both trials where the truth conditions of the two interpretations differ (n=4), and
trials in which they are the same {n=2). Crucially, though, the verification of the two

interpretation always requires revealing a different number of cups.
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Unambigucus controls remain the same as in [VT) epecified domain, These trials,

as well as target trials, are scored according to the previously mentioned criteria.

Target and unambigucous controls are mixed in a peeudo-random order. The order
of presentation of items was counterbalanced. Two liste were created, with the second
list presenting target and control items in the reverse order of the firset list, Half of
the participants received list one, and the other half received list two. Each string
was verbally presented by the experimenter with a prosody that did not faver any

gpecific interpretation. The entire zession lasted approximately 10 minutes.

Predictions

Dur previcus results have suggested that there existe an adwvantage for surface scope
interpretations, even before dizambiguating information is encountered. Thi= con-
clusion makes the prediction that surface scope interpretations will be obtained if
it iz the first interpretation that is able to be verified.® On this experiment, if it is
the case that surface scope interpretations genuinely obtain an advantage, we predict
that participants will etop on the first cup, at approximately the same rate at which

adulte persisted to werify the surface scope interpretation in previocus experimente.

Alternatively, previous results may be explained by a desive for adults to walt
until both interpretations hawve been revealed before making a judgment. In previous
experiments, this would hawve resulted in participants refraining from judgment until
the surface scope interpretation was verifiable.” [f it i the case that participants
refrain from making a decision until all of the interpretations can be verified, then, in

this wersion, we predict that adulte will refrain from making judgments until they can

®0ur gratitude goss to Kamil Desn for pointing out this predickion and suggested remedy.
PIf this is the cass, it is mysterious why the T/F judgments given by the participant align with

the last interpretation that is wrifisble.
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verify the inverse scope interpretation. In this caze, we could expect approximately

70% inverse scope interpretations.

Participants

20 undergraduate students at the University of Marvyland, College Park, participated
in this experiment. Two participants were replaced in the design for failure to obtain
either interpretation on more than half of the target trials. Participants received either
monetary compensation or course credit for their participation. All participants were

Englich native speakers ower the age of 18,

Results

COwerall, adults obtained the inverse scope interpretation on 366% of triale. 10/20
participants cbtained surface scope interpretations on all trials. The remalining 10
participants cbtained the inverse scope interpretation on 68.3% of trials. The rates

of inverse scope interpretations on this task do not differ from [V specified domain
(t(38)=1.28, p=.21).

A total of 8 (out of 120) target items were excluded from analysis because they
could not be interpreted under either interpretation. & of these were on the first trial.

Participants cbtained the correct response on 100% of unambiguous control trials.

Discussion

The rate of inverse scope interpretations obtained in this experiment deoes not differ
significantly from the rate of inverse scope interpretations obtained in previous IVT
experiments. Therefore, it appears that swurface scope interpretations are ocbtained,

regardless of which interpretation can be verified firet., These results further confirm
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the finding that there exizte an adwvantage for surface scope interpretations before

disambiguating situational evidence iz obeerved.

2.1.6 Experiment Five: IVT: Written

In all previcus experiments, the target sentence has been werbally presented by the
experimenter. [t is possible then, that there are prosodic cues in the experimenter’s
presentation that bias the surface scope interpretation. Therefore, we must be az
sured that our results hold in the absence of any potentially disambiguating prosodic

information,

Jackendoff (1972) claimed that for strings like (52), a falling intonation conveys
a surface scope interpretation (53a), and a rising contour conveys an inverse scope

interpretation (53b).

(527 All the men didn’t eat

Y
T
a) All the men didn* eat
Y -

by All the men didn eat
(53)

Presumably, these intonation contours, if used by the experimenter, may affect in-
terpretation, under the assumption that adults can utilize prosodic information in

ambiguity resclution.

Leddon et al. (2003) presented some evidence that adulte may not produce or use
intonation contour for disambiguating scopally ambiguous strings. They presented
two experiments. In the first experiment, adults were instructed to read a storvbook

to a child that contained scopally ambiguous strings, such as (54). These strings were
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embedded in a situation which cleaxly supported either the surface scope or inversze

scope interpretation.
(54) Ewery bunny didn’t jump over the fence

Adulte did net produce an intonational contour that was predictisve of interpretation,
as compared to a proncun control, where situation was predictive of contour. In a
second experiment, Leddon et al. took samples of sentences produced from experi-
ment one that contained a clearly disambiguating intonational contour, and presented
them to adults. Adults interpreted these stringe with inverse scope interpretations
about 59% of the time, regardless of the intonational contour of the string® These
resulte suggest that adulte axe poor at using rising and falling pitch to disambiguate

scopally ambiguous strings.

Diespite this finding, it is still possible that some aspect of the experimenter’s verbal
presentation = responsible for the high number of surface scope interpretations. It
could be the case that the neutral prosody the experimenter used (as an attempt to
not bias either interpretation) could contribute to surface scope interpretations. Or,
there may be some other proscdic information {azide from the rise or fall on the last
word), not tested by Leddon et al. that leads to interpretive blazes. Finally, the data
presented by Leddon et al. was child-directed speech, so it is possible the findings

may not generalize to adult-directed speech.

[t iz important to replicate our previous results in a task where the stimuli are
presented visually, to remowe any prosodic cues. Of course, it is quite possible that
when adulte read asentence, they assign the sentence ‘silent prosody’. Foder (2002)

proposed that in reading experiments, the parser fawvors the syntactic analveis that

#Motics, these results suggest the bias toward interpreting scopelly smbiguous strings with the

inwerss scope interpret ation i= not a= strong a=s found by Musoline et al. (2000).
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ie associated with the most natural proscdic contour of the string. In this way, the
silent proscdy assigned to the string can influence ambiguity resclution. For the
case of ecope ambiguity resclution, we must consider what the most natural prosodic
contour of the string i=. There seern to be two poesibilities. [t may be the case that
the natural contour i= the one associated with the meoet commeon interpretation used
in conversation, that is, the inverse acope interpretation. Alternatively, if the results
by Leddon et al. are informatiwve, it may be the caze that there iz no ‘natural’ prosody,
as adults appear able to associate either interpretation to an intonational contour. In
any case, there i= no reason to believe that the silent prosody of scopally ambiguous
strings iz the one associated with surface scope interpretations. Therefore, if in this
experiment, we continue to find an advantage for surface scope interpretations, we

can eliminate all types of prosody a2 a source of the advantage.

hlaterial: and Methodology

The cards, target sentences and unambiguous controls for this task remain the same
as used for [V epecified domain. Howewver, the stimuli were presented in a written
format., Participants were told that they would read a string, and would need to
judge whether that sentence was true or false based on information on the card. The
participants were instructed about the rules of the task the same way a= in previous
experimentz. Theyv were asked to read silently, but were not restricted from reading
aloud if thev desired. The remainder of the description of the task remaine identical

to previous experiments.

All trials are scored according to the previcusly mentioned criteria.

Target and unambiguous control items were mixed in a peeudo-random crder. The

order of presentation of items was counterbalanced. Two lists were created, with the
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second list presenting target and contrel items in the reverse order of the first list,
Half of the participants received list one, and the other half received list two. The

entire session lasted approximately 10 minutes.

FPredictions

[t it is the case that prosodic information plays little role in the participant’s inter-
pretations, then we predict that the results of this experiment would mirror that of
previcus experiments. Specifically, we predict high rates of surface scope interpreta-

tions,

Howmever, if it 1= the case that the experimenter’s prosody biases participants to-
ward surface scope interpretations, then we may expect higher rates of inverse scope

interpretations in this experiment a= compared [V epecified domalin.

Participants

10 undergraduate students at the University of Marvland, College Park, participated
in this experiment. Mo participants were excluded, Participants received either mon-
etary compensation or course credit for thelr participation. All participants were

Englich native speakers owver the age of 18,

Re:zults

Acroes all target items, participants ocbtained the inverse scope interpretation 12.7%
of the time. 2 trials were excluded from analvsis for failing to indicate either inter-

pretation. Performance on unambiguous control items was 100% correct.

These results do not differ from the results obtained in IVT: specified domain

(£(28)=-.65, p=.51).
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Discussion

In this experiment, participants cbtained low rates of inwverse scope interpretations.
This shows that, even when the stimuli are presented in a visual format, an ad-
vantage for surface scope interpretations persists. Therefore, we can be confident
that our previcus results are not a result of a prosody that biased the surface scope

interpretation.

We hawve presented a series of experiments that suggest that there exizte an ad-
vantage for surface scope interpretations, even before the situation provides disam-
biguation cues. In the next experiment, we turn to investigating how the resclution
of ecope ambiguity differs from the resclution of attachment ambiguity with respect

to the number of alternatives under consideration.

2.1.7 Experiment Six: IVT: Structural Ambiguity

We hawve claimed that this seriss of [V'] experiments demonstrates that there exists
an advantage for surface scope interpretations. This finding i= part of an inwvestigation
to pinpoint the source of the advantage for surface scope interpretations that is found
in adults, evident from thiz data, and also children, as evident in previous research.
The larger focus of our investigation i= to determine how LF parsing differs (if it
does at all) from s-structure parsing. Therefore, it I cruclal to investigate a case
of e-atructure ambiguity for comparison. Purthermore, in order to be confident that
our findings are informative about the nature of scope ambiguity (and not simply all

types of global ambiguity), we must investizate another type of global ambiguity.

Cne case of global s-structure ambiguity is attachment ambiguity, as in (55).
(65) Put the frog on the towel on the table
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& &

Figure 2.8: Example of Attachment Ambiguity

[n the scenario in Figure (2.8), (55) could be an instruction to take the lone frog,
and place & on the fowel that & on the table. Alternatively, the utterance could be
an instruction to pick up the frog fthat és on the towel, and place him on the table.
This construction i= a casze of global sstructure ambiguity, analogous to the scope

ambiguity case reviewed abowve.

There has been some work conducted with this construction in both adults {Tanen-
haus et al, 1995) and children (Trueswell et al, 1999}, Trueswell et al. {1999) in-
vestigated strings like (55), in either a one referent context {only one frog), or a two
referent context, as is shown in Figure (2.9). Because Trueswell et al. were inves-
tigating the effects of the number of referents on evegaze, they were investigating a

scenario in which (55) is only temporarily ambiguous.

Figure 2.9: Example from Trueswell et al. {1999)

At the point of hearing pat the frog on the fowel, the string i= ambiguous. The
string could be an instruction to fake the lome frog, and place 9 on the emptly tomwel,

Alternatively, the utterance could be a reduced relative clause, indicating the partic-
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ipant should pick up #he frog thatf iz on the fowel, and wait for an instruction about
where to place it Assoon as on the fable is heard, it iz only this second interpretation
that remains awvailable, Motice, this i= different from the globally ambiguous case we

reviewed above because there i= no picture awvaillable with o fowel on #he fable.

In an eye tracking study, Trueswell et al. found that adults were able to make
use of the two referent context (and determine that there was no unique frog, and
assume the PP must be a maodifier). Howewver, children’s eyegaze patterns suggested
that they were unable to make use of situational information to disambiguate globally

ambiguous strings.

We want to determine whether adults, with strings containing attachment ambi-
guity, select an interpretation before disambiguating information is encountered. To
test this, we created an [V'T that contained strings with PP attachment ambiguities,
as in (B6).

(661 Put the cat on the sofa on the rug

(66) &= ambiguous between an analysis treating the PP on the rug as attached to
NP (which will be called the ‘MNP-attached reading’) or VP (which will be called the

“VP-attached reading’), az shown in (57).

(671  a. [pput [y the cat] [pp on [yp the sofa [pp on the rug]]]]

b. [reput [wp the cat [z on the sofa]] [pe on the rug]]

The NP-attached PP (57a) can be paraphrazed as pick up the cat and put # on
the sofa that's on the rug, whereas the VP attached PP (57b) can be paraphrased a=
pick ap the cat that 45 on the sofa and put # on the rug. If it i=s the case that both
alternatives are asailable until the situation disambiguates, then we expect adults to

pick whichever interpretation for which there is sufficient information firat.
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Materials and hethodology

Ag with other [WTe, participants are presented with a series of cards, each card
containing four scenes that are each hidden underneath a cup. Instead of making a
truth-value judgment, participants are instructed to perform the indicated action as
soon as possible, lifting the fewest number of cups. Some of the items in the acenes
are attached with hook-and-loop tape, so that the items may be mowved in order for
the participants to conduct the required action. For the example in Figure (2.10],

both cats would be movable,

This experiment contained two conditions: the MP-attached and VP-attached con-
diticns. Acreose both conditions, for a target sentence such as (58), the first picture

ie a cat, and the second cup reveals a rug.

(58) Put the cat on the sofa on the rug

In the MP-attached condition, the MNP attached reading could be implemented on
the third cup, as in Figure (2.10). (b) reveals a sofa on a rug, so an appropriate

response i to place the lone cat on the sofa.

(a)

(b)

(c)

Figure 2.10: IVT: Syntactic Ambiguity, MP-attached Condition

The WVP-attached condition makes the VP attached reading available on the third
cup, as in Figure {2.11). (b) reveals a cat on a sofa, so an appropriate response is to

take that cat and place it on the rug.
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Figure 2.11; [V Svntactic Ambiguity, VP-attached Condition

Motice that in both conditions, the alternate interpretation can be obtained by
lifting the final cup (Figure (2.10¢) and Figure (2.11c)). This way, if a participant has
only one interpretation awailable to him/her, the participant will be able to execute

the action that corresponds to that interpretation.

Each participant received 6 target trials, 3 trials per condition. BEach participant
additionally received two warm-up trials, a= an introduction to the tazk, and four
unambigucus control trials. Unambiguous control trials were similar to the target
trials, but utilized target sentences with relative clauses that force an NP (59) or VP
(60} attachment.

(687 Put the frog that’s hanging onto a branch on the dresser

(607 Put the blue rug next to the chalr that has a cat on it

The card for (59) i= depicted in Figure (2.12).

Figure 2.12: [VT" Syntactic Ambiguity, MF-attached Filler

M

Trials were scored on both the action, and the cup the participant stopped on.
[f the action and cup number did not correspond to one of the interpretations, that

trial was not scored,
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Target and unambiguous control trials were mixed in a peeudo-random order, in-
cluding the randomization of target conditions. Order of presentation was counter-
balanced. Two liste were created, with the second list presenting target and control
itermns in the reverse order of the first list. Half of the participants received list one,
and the other half received list two. Bach string was werbally presented by the exper-
imenter with a prosody that did not fawor either interpretation. The entire session

lasted approximately 15 minutes,

FPredictions

[t the IV¥T, as a taszk, restricts participants from considering two interpretations,
then we expect participants to obtain one interpretation across conditions, That is,

condition would not correlate with the participant’s interpretation.

[f it iz the case that the early disambiguation that we hawve seen in previous exper-
iments i= specific to scope ambiguity, then we mayv expect that with other tvpes of
global ambiguity, both interpretations remain avallable until asituational disambigua-
tion point. Therefore, in an [V where two interpretations are ultimately awvallable,
we predict that adulte will stop at whichever interpretation that i= awvailable to be
implemented first. We expect the condition to be highly predictive of the reading ob-
tained by the participant. That is, in the VP-attached condition, we expect adults to
pick up the cat on the sofa, but in the MNP-attached condition, we expect participants

to pick up the lone cat.

Participants

20 undergraduate students at the University of Marvland, College Park, participated
in this experiment. Mo participante were excluded from analysis. Participants re-

ceived either monetary compensation or course credit for their participation. All
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participants were English native speakers owver the age of 18,

Rezults

We find that condition is highly predictive of interpretation. For each condition, we
calculate the % MNP attached readings. In the NP-attached condition, participants
obtain 87% NP attached readings. In the VP-attached condition, adults obtain 21%
NP attached readings, a significant difference betwseen conditions (t(19)=7.36, p <
001}, Therefore, the condition i=s highly predictive of the interpretation obtained
by the participant. Only 4/20 participants cbtained the same interpretation across
conditions. Five trials were excluded from analyzis due to fallure to unambiguously
correspond to either interpretation. These are divided as follows., On one trial, the
participant took the cat that was already on the sofa, and mowved it to the other
sofa. On four trials, participants made ‘hopping errors’: taking the lone cat, moving
it to the sofa, then mowving it to the lone rug. 3 of these responses came from one
participant. These types of errors hawve been noted in children as well {Trueswell

et al., 1999},

Un unambiguous controls, participants performed the proper mowvement, while stop-

ping at the appropriate cup, 100% of the time.

Dizscussion

In this experiment, we found that the condition was highly predictive of interpre
tation. This suggests that both of the alternative s-structure representations of the
target sentence are malintained until the disambiguation point, as participants are
able to obtain either interpretation depending on the crder of presentation of the

pictures.
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Thizs result suggests that cur findings concerning ecopally ambiguous strings are
unigque to LEF ambiguity. We can be confident that the [VT i= capable of showing the
dual maintenance of alternatives, and this dual maintenance of alternatives does not
arise when participants encounter scopally ambiguous strings. Therefore, we conclude
that there exists an advantage for surface scope interpretations in scopally ambiguous

strings.

2.1.8 Experiment Seven: Speeded Forced Choice Task

Thus far, we hawve shown that within the IVT, adults obtaln mainly surface scope
interpretations. These resulte hawve led us to suggest that there existe an adwvantage
for surface scope interpretations at some stage of processing. [n conversation, adults
prefer the inverse scope interpretation of etrings with a subject universzal quantifier
and negation, so we infer that adults are able to make use of discourse information
to revise their initial interpretation. Heowewer, in the VT, there is a lack of rich
discourse information, and therefore, no revision cccurs. Ifit is the case that the [VT
has prevented revision, then we should be able to find ancother task in which adults
are unable to revise their initial interpretation. Assuming that the revizsion process
requires time, one may expect that a time limit on interpreting the relevant strings
may restrict an adult’s ability to revise. [f this i= the case, we will have support
that the surface scope advantage = more general than the IVT, and that surface

scope interpretations are the initial interpretation obtained. Therefore, we turn to a

speeded forced choice task,

hlaterial: and Methodology

In this experiment, participants are presented with a story, and asked to complete

a sentence by selecting an item from the story. An example completion prompt is
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shown in (1),
(61) FEwery dwazf didn’t paint the barn that’s...

The preceding situation contains two barns: one that ne dwarees painted, and one
that not all of the dwarves painted. [f the participant completes the target sentence
with the barn that none of the dwarves painted, then this i= evidence they obtained
the surface scope interpretation. [f the participant completes the target sentence with
the barn that some of the dwarwves painted, then we infer they obtalned the inverze

scope interpretation of the target sentence.

In this experiment, participants are presented with a picture on the computer
screen, as in Flgure {2.13), accompanied by an auditory explanation, below. The
participant is told that their task i= to complete a sentence about the story by choosing

between one of two alternatives.

Here, there iz a red, Blue and green dwarf, with their cans of spraypaint.
The farmer has pink spraypaint, There i= a barn that the cow lives in,
and a barn that the pig lives in. It locks like the red and blue dwarves
spraypainted the cow’s barn, but not the green dwarf. It doesn’t look like
any of the dwarves spraypainted the pig’s barn, so the farmer finished the
job.

In this case, the pig’s barn corresponds to the surface scope interpretation, because
no dwarves spraypainted it. The cow’s barn corresponds to the inverse scope interpre
tation, because not all dwarves epraypainted it. Therefore, if the participant selects
the pig’s barn a= a completion of (61), we infer they obtained the surface scope inter-
pretation of the string. [f the participant selects the cow's barn, we infer that they

obtained the inverse scope interpretation.
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Figure 2.13: Speeded Forced Cheoice task, story slide

There are three tvpes of control sentences, Control sentences either contained a
universal quantifier and no negation, as in (62), a definite article and no negation, a=s

in (83), or a definite article and negation, as in (64).

(62) Ewery kangaroo wallpapered the wall that’s ...
(63) The blue kangaroo wallpapered the wall that's ...

(64) The blue kangaroo didn't wallpaper the wall that’s ...

All types of control sentences are accompanied by a picture {an example = shown
in Figure (2.14)), and an auditory explanation, exemplified by the story prezented

below,

Here, there i= a brown, wellow and blue kangaroo, with thelr pieces of
wallpaper. The snail has grev wallpaper. There i= a red wall and a purple
wall. It locke like the brown and wvellow kangaroos wallpapered the red
wall, but not the blue kangaroco. The snail helped, too. It locks like the

brown, vellow and blue kangaroos all wallpapered the purple wall.

The presentation format remained the same as for targets, This experiment con-
taine two conditions, a speeded and a non-speeded condition. In the speeded condi-
tion, participants are told that their task is to complete a sentence about the story by

selecting from one of two pictures (by pressing either the F' or J key on the keyboard).
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Figure 2.14: Speeded Forced Cheice task, contrel slide

At the end of the story, participants are shown a screen, as in Figure (2.15), which

containe both barns, labeled according to their distinctive features.

Cow

Figure 2.15: Speeded Forced Choice task, choice slide

This slide iz presented for 1400ms, and then & replaced by a fixation point {for
7E0ms). Then, the final slide reappears, and the target sentence is played, either a=s
in (85) or (66). The target sentences were divided evenly between these two types of

prompts.

(65) Ewery dwarf didn’t spraypaint the *
(66) BEwery dwarf didn’t spraypaint the barn that belongs to the ¥
The ¥ represents a tone, Participants are told they should select the proper picture

as soon as possible after the tone, by pressing either the kev deslgnated for the left

picture or the kev designated for the right picture. The timeline is represented in
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Figure (2.18).

Figure 2.16; Speeded Forced Cholce task, presentation timeline

This condition contained 10 target and 14 contrel items: 8 with the universal
gquantifier and no negation, 3 with a definite article and no negatizn and 3 with a
definite article and negation. [tems were presented in a random crder using Pevacope.
Because the response i= a button press, no items were excluded from analvsis in this

condition,

The non-speeded condition utilized & target stimull from the speeded condition®

Participants were not presented with the final cheice slide, and were presented with
the string in (66, without 2. beep. Participants were given as much time as needed to

answer, and responded verbally to the experimenter, without a button press response.

This condition contained § target items and 3 control items (all with the univer-
sal quantifier and no negation). Each participant received cne of the two possible

presentation lists.

SThiz condition contains s different number of trisls to align with = different exparimental con-

dition, which iz presented in Seckion 4.2

79



In the non-speeded condition, responses were scored according to which “barn’ the
participant referred to. For example, the following types of responses would all be
scored as referring to the cow's barn: pointing to the cow's barn, answering “the cons
or providing a response which unambiguously referred to the cow’s barn, such as ‘#he
barn #that fwe of the dwarves painfed’. A response that did not unambigucusly refer
to either barn, as in the case of & naming error that could not be resolved, such a=

‘the horse's barn', were excluded from analvsis.

Arcrose conditions, the pictures were counterbalanced for which side of the acreen
the item consistent with the surface scope interpretation appeared on. The auditory
explanation always described the story in a counterclockwise fashion, beginning with

the characters in the upper left hand corner.

Predictions

[f it i the case that adults initially give preferential consideration to the surface scope
interpretation, and require the integration of discourse and situational information
to revise to the inverse scope interpretation, then we predict that adulte will obtain
higher rates of surface scope interpretations in the speeded condition over the non-
speeded condition. This would reflect a lack of time awailable to integrate discourse

information in a way consistent with the inverse scope interpretation.

Alternatively, it may be the case that the time constraints in the speeded condi-
tion are insufficient in preventing adults from integrating the discourse information
required to obtain inverse scope interpretations. [f this is the case, then we predict

wvery little difference between conditions.
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Participants

40 undergraduate students from the University of Maryland, College Park, partici-
pated in this experiment, with one participant replaced in the design due to less than
70% correct performance on control trials. Participants were divided into either the
speeded or non-speeded condition., Participants received either monetary compen-
sation or course credit for thelr participation. All participants were English native

speakers owver the age of 18,

Results

[n the speeded condition, adults obtained the inverse scope interpretation on 18.5%
of triale. Mo trials were excluded from analvsis. Performance on control items was

90% correct.

In the non-speeded condition, adults cbtained the inverse scope interpretation on
40% of trials. If a participant gawve both answers, this was scored as an inverse scope
interpretation, because we are investigating the adult’s ability to obtain the inverze
scope interpretation. This cccurred on two trials total. 10/20 particpants obtained
the surface scope interpretation on all trials. The remaining 10 participants obtained
the inverse scope interpretation on 88.6% of trials. No trials were excluded from

analyziz. Performance on control trials was accurate 98.3% of the time.

The two conditions are significantly different (t{38)=2.02, p = .01).

Discussion

We find that in a task that imposes time pressure on resclving ambiguity, adults obtain

largely surface scope interpretations. The results from the IVT suggested that adults
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hawe an advantage for surface scope interpretations at some stage of processing. How-
ever, because adulte adhere to inverse scope interpretations in conversation {Musclino
and Lidz, 2008), we infer that adulte must be able to revise their interpretation. For
the resulte from the [VT, we claimed that the lack of rich discourse information pre-
wvented adulte from revising. If this claim is to be more general, that is, if revision can
be prevented and adults will adhere to surface scope interpretations, then we should
hope to replicate this result in other tasks, With the speeded sentence completion
tazk, we showed that when adults must resclve a scopally ambigucus string under
time pressure, then adults adhere to the surface scope interpretation. This is in con-
trast to the non-speeded condition, presumably where adults had asailable the time
needed to revise their interpretation. This finding further supports the advantage for

surface scope interpretations in adults.

2.2 Summary

We hawve shown a series of experiments that suggest that, different from s-structure
ambiguity, adults begin to resolve scope ambiguity even before encountering disam-
biguating information. A summary of the experiments in this section (that directly

test strings containing the subject universal quantifier and negation) iz shown in Table

2.1,
Table 2.1: Summary of [VT Experiments
Experiment U | Specified | Fewverse | Written | Speeded Choice
% Inverse Scope | 22.9 211 36.68 12.7 185

On the path from hearing a string to verification, it appears that adulte only
maintain one alternative, suggesting there exists a step in the sentence comprehension

process that resolves ambiguity before situational disambiguaticon,
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Under the parsing hypothesis, these resulte are easily captured. The surface scope
interpretation is the initial interpretation obtained by the parser. The inverse scope
interpretation requires revision, and requires the precence of discourse information
to trigger this revision. In the IVT, where discourse information i= abzent, there i=
no revision to the inverse scope interpretation, and therefore, the parser resolves the
ambiguity according to its initial interpretation. The time pressure of the speeded sen-
tence completion task is another experimental way in which revizsion from the surface
scope interpretation can be prevented. That is, when time is restricted, there i= no
revision from the parser’s initial interpretation. This hypothesis can alse explain why
s-structure ambiguities are handled differently from LF ambiguities. Por example,
The PF/LF similarity version of the hypothesis posits that parsers interpret strings
rapidly, and because manyv strings are unambiguous, the parser makes the assump-
tion that subject quantifiers can be interpreted in their case positions. Therefore, the
parzer is confident committing to one interpretation, resulting in scope ambiguity be-
ing handled serially. In the case of PP attachment ambiguity, attachment preferences
are determined by lexical items, and therefore the parser cannot make such strong
predictions about the logical form based on the s-structure alone. Thus, sstructure
ambiguities may not have a strong parsing preference assoclated with the string, al-
lowing flexibility in interpretation. One plece of data remains unexplained on this
account. [n the non-speeded condition of the forced choice task, adults obtained in-
verse scope Interpretations only 50% of the time. If it is the case that surface scope
interpretations are a parsing default, this suggests that the discourse in the sentence
completion experiment forces revision 50% of the time. [t is an open question, then,
why, If inverse scope interpretations are ‘preferred’, the rate of revision in this case is

zo low,
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These rezultz can alzo be explained under the extra-linguistic hypothesiz. Hecall
that the extra-linguistic hypothesis posite that the parser makes both interpretations
equally awvailable, and that factors external to the parser are responsible for the advan-
tage for surface scope interpretations. This hypothesiz naturally explains the results
that appear mysterious under the parsing hypothesis. That iz, in a forced choice
tazk, where neither interpretation i= more supported in the dizcourse than the other,
adults are at chance with obtaining the inverse scope interpretation. This iz perfectly
described by a svstem where both interpretations are equally awailable, and in the
absence of discourse biases, both interpretations remain equally awailable for selec-
tion. The remainder of cur results follow less naturally, Here, we will put forth an
putline of an extra-linguistic hypothesis, which will be elaborated on in further detail
in subsequent chapters, Let us assume that there exists an extra-linguistic factor
that favors the surface scope interpretation (we will later argue that this factor is the
ease of verification procedure awailable). In the case where the parser makes multi-
ple interpretations equally awailable, this factor will work to select the surface scope
interpretation. In the case of the sentence completion experiment, the participant i=
involved in a rich discourse situation, so the bias toward inverse scope interpretations
in conversation mitigates this effect. Howewver, in the [VT, there s no conwversational
discourse, leaving the extra-linguistic pressures to surface scope interpretations to
arizse. Impaortantly, according to this hypothesls, the advantage for the surface scope

interpretations can be derived, and not attributed to a parser bias.

These two hyvpotheses view the nature of the parser differently. If it is the case
that there exist parsing preferences specific to scope ambiguity resclution, which do
not arise in the case of s-structure ambiguity resclution, then this suggests that the
parser treats these two types of ambiguity differently. That is, this could be taken as

evidence that the parser makes reference to s-structures and logical forms 2= different
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levels of reprecentation. Howewver, If the surface scope advantage can be described by
the extra-linguistic hypothesiz (that is, there are forces external to the parser that
are rezponsible for the selection of surface scope interpretations), then this hypothesis
leaves open the possibility that the parser handles sstructures and logical forms in

the same way.

BHecall that we began investigating the adult system as a method of determining
how the child and adult svstems are alike, We hawe found a task that restricts adults
to the surface scope interpretation. [t seems to be the case that children, genserally,
appesr restricted to the surface scope interpretation. Under the wiew that these
two obeervations are connected, we are interested in whether we hawve found a task
that allows us to mimic, in adults, the process by which children resclve scopally
ambiguous astrings. [n the next section, we investigate priming in adults, az a means
of investigating whether the same factors underlie the surface scope interpretation in

adults and children.
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Chapter 3

Priming

We hawve shown results from two tasks, the [V and the speeded forced choice task,
in which adults ocbtain high rates of surface scope interpretations. Previocus research
shows that children, at least in experimental situations, obtain high rates of surface
scope interpretations. We first investigate the degree to which the surface scope in-
terpretations ocbtained by adulte mimic the pattern we obeerve in children. [fitis the
case that we have “turned adults into children’ in ocur tasks, then we expect adults
obtaln inverse scope interpretations in the same sxperimental manipulations that al-
lowr children to obtain inverse scope interpretations. We investigate two experimental
manipulations that increase access to inverse scope interpretations in children: the
presence of a poeitive lead in sentence (Muscline and Lidzs, 2008) and priming (Viau
et al,, 2008). We show that adulte, in the IVT, cbtain higher rates of inverse scope in-
terpretations in these same experimental manipulations. Thiz suggests that the same
factor restricts adults interpretations in these tasks and children’s interpretations

generally.

mecond, we investigate the nature of priming. Previous research on priming of acope

interpretations has focused mainly on children, and centered on the investigation of
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the priming of inverse scope interpretations. We add to the investigation of priming in
two ways: one, by investigating priming effects in adults, and twe, by inwestigating the
priming of surface scope interpretations. We show that surface scope interpretations
can be primed in adults. This suggests that inverse scope interpretations hawve no
privileged status with respect to priming. In a second priming experiment, we find

that priming i= asyvmmetrical, with only dispreferred representations being primed.

3.1 Turning Adults into Children

We hawve found that in certain tasks, adulte behawve like children, in that they appear to
accezs mostly surface scope interpretations. Ultimately, we are interested in whether
children’s restrictions to surface scope interpretations reflect the initial etages of adult-
like sentence processing. That iz, to what degree do children follow an adult-like
procedure for sentence processing, but halt at an earlier point in the process¥ One way
of investigating the eimilarity between children and adults in the [VT i= tosee whether
adults in the IVT pattern in other ways like children. [f the same experimental
manipulations that assist children also allow adults to gain access to inverse scope
interpretations in the IVT, this would be evidence that the IVT imposes in adults

limitations similar to those found generally in children.

3.1.1 Experiment Eight: IVT: Preceding Sentence

Muscline and Lidz (2008) found that children obtained high rates of inverse scope in-
terpretations when the presence of negation was made felicitous in the target zentence,

as in (67).

(67) FEwery horse jumped owver the log, but every horse didn’t jump over the fence

(68) Ewery horse didn’t jump over the fence
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In a scenaric where two out of three horses jump ower the fence, children obtained
the inverse scope interpretation of (67) 60% of the time, significantly higher than
the children in the control condition, who received target sentences like (83) and
obtained the inverse scope interpretation only 15% of the time. These results are

shown in Figure (3.1).
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Figure 3.1: Positive lead-in graph from Muscline and Lidz (2008)

These results cshow that the positive lead-in sentence improwved children’s access

to the inverse scope interpretations.

[fit iz the case that the surface scope interpretations obtained by adults in the [VT
result from the same factors present in children more generally, then we may expect
this same manipulation to improve adults’ access to inverse scope interpretations.
This finding would not reveal the mechanizms underlying such interpretations, simply
that children and adults are parallel in this regard. [n this experiment, we perform an

IVT where adulte receive the same type of positive lead-in as in Muscline and Lids.

Materials and hethodology

The procedure for presentation of the [VT to the participant remains the same az all
other IVT experiments, with one minor change in directions, Participants are told
that the experimenter will utter two sentences about each card, but that their task

iz to judge the truth ffalsity of the second sentence only. The participant is told that
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the first sentence will always be true, and iz just a lead-in to the statement of interest,

In thie experiment, we used target sentences like [£3].

(69 Ewery cow has spots, but every cow doesn’t have a hat

We uzed the same cards as for IVT: specified domain. Therefore, each participant
received B IWT target trials, plus & unambigucous contrel trials. A positive lead-in
string was added to the unambiguous control items, as shown in (70), so that the

target and unambiguous contrel items remalined maximally similax.

(70} Ewery sheep = fluffy, and every sheep has a sweater.

Eoth target and unambigucous contreol items were scored according to the previous

criteria.

The order of presentation of items was counterbalanced. Twro lists were created,
with the second list precenting target and control items in the reverse order of the
first list, Half of the participants received list one, and the other half received list
two., Target sentences were presented in a neutral proscdy that did not bias either

interpretation. The entire session lasted approximately 10 minutes,

Predictions

We know that adults obtaln a high rate of surface scope interpretations in the [VT,
which we hawve suggested reflecte adults’ inability to integrate the discourse informa-
tion required to obtain an inverse scope interpretation. If it is the caze that the task
mirrors in adulte the same deficits that are generally present in children, then we
expect the existence of a positive preceding string to increase rates of inverse scope

interpretations cbtained by adults in this task.
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Alternatively, if the high rate of surface scope interpretations we obeerved in the
VT resulte from a different source than in children, then we may expect the preced-
ing sentence condition to have no effect in eliminating the difficulty associated with

obtaining inverse scope interpretations in adults.

Participants

10 undergraduate students at the University of Maryland, College Park, participated
in this experiment. Mo participante were excluded from analysis. Participants re-
ceived either monetary compensation or course credit for their participation. All

participants were English native speakere over the age of 18,

Results

[n this experiment, adults ocbtained the inverse scope interpretation in 56% of target
trials. This iz significantly higher than the percentage of inverse scope interpretations

obtained in IVT: specified domain (t{28)=240, p < .03). A total of 2 trials were

excluded from analysis due to failure to correspond to either interpretation.

Participants responded correctly on 100% of unambiguocus control trials.

Discussion

These results suggest that the contrast provided by a positive lead-in sentence also
works in the IVT to allow adulte to recover from the surface scope interpretation.
This is one piece of evidence that the factors that restrict children to surface scope
interpretations also restrict adults to surface scope interpretations in certain discourse
environments, This suggests that if we can identify the factors that encourage adults

to arrive at inverse scope interpretations, then we can also identify the limitation
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present in children. If it iz the caze that children and adults arrive at surface scope
interpretations for the same reasons, then we also predict that priming, which has
been shown to help children obtain inwverse scope interpretations in children, would

also assist adults. Let us now turn to the investigation of priming in the VT

3.1.2 Experiment Nine: IVT: Prime

We found that a positive lead-in sentence, which helpe children obtain inverse scope
interpretations, alsc aids adults in obtaining inverse scope interpretations in the VT
Another experimental manipulation that helpe children obtain inwverse scope inter-
pretations i= priming. The same logic here, holds, [f it i= the case that adults and
children are both aided by priming, then this i= strong evidence we are tapping into

the same mechani=sm.,

Viau et al. (2008) found that strings of the form in (71) prime the inverse scope
interpretation ofstrings like (72) in children. Without priming, children obtain mostly

surface scope interpretations of sentences like {72).

(71) Mot every bug hid behind the tree

(72) Ewery bug didn’t hide behind the tree

Viau et al. tested two groups of children., The firet group was presented with
6 triale of sentences like {72), with appropriate fillers. In this condition, children
obtained the inverse scope interpretation 22.25% of the time on the first three trials,
and 38.8% of the time on the last three trials, The second group of children had 3
sentences of the form (71}, followed by 3 zentences of the form (72). In thiz condition,
children obtained mot every interpretations 83.3% of the time in the first three trials.
[n the last three trials, children ocbtained the inverse scope interpretation 30.538% of

the time. The asymmetry between inverse scope interpretations obtained on the last
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three trials between conditions demonstrates a strong priming effect. These results

are shown in Figure (3.2).
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Figure 3.2: Prime graph from Viau et al. (2008)

[t appears that a string which unambiguously leads children to accept the not
epery interpretation alsc helps them access this same scope relation even when the

string i= no longer unambigucus.

ziven that adulte cbtain a high proportion of surface scope interpretations in the
[VT, we want to determine whether priming assists adults in cbtaining inverse scope
interpretations. If so, this i= another piece of evidence that the pressures underlying
the advantage for surface scope interpretations are the same in children (generally)
and adults (in the [VT and speeded forced cholze task). This finding, would allow us
to make further investigations into the commeon factors in children and adults that

lead to the advantage for surface scope interpretations.

Materials and hethodology

We designed an [VT to test the effects of priming on interpretation. The experimental

procedure iz identical to that used in previous [VT experiments.

This experiment contained 9 target items. The cards were designed in the style

of IVWT" universal quantifier, where the guantified subject iz hidden underneath the
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cup.l The first and last three target items are of the form ewery r dossn.., == in
previous [VT experiments, and az in (72). The middle three items were of the form
not every r ..., a5 shown in (71). This experimental design allowed us to obtain
both a baseline measure of the adult’s performance in the IVT (the first three items)
and a measure of how this performance is effected after the prime (the last three
items). This experiment contained the same style of unambiguous contrels az in IVT:

specified domain, with 4 ewery sentences and 4 zome sentences.

All target and unambiguous controls were scored under the same criteria az previous
experiments. Furthermore, for the not every trials, the expected response was to stop
on the firet cup, as it would be true that not all of the items had the specified
property. However, some participants wanted to werify the implicature net none.

These responses are coded.

The order of presentation of items was counterbalanced. Two lists were created,
with the second list precenting target and control items in the reverse order of the
first list, Half of the participants recelved list cne, and the other half received list
two, Each sentence was verbally presented by the experimenter with a prosody that
did not favor anv specific interpretation. The entire session lasted approximately 10

minutes,

Participants

20 undergraduate students at the University of Marvland, College Park, participated
in this experiment. Mo participante were excluded from analysis. Participants re-
ceived either monetary compensation or course credit for their participation. All

participants were English native speakers over the age of 18,

! The experiment was designed this way for chronologicsl ressons, not for methodelogicsl ressons.
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Recults

First, we can look at the first three target items, which are scopally ambiguous strings
before the prime. Here, adults obtain the inverse scope interpretation 21% of the time.

These rezults are consistent with previous IVT results.

The last three target items are scopally ambiguous strings that ccour after the
prime. Here, adults obtain the inverse scope interpretation 43.3% of the time. Per-
formance on these three trialsisstatistically different from the first three trials (t{19)=

-2.73, p=.013). These results are shown in Figure (3.3).
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Figure 3.3: IVT: Prime, percent inverse scope by trial

A total of three items were excluded from analysis due to non-correspondence

with any interpretation.

Of BY total met every trials, participante stopped on the first cup and =aid ‘true’
82% of the time (47 trials). There were 10 trials in which participante gave non-ideal
responses. T'hese are divided as follows. 1 trial was excluded for falling to indicate
any peoesible interpretation (subject error). On two trials, the participant persisted
to the last cup. On 7 trials, the participant turned over a second cup, and stopped.
All except one participant had at least one ideal response to a not every trial, These

seven trials are within the cne-cup leniency afforded to target trials.
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Arcrose all unambiguous control trials, participants etopped on the appropriate cup

on 100% of the time.

Discussion

We can conclude that net ewery sentences prime the inverse scope interpretation of
scopally ambiguous strings containing the universal quantifier and negation. This
finding i= consistent with the child results. This serves as another piece of evidence

that the limitations caused by the VT mirror children’s owerall limitations.

Additionally, the net every trials allowed us to verify the wvalidity of an assumption
implicit in the [VT. We hawve assumed that if an adult obtains the inwverse scope
interpretation, they will stop on the firet cup. I it 1= the caze that adults cbtaln the
inverse scope interpretation, but persist bevond the firet cup, then cur conclusions
regarding the advantage for surface scope interpretations would be undermined. The
not every trials require the same response as obtaining inverse scope interpretations,
and participants stop on the first cup on 82% of trials, even on the strictest scoring
criterion. When we score according to the one-cup lenlency criteria used for all target
items, then participants provide the expected response on % of trials. This confirms
our azsumption that cbtaining the inverse scope interpretation results in the behawior

of etopping on the first cup.

3.1.3 Intermediate Conclusions on the IVT

We hawve reviewsd two experiments in which children obtain inverse scope interpre
tations with sentences with a universally quantified subject and negation. We found
that these same experimental manipulations increased access to inverse scope inter-

pretations for adulte in the IVT. This suggeste that the same mechanizems underlie
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adults’ and children’s limitations in obtalning inwverse scope.

These resulte do not raise anv nowel questions, but there i= one i=sue from the
child literature that should be taken up here. It i= an open question why not every
sentences prime the inverse scope interpretation of every r dédn’fsentences. [t = true
that both the nof every sentences and the inverse scope interpretation of a scopally
ambiguous string have the same logical form. But thiz i= not a trivial description
of priming. That iz, one formulation of priming = that priming acte on a FF—=LF
process, requiring identical forms of FFs. Howewver, these results suggest that this
iz not the case, a= the nof ewery sentences are of a different phonclogical form from
the scopally ambiguous strings. Therefore, it must be the case that priming occcurs
over the logical form reprezentation. [t seems that in this case, priming cccurs over
reprecentations, as the met = epery scope relation i= what = primed. Any account
of priming that appeals to procedures (such as priming the cperation of Quantifier
Lowering) will fail to account for this data, because the net every sentences will not
undergo this operation. In the next section, we turn to an investigation of the nature

of priming.

3.2 On the Nature of Priming

iZiven a sentence with two interpretations, there are two prerequisites for the appear-
ance of priming effects. Pirst, one needs a prime sentence that effectively vields a
given interpretation. In the previcus experiment, neot every sentences, which reliably
obtained meoif epery interpretations, served a= prime sentences. Second, the interpre
tation that one iz attempting to prime cannot be at ceiling in the task one i= testing.
That is, one could not prime inverse scope interpretations in adults in a TVIT be-

cause adults already obtain 09% inverse scope interpretations. In this casze, we cannot
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make a deep claim about the nature of priming, but simply that ceiling effects cbecure

the awailability of priming.

Previous rezearch has shown that inverse scope interpretations can be primed in
English-speaking children. The priming of other interpretations and with other age
groupe has not been tested due to the unawailability of one or both of the prereg-
uisites mentioned above. We hawe been unable to test the priming of surface scope
interpretations in children because rates of acceptance ofsurface scope interpretations
are already at ceiling. In adults, we have been unable to test the priming of inverze
scope interpretations for the same reason. Finally, we hawve been unable to test the
priming of surface scope interpretations in adults because we hawve lacked a suitable

prime that guarantess access to the surface scope interpretation.

(Ziven our previcus inability to test these priming possibilities, let us cutline thres
possible conclusions we might draw from the child data, One, we might conclude that
any interpretation can be primed, and cur fallure to observe priming across the full
range of interpretations is due to the absence of the proper constructions to test these
effects. T'wo, we may conclude that only non-initial interpretations (such as inverse
scope) can be primed. For this hypothesis to be the case, we must assume that the
surface scope interpretation is the first interpretation cbtained, and that obtalning
the inverse scope interpretation requires revizion. Third, we may conclude that LE
priming behawes like lexical and s-structure priming, where i= has been suggested
that dispreferred interpretations display stronger priming effects {Scarborough, 1977
Ferreira, 2003). In the case of scope ambiguilty, we may predict that because children
prefer surface scope interpretations, only inverse scope interpretations can be primed.
Adulte, who prefer inverse scope interpretations can be primed only by surface scope

interpretations.
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With respect to the third hypothesis, it cannot be the case that priming occurs
only when the prime i= dispreferred with respect to the participant’s general prefer-
ence, We have shown in VT prime that adults, in the IVT, can be primed with
the inversze scope interpretation. This argues against the idea that a person’s general
preference is the only information taken into consideration for calculating the dispre
ferred representation. Therefore, let us revise this hypothesis to state that the prime
must be dispreferred with respect to the preceding environment, In the case of VT
prime, the prime occcurred after [VT trials, in which surface scope interpretations
are preferred. Therefore, inverse scope priming can obtain. In the absence of an
experimental preceding environment, the participant’s general preference is used a=
the preceding environment. Becausze this is a delicate notion, let us draw an analogy
to explain it. Priming effects, under this hypothesis, basically cccur when something
noticeably different happens with regards to interpretation. We can intuit this claim
by appealing to our judement of temperature conditions. For example, a person from
IMiami i= likely to judge B0 degrees a= chilly. However, we know that one’s general
experience with temperature (thelr ‘preceding environment') does not solely deter-
mine our weather judgments. If this same person from Miami spends a week in the
msouth Pole, then they are less likely to judge a subsequent 50 degree temperature as
cold, That is, the short-term experience becomes used for calculating the ‘preceding
environment’ by which surprise i= measured. We claim that the same i the caze,

here,

Previous results do little to inform us about the nature of priming, leaving us with
a. number of open hypotheses. Birst, we will review an experiment that circumvents
the problem concerning the priming of surface scope interpretations in children, MNext,

we will mowve to our own inwvestigation of priming effects in adulte.
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We hawve seen how, in English, we are unable to prime surface scope interpretations
in children due to ceiling effecte. Lidz and Conroy (2007) tested priming in children
who speak Kannada, a language which provides constructions that eliminate these
obstacles, We presented children with strings that contained negation and a number
in object position, as shown in (73], in a TVJT. This construction allows the same
ambiguity a= in English, either # is nof the case that he peeled fwo apples or fhere
are fwo apples that he foiled fo peel. Also similar to English, children prefer surface
scope interpretations of strings like (73) in this task (Lidz and Muscling, 2002). The

s-structure for the string in (73) is shown in (74).

(73) awvanu eraDu seebu orey-al-illa
he two  apple pesl-infneg

‘He didn’t peel two apples’
[P

he MegP

N

VP Meg

NP V!

/N

(74) two apples peel

(75) avanuli  seebu-gal-alli eradu orev-al-illa
he prox apple-plloc two  peelinfneg

‘He didn’t peel two from these apples’

With zentences like (73) (which we will call the zero-morpheme zentence, as the
direct object contains no case morphemes), children cbtained inverse scope interpre
tations 22.5% of the time. With the partitive construction (where the direct object
iz marked with a partitive morpheme), as shown in (75), children obtain the inverse
scope interpretation 91.7% of the time. These constructions allow the perfect op-

portunity for the testing of priming, because we have both requisite tyvpes of prime
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sentences, and hawve eliminated ceiling effects. If it i= the caze that priming can act
on any interpretation, then we would predict that getting the partitive sentence first
would increase inverse scope interpretations in the zero-morpheme case, and getting
the zero-morpheme sentence firet would increase surface scope interpretations for the

par titive,

We tested 40 children, split into two conditions: Partitive-firet and Zero-first, [n the
Zero-firet condition, children received 3 zero-morpheme target sentences followed by 3
partitive sentences. [n the Partitive-first condition, children received 3 partitive target
sentences followed by 3 zero-morpheme sentences. The children in the Partitive
first condition showed an effect of priming, obtaining a higher rate of inverse scope
interpretations in the zero-morpheme caze than contrels (93.2% ve. 22.5%). However,
children in the Zero-first condition showed no evidence of surface scope priming when
they recelved the partitive sentences. The 16.5% rate of inverse scope interpretations

iz similar to the control condition. These resulte are cshown in Figure (3.4).

Percent Acce ptance, by Condition
Kannada-Speaking Childran
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Faritive First  ZeroFirst
Conditlon

Figure 34: Kannada-prime graph, from Lidz and Conroy {2007)

These results suggest that priming, in children, is asymmetric. This finding bears
on our current hyvpotheses. Hecall, our firat hypothesis was that priming occurred

for anv construction, regardless of preference, but that this obeervation was obecured
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by ceiling effects. The Kannada case eliminated the ceiling effects, and found that
only the inverse scope interpretation could be primed. These results are consistent
with either of the two remaining priming hypothesis. [t may be the caze that only
non-initial interpretations can be primed or that only dispreferred interpretations
(the inverse scope interpretation for children, compared to their general surface scope

preference) can be primed. Let us now turn to adults.

3.2.1 Experiment Ten: IVT: TVJT

In this experiment, we investigate the existence of a priming relation betwesn the in-
terpretations in the [VT, a task which induces surface scope interpretations in adults,
and the interpretations in the TV JIT, a task in which adults obtain only inverse scope
interpretations. The [VT provides us with a surface scope prime sentence for adults,
g0 we can test whether there exists an asvmmetry in the priming of interpretations in
adults. We find that onlv surface scope interpretations show an effect of priming, sug-
gesting that only dispreferred interpretations relative to the preceding environment

can be primed.

Bbaterials: and Methodology

In this experiment, we used a within-subjects design, with an [VT condition and a
TV IT condition. Adults were introduced to the tasks as separate tasks., The [VT
was introduced to the participant as in previcus [VT experiments. In the TVIT
condition, participants were told that they would watch a story, and at the end of
the story, a puppet would attempt to describe what happened, but that the puppet
may be right or wrong. Participante were told that their task was to tell the puppet

whether it was right or wrong about ite description of the story.
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The IVT condition contained the & target items and 5 unambiguous control items
from [VT: epecified domain, The TV IT condition contained 3 target items, as axem-

plified in (76} (the final scene is pictured in Figure {(3.5)), and one filler item.

(76) Ewery girl didn’t catch a turtle

Figure 3.5 IVT: TVIT, TVIT example story

The story preceding the target sentence in (7§) followed the design in Muscline
et al. {2000}, and i= shown below.

In this story, there are three girls, who each consider catching snakes.
They decide the snakes are too scary, and decide to catch some turtles
from the pond. Each of the firet two girle succeed in catching a turtle, but

the third gir]l realizes that she can’t ewim, and does not catch a turtle,

[n this story, the surface scope interpretation of (76), none of the girls canght a turtle,
i= made possible when the three girle consider catching snakes. This interpretation
i= made false when the two girls catch turtles, When the third girl fails to catch a
turtle, the inverse scope interpretation of (78), not all of the givls caught a furtle, i=

made true,
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The filler sentence followed a story of the same format, and could be altered dy-
namically by the experimenter to be either true or false, so that in the task, adults
received a variety of true and false sentences. An example of a true filler sentence is
shown in (77), and an example of a false filler sentence = shown in (78) for the story

shown above,

(77) Some girls caught a turtle

(781 All gitls caught a turtle

Target and filler items were presented in a peeudo-random order. Each sentence
was verbally presented by the experimenter with a prosody that did not fawvor any

specific interpretation.

Half of the participants received the [VT condition first, and the other half received

the TV JT condition first., The entire session lasted approximately 15 minutes,

Predictions

The first hypothesiz is that only non-initial interpretations can be primed. Because
inverse scope interpretations require revision, this hyvpothesls predicts that only in-
verse scope interpretations can be primed. This account iz most easily viewed as
priming the revision procedure, That is, if it is the case that a participant gains ex-
perience revising their initial interpretation, then that revision i=s more likely to ccour

in subsequent analyses.® In this case, we expect inverse scope priming in conditions

“This hypothesis relies on the parsing hypothesis for the adwntage for surface scope interpre-
Laticns, which posits thak surface scope inkerpretations are inikisl interpretations. If it is not the
cazz Lthat the inverse scope interpretation requires revizion to obtain, then the prerequisite for this
hypothezis would net be met. Theat is, if it iz the cass that the parssr males both interpretations
equally available and ebtamnmg the inverss scope mtarpretation is the result of using discourss in-

formation to sdeck thab interpretation, then there is no way in which the process of revision from
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when the [VT followe the TVIT, but we do not expect surface scope priming when
the TV IT follows the [VT.

The second hyvpothesis 1= that only dispreferred interpretations can be primed, in
an analog to what = found for lexical and s-structure priming. Recall that we must
claim that the notion of *dispreferred’ must be calculated with respect to the preced-
ing environment. Because the prime occcure at the beginning of the experiment, we
posit that adulte’ general preference, for inwverse scope interpretations, will determine
the preceding environment. [f it is the case that priming cccurs only when the primed
interpretation differs from the interpretation in the preceding environment, then we
predict priming for surface scope interpretations, but not for inverse scope interpre
tations. More specifically, we predict no inverse scope priming when the [VT follows

the TV IT, but surface scope priming when the TVIT follows the [VT.

Participants

21 undergraduate students at the University of Maryland, College Park, participated
in this experiment. Mo participante were excluded from analysis. Participants re-
ceived either monetary compensation or course credit for thelr participation. All

participants were English native speakers over the age of 18,

Results

Firat, we can look at the target items presented in the first condition to the partici-
pants, The participants who received the IVT first obtained inverse scope interpreta-
tions 33.3% of the time. This is consistent with previous experiments in the VT, The
participants who received the TVIT first cbtalned the inverse scope interpretation

06.6% of the time. This &= consistent with previcus results reported in the literature.

the surface scope inkerpretation could be primed.
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Mow let us turn to the investigation of the effects of priming. The participants
who were given the TVIT first obtained the inverse scope interpretation in 8.4% of
the VT trials. The participants who were given the IVT first obtained the inwverze
scope interpretation 72.7% of the time in the TV JT trials. These results are shown

in Figure {3.6).
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Task

Figure 3.8 [V TV T, graph of results

These peorcentages were entered intoc a mixed ANOVA with two factors: task
(IVT ws. TWIT, within-subjects) x task-order ([VT-first ws. TV IT-first, between-
subjects). We found a main effect of task (F(1,19)=8.09, p=.007), but not of task-
order (F(1,19)=.45, p=.50), and asignificant interaction between the two (F({1,19)=7.19,
p=.01). Planned comparizons revealed a marginally significant difference between
rates of inverse scope obtained in the TVJT between the two orders (t{19)= 1.87,

p=.075), but not in the VT between orders (t{19)=1.60, p=.124).

Across all contrel trials on the [VT and filler trials on the TVIT, participants
obtained the correct answer 100% of the time. Across all IVT targets, 1 trial was
excluded from analysis due to failure to correspond to either interpretation. Mo TVIT

trials were excluded from analysis.
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Discussion

We found an effect of order on the rates of inverse scope obtained on the TV IT, but
not on the [VT. [t appears that obtaining surface scope interpretations on the [VT
increased rates of surface scope interpretations on the TWIT. However, cbtaining in-
verze scope interpretations on the TWVIT did not lead to increased rates of inwverse
scope Interpretations on the IVT? We conclude that there i= a priming effect for
surface scope interpretations in this experiment, but not for inverse scope interpreta-

tions.

Let uz review our hypotheses, [fit were the case that only non-initial interpretations
were primable, then we predicted only the priming of inverse scope interpretations.
This prediction was not borne cut. The second hypothesis was that only dispreferred
interpretations with respect to the preceding environment could be primed, which
predicted priming only for surface scope interpretations. This prediction was borne
out. We found surface scope priming when the IVT cccurred first {when the preceding
environment was the participant’s inverse scope preference), but no priming for inverse
scope interpretations when the TV IT came first, Crucially, we found no priming of the
inverse scope interpretation when the preceding environment was composed of inverse
scope interpretations (the adults’ general preference). Therefore, it appears that
priming onlv ocours when the prime differs in interpretation from the interpretations
obtained in the preceding environment. This finding, although seemingly surprising,
makes sense considering what we know about priming in other linguistic demains and
in the context of our weather analogy: a temperature is likelvy to be surprising only

when it differs greatly from wvour mest recent experience,

"In fact, it sppesrs to have lead to o marginel decresss of rates of inwerss swope interpretations
in the IVT. We hawe no explanation for this finding.
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Let us summarize our findings to this point to recap how this hypothesis accounts
for the reculte seen so far. Children, who obtain surface scope interpretations, show
effecte of the priming of inverse scope interpretations, but not surface scope inter-
pretations. Adults, who generally prefer inverse scope interpretations, display the
priming of surface scope interpretations, but not of inverse scope interpretations. In
a. tazk where adults’ preceding environment iz set to surface scope interpretations (by
the nature of the [VT), inverse scope interpretations can be primed. These results

are summarized in Table 3.1,

Table 3.1: Summary of Priming Experiments

Children

Task | Preceding Prime Result

Environment
TVIT | surface not every inverse ccope priming
TV IT | surface Partitive inverse scope priming
TVIT | surface Zero-morpheme | no surface scope priming

Adults

Tazk | Preceding FPrime Besult

Environment
VT surface not epery inverse scope priming
VT inverse TVIT no inverse scope priming
TVIT | inverze IVT surface scope priming

For each caze, priming ccours when the prime is dispreferred with respect to the
interpretations cbtalned in the preceding environment. These findings lend insight
into the nature of LF priming, which could be obtained only by utilizing a nowvel task

which allows adults to obtaln surface scope interpretations.

a.2.2 Experiment Eleven: IVT: Revized Prime

Arcrogs all priming experiments, we observe a generalization that dispreferred interpre-
tations can be primed, with respect to the interpretations obtained in the preceding

environment, which iz either the participant’s general preference, or an interpretation
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obtained in a recent experiment. [V prime i= a unique priming experiment, because
it iz the only experiment where the preceding environment differs from the partici-
pant’s general preference. VT prime was designed so that the participant received
4 ambiguous target sentences, followed by 3 met? ewery sentences and then 3 more
ambiguous target sentences. That iz, adulte generally prefer inverse scope interpreta-
tiong, but the first three trials of the experiment *set’ the preceding environment to a
surface scope preference. We found effects of inverse scope priming in the last three
trials, as compared to the first three trials. If it is the case that an adult’s dispreferred
interpretation i& calculated (for priming) with respect to the interpretations obtained
in the preceding environment, it may be the case that the firet 3 ambiguous trials, in

which surface scope interpretations obtain, are driving the priming effect.

In this experiment, we determine whether adults must experience [VT trialz in
order for the not epery sentences to serve a2 a prime in [VT) prime. If cur analysis
ie correct, then it must be the case that the firet three trials are driving the priming
effect. We do in fact find that the presence of the firet three trials is responsible for the
priming effect, suggesting that we can be confident in our formulation of ‘preceding
environment’, and the cbeervation that only interpretations that are dispreferred with

respect to the preceding environment can be primed.

baterial: and Methodology

The procedure and description of the task to participants remains identical to previous

[VT experiments.

In this tazk, participants were presented with the same cards as [WVT: specified
domalin. The firat three target sentences are not ewery targets, as in (79). The second

three targete are ewery not targets, as in (80).
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(797 Mot every princess haz a crown

(80) Ewery frog doesn't have a fly

Unambigucus contrel trials remain the same as in IVT" specified domain.

All target and unambiguous control trials are scored identically to previous exper-

iments.

Target and control items were mixed in a peeudo-random order. The order of pre-
sentation of items was counterbalanced, although the first three items were always of
the form shown in (79). Two lists were created, with the second list prezenting target
and control itemes in the reverse order of the firet list, Half of the participants received
list one, and the other half received list two. Bach sentence was verbally presented by
the experimenter with a prosody that did not favor any specific interpretation. The

entire session lasted approximately 10 minutes.

Predictions

The analysis of priming that we have presented thus far predicts that priming effects
only oceour when the interpretation one obtaine is different than interpretations that
hawe been recently experienced. In general, one’s sxperience is used for the calculation
of the preceding environment. However, on the basiz of results from VT prime, we
hawe argued that the preceding environment iz insufficient, and that interpretations
obtained in a recent experiment can be used for the calculation. If this s the caze
(that the first three trials of IVT: prime are required to set the preceding environment
to surface scope), then we predict that in this experiment, there will be no difference
between the last three trials and the last three trials in [VT: specified domain {(which

contained no prime).
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Alternatively, it may be the case that the inwverse scope interpretations obtained
in TWJIT trials and mnof epery triale are not the same, and a2 a result, may not
behawve in the same way as primes. Not every sentences unambigucusly lead an
adult to the logical form associated with inverse scope interpretations of ewmery r
dian'? strings. The TWJT relies on the Principle of Charity, the assumption that an
adult will assent to a true statement if awailable, for adults to select inverse scope
interpretations. Howewer, it is still the case that adults are selecting one interpretation
of a. scopally ambiguous string. It may be the case then, that net epery sentences cause
stronger priming effects than a TV JT. [f this is the case, then it may be possible that
guaranteed inverse scope interpretations obtained with not every sentences differ from
the adults’ interpretations obtained in the preceding environment (that is, general
conversation). This hypothesis predicts that removing the first three ambiguous trials
will hawe no effect, because the net svery sentences still force one to obtaln inverse

scope interpretations, causing a priming effect,

Farticipants

20 undergraduate students at the University of Maxvland, College Park, participated
in this experiment, with 3 replaced in the design. Two participants were replaced
because half of their answers did not correspond to either interpretation, and 1 for
litting cupe before the completion of the target sentence. Participants received either
monetary compensation or course credit for their participation. All participants were

Einglish native speakers over the age of 18,

Results

Arcroes the last three target trials, participants obtained the inverse scope interpreta-
tion on 42% of the trials. This is not significantly different from the rate of inverse

scope interpretations on the last three trials of [VT: zpecified domain (t{38)=1.57,

110



p=.123). One trial waz excluded from analysiz for not aligning with any interpreta-
tion. The appropriate response was obtained on 75% of not every trials. The majority
of these errorzs (10/15) were on the first trial. Performance on unambiguous control

itermns waz 100% correct.

Discussion

The rate of inwerse scope interpretations obtained in this experiment do not differ
from the rate of inverse scope interpretatione obtained in IV specified domain.
Therefore, it appears when the first three triale were removed from VT prime, the

neof epery sentences no longer created a priming effect.

These results further solidify cur obeervation that priming cocurs when a prime 1=
a dispreferred interpretation. Furthermore, we found that the notion of ‘disprefered’
ie usually calculated with respect to a participant’s general preference, but that this
preference can be overridden in an experimental situation. That i=, the preceding
environment must differ from the interpretation obtained by the prime in crder to

create priming effects,

3.2.3 Conclusions on Priming

We primarily are interested in the degree to which the IVT in adults mimics the
behavior obeerved in children. Therefore, we investigated whether techniques that
worked to increase inwverse scope Interpretations in children work the same way in
adults, Firat, we found that the presence of a positive lead-in sentence worked in
adults to increase inverse scope interpretations, just as in children. Second, we found
that net every sentences prime inverse scope interpretations, as well. These two

findings show that adults are aided by the same mechanisms as children, suggesting
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that the [V may be tapping into the same limiting capacities found generally in
children.

The priming results raised additional questions concerning the nature of prim-
ing. Previously, we hawe been unable to test the relative priming of surface scope
interpretations in adults because we have lacked the ability to obtain surface scope
interpretations toserve as a prime. The [V'T affords ue a unique ocpportunity, because
it reliably allows adults to obtain surface scope interpretations. By combining the
IVT and the TVIT, we found that surface scope interpretations can be primed in
adulte. We conclude that LF priming mirrors lexical and s-structure priming in that
LF priming occurs only with interpretations that are dispreferred, relative to the in-
terpretations obtained in the preceding environment. [n children, who prefer surface
scope interpretations, we observe inverse scope priming, but not surface scope prim-
ing. In adults, in a task where adults hawve exposure to surface scope interpretations

in the preceding environment {the IVT), we observe inverse scope priming.

This chapter lends motivation to studying children and adults in a unified way.
BRecall that cur ultimate goal is to determine the nature of LF parsing, by investigating
scopal ambiguity resclution in detall. In the next chapter, we will turn to investigating
the processes underlying the interpretation of scopally ambiguous strings in children

and adults,
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Chapter 4

Interpreting Scope Ambiguity

[n chapter 2, we confirmed that an advantage for surface scope interpretations helds
in adulte for sentences contalning a universally quantified subject and negation. We
also know that adulte usually interpret these sentences with inverse scope interpre
tations in conversation (Muscline and Lidz, 2008). Together, these findings suggest
that although there is an advantage for surface scope interpretations at cne point
in the comprehension process, this advantage can be overridden by the integration
of discourse information., That is, in a situation where the Inverse scope interpreta-
tion of a scopally ambigucus string is true, adults integrate the required discourse

information and revize their interpretation to obtain the inverse scope interpretation.

In this chapter, we investigate children’s interpretations of scopally ambiguous
strings. Previous research provides mixed evidence concerning children’s abilities
to obtain inverse scope interpretations, with many studies finding that children show
difficulty with accessing inverse scope interpretations at adult-like levels {Musoline
et al,, 2000; Lidz and Muscling, 2002; Musoline and Lids, 2006). These findings are
in contrast to those that find that children readily obtaln inverse scope interpreta-

tlons (Gualmini, 2004; Gualmini et al,, 2005; Hulsey et al,, 2004). Because we are
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attempting to identify the nature of the parser by viewing data from both children
and adults, it i= crucial to determine children’s abilities with reepect to ambiguity
recolution. We firet supggest that previous experiments, that on the surface appear
contradictory, actually prezent different timepoints of the same phenomenon. A re-
view of this literature reveals that experimente test different age groupe of children.
We therefore perform an experiment testing children’s interpretations of scopally am-
biguous strings across a wide age range. In this domain, we find that children exhibit
U-shaped dewelopment, with 4 vear clds cbtalning inverse scope interpretations, B
vear olds obtaining surface scope interpretations, and adults obtaining inverse scope
interpretations. This finding explains the previcusly conflicting findings of experi-

ments testing children’s abilities to access inverse scope interpretations.

We suggest that this U-shaped development can be described by a two-stage mat-
uration of children’s language processing capabilities. PFirst, children acquire the
adult-like advantage for surface scope interpretations. Second, children acquire the
ability to revise their interpretation according to discourse information. To support
this claim, we must show that children are unable to utilize situational information in
the obtaining of an interpretation, but that adulte do so. We precent an experiment
using both asentence completion tazk and a TVIT, two tasks which precent different
experimental influences on interpretation. We find that although adults’ interpreta-
tions vary according to task, children’s do not. This finding is evidence that children’s

interpretations are not affected by discourse information in the same way as adults’.

These findings allow us to further identify the differsnces between children and
adulte with respect to LF amblguity resclution, and also to pinpoint the procedures

that are utilized when adulte process scopally ambiguous sentences.
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4.1 Revisiting the Isomorphism Effect in Children

ziven that children appear to differ from adults in this demalin, we would like to know
how the isomorphism effect can inform ocur understanding of the developing parser,
the developing pragmatic system and the interactions between them. Although across
many experiments, children fail to cbtain inverse scope interpretations, this finding
i not robust. IMany experiments report that children can cbtaln inverse scope in-
terpretations ({ Muscline and Lidz, 2008), (Gualmini, 2004}). Previcus research has
identified both the presence and absence of an lsomorphism effect across a wide va-
riety of constructions and dewvelopmental timepeoints. An assumption that is implicit
in moet previcus studies 1= that the presence of non-adult-like behawvior represents
the starting point of the developmental trajectory. This, however, is an assumption
subject to empirical investigation. [n addition, in sentences lacking negation, children
appear to behawve like adults in their understanding of sentences involving quantifica-
tion (Lidz et al, 2004). These findings provide strong evidence that children possess
grammars that permit an adult-like understanding of sentences contalning quantifica-
tion. Howewer, the exact source of children’s non-adult-like behawvior i=s under debate.
some accounts propose that children’s hesitation to obtain inverse scope interpreta-
tlons is due to non-adult-like parsers (Muscling and Lidz, 2008), while others claim
that children’s surface scope interpretations are due to discourse factors {Gualmini,

2004; Hulsey et al,, 2004).

Let us recall the two hypotheses regarding children’s shortcomings: the parsing
hypothesis and the extra-linguistic hypothesis, The parsing hypothesis posite that
children’s non-adult behawior can be attributed to an immature parser {Lidz and
Muscline, 2002). For example, obtalning inverse scope interpretations requires revi-
sion. [t may be the case the cost of revision prohibite children from obtaining inverse

scope interpretations in their sentence processing. If the cost of revision = too high,

115



this would lead children to prefer surface scope interpretations of scopally ambiguous

strings.

The extra-linguistic hypothesis posite that children’s shortcomings derive from an
inakbility to integrate discourse information in an adult-like way, Within this hyvpoth-
esis, there are two important sub-hypotheses that we must articulate here: experi-
mental infelicity and failure to utilize discourse information. One, it may be the caze
that children are unable to accommodate pragmatic infelicities {Gualmini, 2004 ). For
example, in an experiment where the inverse scope interpretation iz not made fully
felicitous, children may lack the ability to overcome this infelicity (as adults can), and
may be restricted to surface scope interpretations as a result. Two, it may be the
case that children are unable to use discourse information in their environment a= a
means of guiding their choice of linguistic representation (Muscline and Lidz, 2008).
For example, children may recognize the discourse function of an utterance, but may
atill faill to use this type of information as a trigger to perform revision of their initial
linguistic analveie, thereby ultimately failing to integrate the discourse information

into their language processing (Movick et al, 2005).

In this section, we want to determine the contributing factors to children’s interpre
tations by distingulshing between parsing and discourse factors at the most general
level, We present a re-inwvestigation of the interpretation of scopal ambiguities by
children. Previous research malinly tested 5 wear olds, finding that these children dis-
played difficulty accessing inverse scope interpretations. This line of research inferred
about vounger children, suggesting that all children hawve preferences for the surface
scope interpretation. In section 4.1.1, we show that although & year olds display an
‘isomorphism effect’, younger children (4 year olds) do not. This suggests that chil-

dren’s clalmed preference for surface scope interpretations may not be as robust as

116



previcusly thought, These findings suggest that the parsing hypothesis, which claims
that voung children lack the parsing rescurces to obtain inverse scope interpretations,
cannot be on the right track. Additionally, it cannot be the case that children’s be-
hawior can be accounted for solely by experimental infelicity. We find a U-shaped
pattern of development for the resclution of scope ambiguity., We argue that this
developmental trajectory must be accounted for by a combination of the developing
parser and discourse integration abilities, suggesting that previous accounts that ap-
peal to only one source are insufficient. In section 4.2, we show that children lack
the adult-like ability to alter their interpretation according to discourse information,
lending support to the hypothesis that children’s discourse integration abilities are

non-adult-like,

4.1.1 Experiment Twelve: TVJT Reinvestigation

The Observation of [somorphism was identified by Muscline et al. (2000} for strings

containing quantifiers and negation, as in (81} and (82).

(81) Ewery horse didn’t jump over the fence

(82) The detective didn’t find some guys

That ig, children adhered tosurfacescope interpretations, while adults overwhelm-
ingly obtained inverse scope interpretations in a TVIT. Gualmini (2004) ameliorated
the isomorphism effect with the strings in (82), showing that under revised felicity
conditions, children readily obtain inverse scope interpretations. In summary, it seems
that previcus research has identified both the presence and absence of an =omorphism
effect across a wide variety of constructions and developmental timepoints, suggesting
that the adwvantage for surface scope interpretations in children has a developmental

trajectory that i= poorly understood.
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izualmini shows that when the experimental situation is maximally felicitous, the
advantage for surface scope interpretations is eliminated, for etrings containing seme
and negation, Furthermore, Gualmini et al {(2005) showed that the effect can similarly
be ameliorated for strings containing negation and a universal quantifier. Gualmini
presented children with strings like (83), following a story where Caillou attempted

to deliver all of the letters, but succeeded in only delivering some of them.
(83) Ewery letter wasn't delivered

Because the main focus of the story was whether or not all of the letters were delivered,
the inverse scope interpretation of (83) was made felicitous. In this experiment,
children (3;0-5;7, m=4;8) accepted the inverse scope interpretation 81% of the time.
This finding suggests that the methodological changes affect children’s interpretations.
Therefore, the questicn remains as to whether manipulations in the sxperimental
situation can entirely account for the advantage for surface scope interpretations,
particularly with the construction we hawve been investigating, strings with a subject

universal quantifier and negation.

Howmewver, while it may be the case that we can attribute the differences in rates
of inverse scope interpretations between the Gualmini and Museline et al. studies to
methodeological differences, methodology i= not the only differing factor. The mean
age of the children participating in the two experiments also differs. The average
age of the children tested in the Gualmini experiment arcund four vears old, a year
younger than the five vear clds tested in the Muscline et al. experiment. Therefore, we
cannot determine if the differences in rates of inverse scope interpretations obtalned

across the studies are due to methodology or age differences.

Two hypotheses regarding the source of children’s immaturity remain: the parsing

hypothesis and the discourse hypothesis, We are interested in determining whether
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the izomeorphism effect, if it exizte as reported in numerous studies, reflects the start-
ing point of development or whether it cccurs after a pericd of adult-like behasior.
We test children acroes a wide age range on strings containing a subject universal
quantifier and negation, a construction which has demonstrated a powerful izsocmor-
phism effect {Musclino et al,, 2000). We find that although there exists a time during
which children obtain mainly surface scope interpretations, this occcurs after a pe-
riod of adult-like behavior, suggesting that the isomerphism effect does not inform us
about a child’s starting state. Anv explanation for the advantage for surface scope
interpretations in children must account both for why it cccurs and also for why it
shows a late onset. Any theorv treating the effect as due to an inherent limitation
of immature parsers or conversational agents must surely be incorrect. We argue
that children haswe the ability to calculate inverse scope at a verv early age, and the
isomorphism effect occcurs as a byv-product of children's developing adult-like parsers

and discourse information integration abilities.

hlaterials: and Methodology

We conducted a TV IT, modeled after the universal quantifier experiment in Musolino
et al. (2000}, Musoline et al. report results for 5 and 6 year olds, but Gualmini tested
4 year olds {although with a slightly different construction). Because we are attempt-
ing to determine the developmental trajectory of children’s interpretations, we require

consistent data across the 4 and § wear old age ranges with a single construction.

An example target sentence = shown in (84). The target sentence followed a story
in which three cats talk about hiding behind a table, but ultimately attempt to hide

behind the sofa. Two cats succeed in hiding behind the sofa, and one stays behind
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the box. The final scene i= shown in Figure (4.1).!

(84) Ewery cat didn’t hide behind the sofa

Figure 4.1: TVIT HReinwvestigation: final scene

The TWIT was conducted on a computer screen, with animated characters. The
movement of each character was controlled by the experimenter, who told the story
verbally., The target sentence was recorded. Tho the best of cur knowledge, these
stories mimic tasks done with act-out tove, but have the advantage of requiring only

one experimenter.

Each child received 2 warm-up items, § target items and two filler items. The filler
sentences were dynamic, o that the experimenter could choose either a true or falee
sentence, depending on the child’s previcus responses. This ensured that the child’s

responses varied across the experiment.

Zhildren were teated one at a time in a quiet testing room away from other children,

The child was introduced to the computer, and teld how to play the game. The

1The TVIT was conducted on a computer scresn, with ammated charactars. Thess stories mimic
tashs done with ack-ouk toys, but have the adwntage of requiring only one experimenter. A within-

subjects experiment comparing thess factors is pressnted in sschion 4.1.2
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puppet, a dog, was also on the computer screen, and gawve an introduction before
beginning the experiment. The target and filler items were mixed in a peeudo-random

order. The entire session lasted less than 20 minutes,

Predictions

There are two hypotheses concerning the description of children’s behawiors: the

parsing hypothesis and the extra-linguistic hypothesis,

One hypothesis is that children, either due to cognitive limitations or the structure
of thelr parser, are unable to access the inverse scope interpretation except in cases
with slgnificant discourse assistance (Lidz and Muscline, 2002), One implementation
of this idea iz that children haswve great difficulty performing the revision required to
access the inwverse scope interpretation. According this hypothesis, there 1= a gen-
uine isomorphism effect, deriving from the difficulty required in calculating inversze
scope. This hyvpothesis predicts difficulty with inverse scope at the earliest possi-
ble age, persisting until the child i= old encugh to hawve 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 1= that children’s parsers are completely adult-like, and the
isomorphism effect derives completely from children’s inability to accommodate in-
felicitous experimental conditions {Gualmini, 2004). Accommodation & a specific
instance of failure to integrate discourse information in an adult-like way, Accord-
ing to this hvpothesis, given fair experimental conditions, children will obtain inverze

scope ab a very early age, and we expect to find no isomorphism effect across children.
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A third hypothesis 1= that the previous resulte can be accounted for by an age affect.
That is, four vear olds readily cbtain inverse scope interpretations, but five year olds

do not. This suggests we should find a U-zhaped curve in the current experiment.

Participants

40 children participated in this experiment. Children were recruited from a preschool
at the University of Maryland. The children were divided into two groupe, four year
olde and five year olds, each group consisting of 15 children. One child was replaced
in the design for incorrectly answering both filler items. The four wesr old group
ranged from 4;5-5;2 (mean 4;9) and the five year old group aged 5;3-5;7 (mean 5;4).
The ages of these two groupe are statistically different (p-=.01). These age groups
were chosen to maximally match the previcus studies conducted. Gualmini (2004)
tezted children younger than 5,0, while Muscline and Lide (2008) tested children clder
than 5;0. Furthermaore, Muscline et al. (2000) found an age difference in their study
around the age of 5.2, Therefore, we selected 512 az a separation peint, although we
make no claime that critical changes occocur at this exact age. Purther research must

be done to determine the causes underlying these cheerved age differences.

12 adulte from the University of Maryland participated in this experiment as a
control. Participants received either monetary compensation or course credit for

their participation. All participants were English native speakers over the age of 13,

Results

Adult participants accepted the target sentences (consistent with inverse scope in-

terpretations) 76% of the time. This acceptance rate is lower than previous studies
(WMusoline et al., 2000; Muscline and Lidzs, 2008), including our own [VT: TWVIT, and

we have no explanation for this finding., Performance with fillers across all groups
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iz over 90%, suggesting overall good performance on the tazsk, No target trials were

excluded from analysis.

We found that the four wear olds accepted the inverse scope interpretation of the
target sentences 81% of the time, at the same rate as adults. All children were azked
for justification for thelr responses, and most children gave justifications consistent
with the their true/falze answers, suggesting their acceptance of the puppet's state-

ment reflects ocbtaining the inverse scope interpretation.

The five vear clds accepted the inverse scope interpretation 44% of the time, This
iz rate is significantly lower than the rate shown by the four year olds (t{28)=2.05,
p < .05), and marginally significantly different from the adulte {t{25)=1.98, p <«
.08). The five year old group contains 7 children who never access the inverse scope
interpretation, a bimodal distribution suggesting that these children fail to access the

inverse scope interpretation.

Discussion

Let's recall the hvpotheses and predicted results, If it i= the case that children hawve
non-adult parsers, we expect vounger children to behasve just like the five wear clds, in
being restricted to the surface scope interpretation of the target sentence. Howewver,
the four wear olds accessed inverse scope at the same rates az adults, suggesting this
cannot be the case. Younger children can obtain the inverse scope interpretation,
and presumably wvounger children do not hase more parsing resources than older
children, so we conclude that the izomorphism effect in five wear olds cannot be due

to immaturity of the sentence parser, as claimed in Lidz and Musclino {2002).
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[f it iz the case that the advantage for surface scope interpretations i= a result of
infelicitous materials, then we too, expect similar rates of acceptance to persist into
the four vear olds. Although previcus research has shown that there is certainly an
effect of felicity on interpretation, in this experiment, we zee interpretation differences
across age, and not as a product of methodology, Therefore, we conclude that the
isomorphizm effect does not solely derive from a fallure to experimentally meet felicity

conditions,

[f it iz the case that children’s age accounts for interpretation, then we expected a
[U-zhaped dewelopmental curve to account for previcus resulte. [t appears that this
iz the case. Muscline et al. and Muszoline and Lidz report low rates of acceptance
of the inverse scope interpretation, with data from 5 wear olds. We replicated this
Heomorphism effect’ with 5 wear olds with the universal quantifier in subject position.
However, we found that the imomorphism effect holds only in a limited window in
language development, and doee not represent the starting point of acquisition. We
found that four year clde are adult-like in obtalning inwverse scope interpretations,

replicating the Gualmini resulte.

Typically, a U-shaped curve of development i= analvzed as the child developing
adult-like mechani=ms in two stages. Let us lock at a classic example, the acquisition
of the Englich past tense. We will cutline the analveis, and then suggest that the
child's acquisition of adult-like scope interpretive abilities shows a similar pattern of
development., For the past tense forms of rregular verbe in English, children demon-
strate a U-zhaped curve of development. That is, they begin by using the proper
morphological form (such as went for the werb 4o go), then begin using a regularized
past tense form (such as goed), then finally utilize the appropriate form went {Brown,

1972). At first glance, this pattern seems perplexing, because the child appears to
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become non-adult-like after a pericd of producing adult-like forms. Howewer, this
pattern 1= essily explained by appealing to the child’s deweloping abilities to form
the past tense in an adult-like way. Children in the youngest stages, although they
produce adult-like forms, are obtaining this form by non-adult-like means. That iz,
they are simply mimicking thelr input. At the second stage, children hawve acquired
a general rule for forming the past tense, but hawe not learned that some wverbs are
irregular. At the final stage, the child has not only the general rule, but also has

learned that some verbs form exceptions to this rule. This is depicted in Figure (4.2).

Adult-like
petformance

wer:‘:\ wient

/ A

i werbred
Mo rules + irregularz
-irrequlars
d —
E verb+ed
-irrequlars

Figure 4.2: Acquisition of the English past tense

Motice that the child, to obtain adult competence, must acquire two things. First,
they must acquire the general rule for forming the past tense, merd + ed. Second,
they must acquire an exception that overrides the implementation of this general rule
for irregular verbs {like o go). The crucial part of this analysis is that the apparent
non-adult-like behawvior of the child represents the child deweloping the mechanisms
that underlie adult behavicr. We can restate the U-shape curve in terms of three
stages of development: 1) apparent adult-like behavior by non-adult-like means, 2)

non-adult-like behavior by using adult-like processes, and 3) fully adult-like behawior.

We suggest that the same tvpe of account can describe children’s development of
scope ambiguity resolution. Hecall that we hawve obeerved that children initially obtain

inverse scope interpretations (which appears adult-like), then go through a period of
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obtaining surface scope interpretations. Also recall that when an adult cbtains an
inverse ecope interpretation, two eteps are involved, Depending on the proper analyels
of adults, adulte either have unbiased parsers {under the extra-linguistic hypothesis),
or initially select surface scope interpretations {under the parsing hypothesis). In
either case, adulte can access an inwverse scope interpretation by using some amount
of discourse information. This is quite similar to the two steps required in accounting
for an adult-like description of the FEnglish past tense, which requires a general rule,
but also the ability to allow exceptions to this rule in the caze of irregular verbs, With
respect to scope, we propose that the U-shaped curve obeerved can be described by
children first acquiring an adult-like parser (that is, either an unbiased parser or
a. surface-scope-first parser), and then adult-like revision capabilities {this process
will be detailed more explicitly in section (5.1)). We claim that 4 year olds are not
obtalning inverse scope interpretations in an adult-like way, but are simply mimicking
the inverse scope interpretations cbeerved in the input. Motice, it iz not the case that
children lack the parsing ability to obtain an interpretation, but simply have a parsing
preference that adulte do not. Mext, the child obtains the adult-like parser, which
depending on the formulation of the adult system, will either cutput solely surface
scope interpretations or interpretations at chance, Howewver, at this stage, the child
i lacking the ability to revize their interpretation according to discourse information,
g0 remains with their initial interpretation. Finally, the child acquires the ability to
utilize discourse and situational information as a way of revising their interpretation.
This &= depicted in Figure (4.3).

Thizs description of U-shaped development can alse be paraphraszed into three
stages: 1) apparent adult-like behawior by non-adult-like means, 2) non-adult-like be-
hawior by using adult-like processes, and 3) fully adult-like behawvior. In the upcoming
chapters, we will make the description of the child syatem more explicit as we further

develop our description of the adult LF parser.
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Figure 4.3: Acquisition of Scope Ambiguity Resclution

Thiz analysis yields an interesting explanation for the somorphizm effect obeerved
with another construction. Lidz and Muscline {2002) tested four year olde with

strings containing negation and a numerically quantified object, as in (85).
(85) The detective didn’t find two guys

(85) &= ambigucus, meaning either & & not the case the detective found two guys
(the surface scope interpretation) or there are fwo guys the defective failed to find
(the inverse scope interpretation). Muscline and Lidz tested 12 children {3;11-4;11,
m=4;4) in a situation where the inverse scope interpretation was true. Children
accepted the statement in (85) az a description of the scene only 33% of the time, in
contrast to the adults’ 93% acceptance rate. These resultasuggest that with respect to
these strings, children prefer surface scope interpretations. Because this experiment
tested four wear old children, at first glance, these results appear to contradict our
proposed model, That iz, it i not universally the case that four vear olds adhere to
inverse scope interpretations. Howewver, our claim iz that four year clds prefer the
interpretation that appears most frequently in thelr input. I[ndeed, MMuscling and
Lidz find that adults prefer the surface scope interpretation of (85). In a situation
where both interpretations of (85) are true, adulte consent, and give justifications
that support the surface scope interpretation. In the case where the surface scope

interpretation = preferred for adulte, cur U-shaped model would suggest that both
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four and five vear olde would adhere tosuwrface scope interpretations. Therefore, these

results provide further support for cur anaylsis.

These results make a prediction concerning inverse scope interpretations in four
year olds for strings containing a universally quantified subject and negaticon, that is
unfortunately, difficult to test, Given that it i= the case that 4 wear olds have a parser
bias for inverse scope interpretations, and hawve difficulty using discourse information
a8 a means of revising interpretation, we would predict that these children would be
stuck with inverse scope interpretations. That iz, in a T'WVIT where no horses jump

over the fence, children in this age range should judge a sentence like (86) as false.
(86) FEwery horse didn’t jump over the fence

That is, if children in this age range think {36) means not all of the horses jumped over
the fence, and furthermore compute the implicature that net all means some, then
they should judge this sentence to be false. The difficulty in testing this prediction
iz that if it iz the case that children of this age consent to a sentence like (86) in a
situation where none of the horses jumped owver the fence, we cannot be certain if
they are accessing the surface scope interpretation, or if they are falling to compute
the relevant implicature (this is particularly likely, as it has been shown that children
hawe difficulty computing implicatures (Mowveck, 2001; Muscline and Lids, 2008)).
Therefore, we will need to discover other methods to determine the extent to which

4 vear olds are able to obtaln surface scope interpretations.

We must show that children lack the ability to integrate discourse information into
final interpretation, in order to be confident in our analvsis of the development of
scope ambiguity resclution. We turn to an experiment to determine whether this is
the case in section 4.2, However, first, we present a second experiment that confirme

that the results presented in this section are robust, and cannet be described by the

128



novel experimental methodelogy used.

4,1.2 Experiment Thirteen: Presentation Comparizon

We precsented resulte from an experiment that found that four year olds readily obtain
inverse scope readings. This result is surprising in light of previous findings. Howewer,
there is a methodological difference between previcus experiments and ocur own that
we must consider as a potential contributor to interpretive differences. While previous
experiments used only tov characters, we performed the TV IT on a computer scresn.
Therefore, we must verify that there i= no difference in the interpretations obtained
between computerized and toy TV ITs.* We find no difference between the two modes

of presentation, suggesting that we can be confident in ocur previous results.

baterial: and Methodology

This experiment contained & target TVIJT stories, modeled after MMuscline et al.
(2000}, For each story, a computerized wersion and a toy wversion was created. An

example target sentence is shown in (87).
(87) Ewery giraffe didn’t pick an apple

The final scene of the computerized story that precedes (87) is shown in Figure
(4.4).
A photograph of the final scene of the toy wversion is shown in (4.5).

A description of the story that accompanies each of these final scenes is below,

Three giraffes were playing cutside, and consider going home, but decide

that they are hungry. They all decide to pick an apple. The first two

*Thanks to Kristin Koch, undergraduate ressarch assistant, for the writing of stories and imple-

menting of this experiment.
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]

Figure 4.4: Presentation Comparison: Final computerized scene

giraffes succeed, but the only apples that are left are too high for the

third giraffe. He does not pick an apple in the end.

For each story, the toy and computerized wversions were developed simultanecusly to
ensure the closest possible fit between the two modes of presentation. As in TVIT
reinvestigation, the computerized stories were animated using Powerpeoint, 2o that

the stories mimic toyv stories as closely as possible.

Fach child saw 3 computerized targets, and 3 toy targets, Target and filler items
were mixed in a peeudo-random order. Order and task-story combinations were coun-
terbalanced., Pour liste were created. Thrget and filler items were divided into two
groupe: Group A and Group B, List one and two presented Group A first, and
liste three and four presented Group B firet. In liste one and three, the first group
presented was shown in computerized format, in listes two and four, the first gxoup

presented was shown in live toy format, Participants were divided evenly amongst the

130



Figure 4.5: Presentation Comparison: Final tov scene

lizste, Bach child received two warm up stories,® and two filler trials. The fillers were
dynamic, so that the experimenter could choose either a true or false taxget zentence,
depending on the child’s previcus responses. This ensured that the child’s responses

varied across the experiment.

Zhildren were tested individually in a quiet testing room. The entire zession lasted

approximately 15 minutes.

Fredictions

[f it iz the case that the mode of presentation affects children’s interpretations, then
we expect to observe differences across tasks, Specifically, to accord with previous
results, we would expect higher rates of surface scope interpretations on tov trials

than on computerized trials,

If mode of presentation does not influence the interpretations obtained by children,

then we expect no effect of condition on interpretation. The finding that children’s

®The warm-up stories followsd the formak of the first target pressnted to the child.
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responses do not change as a result of the computerized presentation would strengthen

our confidence in the results of the previous experiment.

Participants

We tested 18 children from preschoscls surrounding the University of Maryland, Col-
lege Park. Two children were replaced in the design for incorrectly answering both

filler items (1) or failure to complete the experiment (1),

Children ranged in age from 4,2-5:10, with a mean age of 5;2.

Recults

Acroes all computerized trials, children cbtalned inverse scope interpretations on
70.1% of trials. Across all tov trials, children obtained inverse scope interpretations on
75% of trials. These rates are not significantly different (t{15)=-1.0, p=.33). There
fore, we fail to find a difference between conditions. I[ndividual children also reveal
no difference between conditions. For each child, we can calculate a difference score
between story types, that iz # inverse scope interpretations on computerized trials
minus # inverse scope interpretations on toy trials. Of the 16 children, 12 children
obtained a difference score of zero. Of the remalining 4 children, 2 children obtained
difference score of (-1), and 1 obtained a score of (1), Therefore, we conclude that

there is no effect of tazk on interpretation.

Just as in TVIT reinvestigation, we can divide children into either 4 wear oclds
or 5 year olds. The four year old group (4,2-4;11, mean= 4;&) contains § children,
and the 5 year old group (5;2-5;10, mean= 5;8) contains 10 children.® The four vear

olds obtained inverse scope in 91.6% of trials. This group contained 5 children who

Thess age groups are unequal because age wes not a predetermined factor for this experiment.
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obtained inverse scope on all € triale, and one who obtained inverse scope on half {and
these were divided between computerized and toy triale). The five year olds obtained
inverse scope interpretations on 61.6% of trials, with 4 children obtaining inverse
scope on all 6 trials, Three of the 5 wear olds obtained surface scope interpretations
on all trials. These effects approach significance (t{13)=2.16, p=.08) and mirror the

previously obtained age effects,

Dizcussion

We can conclude two things from this experiment. One, with children, the differences
between the materials used in TV JT reinvestigation and the materials used in previous
experiments yield no interpretive effect.” The results from this experiment show that
it cannot be the case that our resulte from TVIT reinvestigation are due to children
obtaining a higher rate of imverse scope interpretations when the targets are presented

on the computer.

mecond, we replicated a trend of age effects. This suggeste that, although we hawe
confirmed a tendency for inverse scope interpretations to decrease at one developmen-
tal timepoint, that age i= not the correct correlate. That is, we can reliably replicate
4 year olds cbtalning high rates of inverse scope interpretations, and find a number
of & wvear olds obtalning only surface scope interpretations. However, interpretation
differences likely correlate with a developmental measure, of which age i= only a weak
correlate (such as either peychological or linguistic development). [t remains to be

seen what measure obtains the proper predictive power.

5In TWIT reinvestigation, we found that our adults obtain fewer rates of inverse scope on a
computarized pressntation than with a oy pressntabtion, altheugh thiz has not been tested within
subjecks. We have no explanation for this finding.
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4.1.3 Conclusions on Children’s Abilities

In this section, we presented two findings. One, we found that young children readily
obtain inverse scope interpretations. This finding suggests that a simple competence
hypothesis (such as immaturity of the parser) i insufficient for capturing the iso-
morphism effect. Two, we found that arcund the age of five vears old, children go

through a pericd of obtaining high rates of surface scope interpretations.

Dur previous experiments hawve suggested that adult behavicr can be described by
an initial adherence to surface scope interpretations, with revision to inverse scope in-
terpretations in the proper situation. We hawe proposed in this section that children’s
[U-ghaped development of scope ambiguity resclution can be described by children’s
developing adherence to these two features of adult mechanisms. We propose that
young children obtain inverse scope interpretations by non-adult-like means, perhaps
simply mimicking their input. Children then acquire adult-like parsers. Howewer,
children at this stage lack the ability to utilize discourse information to revise their
interpretation, and remain stuck with surface scope interpretations. Finally, children
acquire the ability to make use of discourse information to influence their choice of

interpretation.

This account makes a strong prediction: that both four and five year olds are unakble
to make use of discourse information to influence their choice of interpretation. We
investigate this issue in section 4.2.2. We show that children’s interpretations do not
vary according to experimental environment, supporting cur proposed explanation
of U-shaped development. We alsc want to know what the development of scope
interpretations reveals about the adult parser. Hecall that to this point, we hawve
vet to determine the source of the advantage for the surface scope interpretation in

adulte. We investigate a model in section 5.1, which suggests that these data points
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cannot be captured by an adult parser with a bias for surface scope interpretations,

suggesting this adwvantage must be captured external to parsing preferences.

4.2 Discourse in Ambiguity Resolution

In this section, we investigate the effect of discourse information on interpretation in
children and adults. Our results with four vear clds suggests that they are fadult-like’
in obtaining inverse scope interpretations. Howewver, we must hesitate to take results
from TV ITs as significant findings about preferences, as thev were designed only to
test the awailability of an interpretation. We perform a TVIT and sentence completion
task with both children and adults. We find that children are not adult-like across
experimental tasks. This suggests that, even though voung children display some
knowledge of adult-like performance, theyv hawve not fully obtained adult interpretive

abilities,

This finding brings us closer to fully identifying the contributing factors to attaching

a logical form to a string in both children and adulte.

4.2.1 Experiment Fourteen: Adult TVJT-5entence Comple-

tion

In this section, we present an investigation into task differences with respect to inter-
pretation of scope ambiguity in adults. [t has been reported that adults, who adhere
to inverse scope interpretations in a Truth Value Judgment Task (TVIT), also demon-
strate a preference for inverse scope interpretations in comprehension (Musoline et al.,
2000). However, this observation I= simply a correlation, and was not meant to imply
a deep connection. We show that this preference for inmverse scope iz not consistent

across all tasks, suggesting that there may be no overall preference for inverse scope
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interpretations in adulte. Purthermore, we suggest that fluctuation of interpretation

across tasks i= a hallmark of adult-like performance.

Bbaterials: and Methodology

Ags in the forced choice task, participants are presented with multiple items that can

be used to complete a scopally ambiguous string, 2= in (88).

(88) Ewery dog didn’t decorate the fire hydrant that’s...

The preceding story makes awvallable a fire hydrant that none of the dogs decorated
(the blue cne) and a fire hydrant that net all of the dogs decorated (the yellow one),

as shown below B

Here, there is a purple, red and green dog, with their lollipop decorations.
The fireman uses a hose a= a decoration. [t doen't lock like any of the
doge decorated the blue fire hydrant, but the fireman did. And it locks
like the purple and green dogs decorated the yellow fire hydrant, but not

the red dog.

Choosing #he blue fire hydrant to complete the sentence i= consistent with a surface
scope interpretation of {883), while selecting the yellow fire hydmnit is consistent with

the inverse scope interpretation.

[n this experiment, participants participated in two conditions: a sentence comple
tion task and a Truth-Value Judgment Task. For both tasks, subjects are presented

with a plcture on the computer screen, and the accompanying story.

®The stimili used for this task are identicsl to the stimmuli used for the non-speeded condition of
the forced choice kasle
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Figure 4.6: Adult TV JT-Sentence Completion: Target presentation slide

Fiach condition of the experiment contained 6 target items, with warm-upe and 3

filler items. The filler sentences contain a universal quantifier and no negation, as in

(89).
(83) FEwery chef glazed the flower pot

The filler items were presented in the same manner as the target items, but with
modifications to the story, An example story = 1= below, and with the story deplcted
in Figure {4.7).

Here, there iz a yellow, blue and red chef, with their glaze. Kermit uses
green glaze, [t loocks like the wellow, blue and red chefs glazed the pot
made for cocking, And it looks like the yellow and blue chefe glazed the

flower pot, but not the red chet.

The experimental items were divided into tweo liste. Each aubject received one list
in the form of a sentence completion task, and the other list in a TWVIT, each of which
are described below. Adults received the sentence completion task first, followed by

the TWVIT. Half of the participants received list one for the sentence completion task,

"The format of the sentence is all that changes across tashs.
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Figure 4.7: Adult TV IJT-Sentence Completion: Filler presentation Slide

while the other half received list two. Participante received the alternate list for the

TWVIT.

Sentence Completion Task: Adults

We conducted a sentence completion task, in which both interpretations of the sco-

pally ambiguous target sentence are true and present.

The participant is told that a puppet attempts to say what happens in the scenes
presented, but is not verv good with his colors. The participant’s tazsk i= to help him
complete a sentence that is an accurate statement about what happened in the staryw

The puppet, after watching the story presented, says the prompt in (90).
(90%  Ewery dog didn’t decorate the fire hydrant that's... umm. ..

The participant’s task is to complete the sentence, If participants obtain an inverse
scope interpretation, they will answer gellos, but if they access the surface scope
interpretation, they will answer bfne. As in the speeded forced choice task, the color

answer 18 indicative of interpretation that is obtained. Paxrticipants are asked to
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choose the best answer in the case that more than one = available to them ®

TVIT: Adults

In the TWJIT wersion, the participants received the same presentation of the story,
but were told that their task was to tell the puppet if his statement in {91) was right

or Wrong.
(91) FEwery dog didn’t decorate the vellow fire hydrant

In the target sentence, the puppet utters a statement that i= true on the inverze
scope interpretation. Hecall, the item associated with the inverse scope interpreta-
tion 1= counterbalanced across items according to which side it appears on, 2o that

participants do not receive any hints by relying on one particular side of the screen.

In this set of experiments, the participant received the sentence completion task
first, I[f i1t = the case that TV JTs are capable of pushing an adult toward the true
interpretation, then this may cause priming effects if this task were to come first, For
this reason, the TVIT was always run after the sentence completion experiment. A
distractor task appeared between the two conditions, so that thev appeared to be

different experiments.

The two tasks combined lasted approximately 20 minutes,

Fredictions

We predict high rates of acceptance of the inverse scope interpretation in the TV IT

condition of the experiment.

fParticipants sre told this only if they zivwe a response saying thak both are acesptable. Otherwizs,
participants are not teld this, in order ko awvoid the raising of the ides that the sentences may be

ambiguous.
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We hawe two hypotheses regarding performance on the sentence completion task.
[t it ie the case that participants, in this task, behawe identically to the non-speeded
condition of the forced choice task, then we predict around 50% acceptance of the
inverse scope interpretation. [n this case, we should expect a difference between the

rates of inverse scope interpretations between the two taske,

Alternatively, it may be the case that adults generally prefer inverse scope inter-
pretations, which would result in high rates of cbtaining inverse scope in the sentence
completion task. In this case, it would be mysterious why adults were at chance
performance in the non-speeded condition of the forced cheoice tazk. This hypothesis

predicts similar high rates of inverse scope interpretations across tasks.

Participants

20 adult undergraduates from the University of Marvland participated in this ex-
periment. Mone were excluded from analvels. Participants received either monetary
compensation or course credit for thelr participation. All participante were English

native speakers over the age of 18

Re:zults

Acroes all trials in the sentence completion condition, adults gave answers consistent
with the inverse scope interpretation 40% of the time. This result is not significantly
different from the results cbtained in the nen-speeded condition of the forced cholce
task (£{38)=2.02, p=44). Mo trials were excluded from analysis. For 3 trials, par-
ticipants responded that the sentence could be completed by either answer. We hawve
coded these responses as obtaining the inverse scope interpretation. [f these are coded
as surface scope responses, the rate of inverse scope interpretations i= 37.5%. [f these

trials are excluded from analysis, the rate of inverse scope interpretations is 33.4%.
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For the remaining statistics, we code these responses as inverse scope responses, be-

cause the inverse scope interpretation was cbtained.

Across all trials in the TVIT, 74.1% accepted the statement, ocbtaining the inverse
scope interpretation. This is thesame percentage we hawve found in other computerized
TV ITs. This is significantly different from the sentence completion task (£{19)=4.19,

p=.001). Mo trials were excluded from analysis. One trial was reported as ambiguous,

Adults responded correctly to 100% of the filler trials in the TV IJT, and 96% of

trials in the zentence completion task.

Dizscussion

Firat, these resulte confirm previous findings that in a TV IT, adults obtain largely

inverse scope interpretations.

We find that in a sentence completion task, adults do not demonstrate a preference
for inverse scope. This suggests two things. One, it suggests that the preference
shown for inverse scope in a TVIT is a result of a task effect. For example, it is likely
that adults’s adherence to inverse scope interpretations is a result of the Principle of
Zharity, the desire to consent to a true statement, a= opposed to a genuine preference.
cecond, these results suggest that, in a task with little constraints imposed by the
discourse or situation, adults are about at chance with respect to what interpretation

they obtain,

In summary, we find an effect of task on adults’ interpretations. Therefore, obtain-
ing inverse scope interpretations on a TWJT i= not a sufficlent measure of ‘adult-like
performance’. True adult performance integrates discourse information into final in-

terpretation, vielding interpretations that differ as a function of the discourse context.
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[f it 1= the case that 4 year clds hawe fully adult sentence processing capacities, we

expect a similar pattern of performance.

4.2,.2 Experiment Fifteen: Pilot Child TV JT-Sentence Com-

pletion

We hawve obeerved that four year olds are able to obtain inverse scope interpretations in
a' TVIT. We have alzo obeerved a difference in interpretations adulte obtain in a TV IT
and a sentence completion task., This finding suggeste that adult-like interpretation
ie dependent, at least partially, on task-epecific discourse information. Therefore, if
it. is the casze that 4 wyear olds are adult-like, we expect to find similar fluctuation of

interpretation across tasks,

Bbaterials: and Methodology

For thie experiment, we used the TVIT task (materials from TVIT reinvestigation)
and one list from the sentence completion condition of Adult TWIT-Sentence Com-

pletion.

We tested children on the TVIT, described in section 4.1.1. If a child cbtained &
or more [out of §) inverse scope interpretations on the TVJIT, we tested them on the
sentence completion task, because we are interested if children wheo obtaln inverse
scope interpretations on a TVIT obtain surface scope interpretations on a sentence

completion task.

iZhildren were introduced to the sentence completion experiment in the same way
as adults, That is, children are shown a puppet, and told that the puppet was not

very good at describing what happened in the story, and that they would need to
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help the puppet by completing his sentences.

ihildren were tested individually in a quiet testing room. The entire zession lasted

approximately 15 minutes.

Predictions

[t it iz the case that four year wear clds are completely adult-like, then we would
expect their rates of inverse scope interpretations to drop in a sentence completion

task, as compared to the number of inverse scope interpretations obtained ina TVIT.

[f it iz the case that our analysis of the U-shaped development i= on the right track,
then four sear olds are not accessing the inverse scope interpretation by revising
through the surface scope interpretation. Purthermore, it must be the case that
children are not making use of discourse information as a means of guiding their
choice of final interpretation, as suggested by Trueswell et al. (1999). If this = the
case, we ewpect children’s interpretations to remain largely the same across tasks.
That is, the different discourse environments available across tasks will net hawve any

influence on the child’s interpretation.

Participants

12 children (4;8-5;5, mean=4;11), who cbtained largely inverse scope interpretations
on the T'VIT on the sentence completion task participated in this experiment. MNo
children were excluded. This experiment was conducted approximately 2 weeks after
the conclusion of TWVIT reinvestigation, the experiment for which the child's TVIT

rates were obtained,
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Recults

Acroes all children, the rate of inverse scope completions = 76%. Recall, because
we only selected children who obtained high rates of inverse scope interpretations on
the TVIT, thelr rates of inverse scope interpretations on that task was 94.4%. This
difference approaches significance {t{11)=1.99, p=.07). No trials were excluded from

analysis,

For each child, we can look at how thelr performance on this task differed from
number of inverse ecope interpretations on the TV T, For 8 of the 12 Lkids, the number
of inverse scope interpretations on the sentence completion task and TV IT differed
by one or fewer responses. Three of the four remaining children had scores that
differed byv more than 3. For these three children, they obtained largely inverse scope
interpretations on the TV IT, but half or more surface scope interpretations on the

sentence completion. Two of these children were aged 4,11, and one was aged 5;1.

Across all filler 1tems, performance was 97.8% accurate.

Diszcussion

From the resulte of this experiment, we cannot conclusively determine if children’s
interpretations differ according to task., While the rates of inverse scope obtalned
approach significance across the two tasks, only 4 children (1/3 of the total) hawe
rates of obtalning inverse scope interpretations that drep by more than one response
in a sentence completion task. [t appears that the effect of the entire group &= carried

bv the few number of children whose performance does vary according to task.

Therefore, we must perform the same experiment with a wide range of children, to

deter mine the existence of an effect.
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4.2.5 Experiment Sixteen: Child TV JT-Sentence Comple-

tion

Although previous tests of scope ambiguity resolution hawe relied on TV ITSs, these
tasks, alone are not sufficient to characterize adult-like performance. We hawve showed
that although adulte obtain high rates of inverse scope interpretations on a TVIT,
they access the two interpretations equally in a sentence completion task. This sug-
gesta that a characterization of the adult scope ambiguity resclution system requires

a component that can alter interpretation in crder to meet discourse {and therefore,

task) demands.

Independently, children’s abilities to use task information to disambiguate ambigu-
ity in an adult-like way has been called into question (Trueswell et al,, 1999; Musclino
et al.,, 2000}, Therefore, although we observe young children obtaining inverse scope
interpretations, this i= not sufficient evidence to conclude that children hawve adult-like
svetems for resolving scope ambiguity, To be adult-like requires not just obtaining in-
verze scope interpretations in certain tasks, but also the ability to alter interpretation

by situation on the basis of discourse information.

The resulte of cur previous experiment were inconclusive., Therefore, we conduct
a comparison of TVJT and sentence completion tasks, identical to Adult TVIT-
sentence completion, within children. We find that children’s interpretations do not
vary according to task, suggesting that children’s discourse integration abilities are
not adult-like. This finding strengthens ocur confidence that cur analyels for the U-

shaped behawvicr obeerved in children i= on the right track.
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Materials and hethodology

In this experiment, each child received & TVIT target trials, and & sentence com-
pletion target trials, using the same materials as Adult TV IT-sentence completion
(including an identical number of warm-up and filler trials). For the children, order
between conditions was counterbalanced. Four lists were created. Target and filler
items were divided into two groups: Group A and Group B, List one and two pre-
sented Group A firet, and lists three and four presented Group B first, In listz one
and three, the first group presented was the TVIT, in lists two and four, the first

group presented was the sentence completion task.

Children were tested individually in a quiet testing room. [f children had difficulty
sitting for both parte of the experiment, thev were asked to return for the second
part on a separate day. Therefore, the children frequently performed the conditions

on different days, with each section lasting approximately 15 minutes”

Predictions

[t it iz the case that children are truly adult-like, then we expect that in this ex-
periment, we will obeerve a difference between rates of inverse scope interpretations
obtained in the two different conditions. Specifically, we expect higher rates ofsurface

scope interpretations in the TWVIT trials than in the sentence completion trials.

Alternatively, it may be the case that children are arriving at interpretations via
non-adult-like means, In this case, we expect similar rates of inverse scope interpre
tations obtained across tasks., Hecall that our analysis of U-zhaped development of

ambiguity resclution suggests that neither four nor five vear olds hawve the ability to

3Tt iz corumon for child experiments to be =plit over different days, snd we do not bdiewe this

difference from adults to hase ay mesningnl impack on the daka
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utilize discourse information in accessing an interpretation. This suggests that all

children should access the same interpretation, regardless of task information.

Participants

We tested 20 children from preschools in the College Park, Maryland area. Four
children were replaced in the design for incorrectly answering 50% of the filler items.

Children ranged in age from 4;1 - 511 (mean="5;0}.

Results

Acroes all trials in the sentence completion condition, children gave answers consistent
with the inverse scope Interpretation 42% of the time. Mo trials were excluded from

analysis,

Across all trials in the TVJT, children accepted the statement 45% of the time,

obtalning the inverse scope interpretation. Mo trials were excluded from analveis,

Children responded correctly to 88.3% of the filler trials in the TVIT, and 81.7%

of triale in the sentence completion task.

The results of child and adult TV J'T-zentence completion, combined, are shown in
Figure (4.8).

These percentages were entered into a mixed ANOVA with two factors: task
(sentence completion ve, TVJT, within-subjects) x age {adult we. child, between-
subjecte). We found a main effect of task (F(1,38)=9.7, p=.003), but not of age
(F(1,38)=1.4, p=.23), and a szignificant interaction between the two (F(1,38)=65,
p=.01). Planned comparisons revealed a zsignificant difference between child and adult

acceptance rates in the TVIT (£(38)=225, p=.03}, and a significant difference be-

147



Parcent Invarse Scope Interpretations,
by task and agje

]

@ Childran
B Adult

Percent Inverse Scope
Interpretation

o B &3 8

TuIT Santanca
Complation

Task

Figure 4.8: TV JT-Fentence Completion: graph of child and adult responses

tween adult rates of obtaining inverse scope interpretations across tasks (t(19)=4.19,

p=.001). Other comparisons were not significantly different.

Dizcussion

From these results, we conclude that children’s interpretations do not vary according
to task in the same way that adults’ interpretations do. We hawve seen that adults show
higher rates of inverse scope interpretations in a TVIT as compared to a sentence
completion task, Children, however, show no such wvariance. Therefore, it appears
that children are lacking the ability to integrate discourse information into selecting

an interpretation in an adult-like way.

These results suggest that it is the case that children lack the ability to integrate
discourse information into their choice of final interpretation. T'his suggests that our
analysis of the U-shaped curve of development of scope ambiguity resclution i= on the
right track. That is, children lack the ability to revise their interpretation according
to discourse information. However, older children hawe acquired adult-like parsers,

which reduces them to obtaining surface scope interpretations, appearing worse than
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their wvounger counterparts.

4.3 Summary of the Isomorphism Effect

In this chapter, we revisited the imomorphism effect, and found that while we repli-
cated the izemorphism effect with five year olds (as in Musclino et al. (2000)), 4 year
olde were able to obtain inverse scope interpretations at quite high rates. This sug-
gested that the advantage for surface scope interpretations (in children) could not be
due to difficulty in the parser obtaining the inwverse scope interpretation, under the

assumption that parsing resources increase with age.

However, we cannot conclude that four year olds are completely adult-like, [n Adult
T JT-sentence completion, we found that ‘adult’ behavicr can be described not only
by cbtaining inverse scope Interpretations on a TV IT, but also requires modulating
one’s interpretation based on task-specific information. We found that children, even
it they obtain inverse scope interpretations on a TV IJT, do not alter their answers

according to task.

This suggests that children lack the ability to use discourse information to resclve
ambiguities in an adult-like way., We hawve proposed an analysis for the U-shaped de-
velopment that we have ocbeerved, suggesting that both children’s parsers and abilities

to utilize situational information in interpretation are dewveloping.

At this point we have not determined the source of the advantage for surface scope
interpretations in adults. In the next section, we test the parsing hvpothesis in adults.
We find that a parsing-bias account for adulte would be unable to also capture the
child development results. Because children develop inte adults, it would be desirable

to capture the child and adult resulte under the same system, identifying the exact
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factors that differ between the two age groups. Therefore, we suggest that the axtra-

linguistic adwvantage for surface scope ambiguities i= on the right track for adulte.
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Chapter 5

Testing the Parsing Hypothesis

Dur central goal of this dissertation = to identify the processes involved in LEF pars-
ing. As we have discussed, there are multiple componente involved in the language
comprehension process. Therefore, to identify the processes specific to the parsing
mechanism, we must we muet also identify the relative contribution of extra-linguistic
factors to sentence understanding., Only once we have identified the effect of these
factors can we determine the affect of parsing decisions on sentence comprehension.
[n the pursuit of this goal, we hawve identified two obeervations that seem related.
One, that adults, in online processing appear to hawve an advantage for surface scope
interpretations. Two, there exizsts a point in children’s development when children axe
limited to surface scope interpretations. With respect to both of these observations,
we are attempting to determine whether the adwvantage for surface scope interpreta-
tions i= a result of strategies inherent to the parser, or the result of extra-linguistic

factors,

Mot only i=s it crucial to determine whether the advantage for surface scope inter-
pretations can be attributed to extra-linguistic factors, as a way of understanding the

parzer, it = cruclal to identify how parsing decisions change over time. That is, chil-
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dren eventually develop into adults. Because it iz theoretically undesirable to posit
that children must acquire a completely new parsing system to become adult-like, it
rmust be the case that there existe a continuity between the interpretations obtained
by children, and those obtained by adults. Therefore, if it iz the caze that children
arrive at interpretations in a different way than adults, this must be accounted for by
a single description of the language processing mechanism. This view requires that
we take data from children and adults a2 equally informative about the nature of
the parser. In this chapter, we propose a model for understanding the contributions
of development and extra-linguistic factors to LF ambiguity resclution. Thking the
empirical results that we hawe obtained thus far, we can triangulate the contribution
of individual factors to language comprehension. At the conclusion of this chapter,
we show that the child and adult results can be accounted for under one model of LEF
parzing, and that this model requires that the advantage for surface scope interpre
tations in adultz be a result of extra-linguistic factors. Then, given that ocur model
suggests that parsing decisions cannot be responsible for the advantage for surface
scope interpretations, we carry out a series of experiments with working memary
that confirm this prediction. This model strengthens cur description of the source of
[J-shaped development in the child, but ralses the question of which extra-linguistic

account can explain the adult advantage for surface scope interpretations.

In the previous chapter, we determined that children’s shortcomings cannct be a
result of difficulty in the mechanisms underlying inverse scope interpretations, as chil-
dren are able to cbtain inverse scope interpretations ab a wery voung age. We proposed
that these results could be accounted for by attributing the U-shaped development
to children’s developing parsers and abilities to integrate discourse information. We
presented an experiment that suggests that children do not integrate discourse infor-

mation in an adult-like way. In the adult demain, we hawve determined that both the
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parsing and extra-linguistic hypotheses are awvallable, as we hawve shown that a surface
acope advantage can be described by either account., Therefore, in this chapter, we
rmust utilize information from both adult and child processing to dewvelop a unified
description of LF parsing. Mow, let us attempt to formalize the relative contributions

of parser and discourse biazes, in a way that captures both the child and adult data.

5.1 Modeling Inputs to Interpretation

In this dissertation, ocur general goal is to determine the contribution of parsing deci-
sions to theresolution of LF ambiguity. In this section, we build a basic framewozrk for
describing the contributions to final interpretation. It is most likely the case that the
contributing components identified in this section can be divided inte more detailed
factors, but we will first match the empirical observations that have been made with

a broad division of contributing factors.

Previous research and cur experiments have shown that surface scope interpretar
tions are more readily obtalned than inverse scope interpretations. An advantage for
the surface scope interpretations has been shown both in online processing (Ander-
son, 2003) and in our own experiments with the IVT and speeded forced choice task.
This suggeste that, at some lewel, surface scope interpretations are more economical
than inverse scope interpretations. To this point, we hawve made few clalme as to
the source of this advantage, but hawve presented two hypotheses: either a parsing
or extra-linguistic advantage. [n this section, we suggest that a parsing preference
for surface scope interpretations in adulte i= unable to fit the adult and child data

regarding resclution of scopally ambiguous strings.
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In addition to determining the source of the surface scope adwantage for adults,
we hawe put forth a hypothesis about the child system. In TVIT reinvestigation
(section 4.1.1}, we found that four year olds appeared to be adult-like in allowing
inverse scope interpretations, but that five year olds demonstrated a preference for
surface scope interpretations. We suggested that this U-shaped development could
be described by a two stage development of the parser and the ability to integrate
discourse information. In this section, we show that, using our model of the adult
svetem, we can account for the child results with no meodifications to our model
Furthermeore, this finding confirme that the dip in adult-like performance observed in
children can only be described by an adult system in which the parser has no bias

toward surface scope interpretations.

5.1.1 The Basic Model

In this dissertation, we attempt to determine the relative contributions of the different
components of sentence comprehension. Specific to the case of scope ambiguity, a
string, as in (92), has two poesible logical forms, the surface scope interpretation

(93a) and the inverse scope interpretation (93b).
(92) Ewvery vulcan isn't as perfect as you think !

(93)  a. ¥r[vulcan(z) — —perfect{z)]

b. —%r[vulcan(z) — perfect{z)]

From our adult experiments, there are two findings that we must account for. One
iz that in general conversation, a PF (92 is cbeerved as paired with the logical form
in {93b) a higher proportion of the time as compared to (93b) (Muscline and Lids,

2008). The second finding that we must account for is the advantage for surface scope

LA dapted from http: [/ fwww startrebfans net /index. php ?showtopic=11358
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interpretations in certain tasks, This advantage i= obeerved when adults are placed in
the I¥WT or spesded forced choice task, These two findings, on the surface, appear to
be in conflict. That is, at some lewel, surface scope interpretations are preferred, but
by the conclusion of interpretation, the majority of utterances are interpreted with
inverse scope interpretations. Therefore, we must use these two empirical findings as
starting points to investigating the contributions of discourse information and parser

preferences to final interpretation.

In this section, we will consider two contributors to final interpretation: parsing
preferences and discourse information. The term ‘parsing preferences’ refers to any
choice made by the parser, independent of discourse information. This may be that
the parser prefers to select LEF: that are izomorphic to the PF under consideration
(Musoline and Lidz, 2008) or to select interpretations with the least complex deriva-
tion (Andersen, 2003). If we find that a significant amount of the preference for the
surface scope interpretation is carried ocut by ‘parser preferences’, we may wish to
identify the relative contributions of each of these (wery different) factors, but we will
not for now. The second contributing factor s extra-linguistic information {of which
dizcourse information is a large component). To simplify matters, we will assume
that a given situation is deterministic with respect to interpretation.® That i, for a

well defined discourse, that discourse yields an interpretation, as in Figure (5.1).

We azsume that at start, the grammar makes awvailable multiple possible parses,

24k this point, we have a wery poor understanding of the relewent factors that influsnes inker-
pretakion, and so, speculating firther would allow us ko gain wery litkle. Ik is possible thak o given
situation, vy, vields surface scope interpretations 0% of the time, and inverse scope interpretations
40% of the time. Howewver, ak current, we carmok distingnish this hypothesis from an altsmate whers
w1 has been poorly defined. Therefore, we must put aside the consideration of nen-detarminism un-
il we have advanced s more detaded theory of the relation betwesn o discourse context and an

ukberance.
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Figure 5.1 The deterministic nature of discouwrse environments

which will be enumerated A; and Az (there, of course, may be more, but we restrict
ourselves to two for simplicity), with equal likelihood.® We hawve very strong reason
to suspect that parsing preferences and discourse information contribute to language
comprehension, and we want to determine how these integrate in order to explain the

empirical facte concerning the timecourse of scope ambiguity resclution.

We can ask, given (92}, how much more likely iz A than A,7 The degree to
which parsing preferences push toward A over A, will be reprecented by o oy is
the probability of A as the cutput of the parser, and o, i= the probability of A, a=
the cutput of the parser. & i= the ratic of oy ower o5, This ratic avolds needing to
normalize the equation in the course of ouwr computations, This method will make the
contribution of each individual component more transparent in the calculations we
show. Because the values of oy and o3 range from 0 to 1, a value of & that 1= greater
than one represents a parsing preference for Ap, and a wvalue less than one represents
a parsing preference for A5, The degree to which extra-linguistic information pushes
toward A over A, will be represented by 4. Just a= abowve, d; = the probability of A
as determined by the integration of discourse information, and d; i= the probability of
Az as determined by the integration of discourse information. 4 i= the ratic of §; over

4z, again to avold normalization. Because the values of §; and J; range from 0 to 1.

5Thiz may not be the case, but we will encode the ‘preference for one derivakion’ as » parsing

prefarence, and not s product of the granumear.
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Again, a value of § greater than one represents a discourse preference for Ap, and a
value less than one represents a discourse preference for A, Additiconally, as has been
discussed earlier in this work, there exist other types of extra-linguistic information
that are not part of the integration of discourze information, such as demands placed
by the task., We will discuse these factors when the relevant experimental discussion
arizes, but we will not build values for these factors into the model. There are likelw
many different types of extra-linguistic information that fit into this category, and it
iz not the author’s belief that collapsing these factors inte one numerical walue will

provide any illumination on the current investigation.

Let us lock at the szcope ambiguity case, in which one string has two possible
logical forms. We will call the surface scope interpretation of the string Ay, and
the inverse scope interpretation Az, We can express the owerall preference for %: as
shown in Equation (5.1}, A number greater than one represents a push toward Ap,

while a number less than cne represents a push toward A;, and i= the product of the

contributions of each of the individual components we hawve cutlined abowve,

p(Ae)
plAe) X0

(51)

Let us run through an example here, Assume that parsing preferences make it
two times more likely that the surface scope interpretation will be chosen owver the
inverse ecope interpretation, resultingin o = 2. Let us assume that the extra-linguistic
information does not contribute any additional information, resulting in § = 1. Then,
the final cutput of this system (2 x 1 = 2} is that A is two times as likely to occur

a8 Ayt

20f course, here we can wonder whak the upper bound on thess wlues are. That is, given =
theory where the parssr has surface scope as a default nterpretation (Lidz and WMusoling, 2002
Musoling and Lidz, 2005), o; should be, in theory 0, making o; sn infinitely high number. This
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5.1.2 Description of the Adult System

We have proposed that there are two components important to final interpretation:
parser preferences and the effect of extra-linguistic information. Our first task i= to
describe the adult svstem under these parameters. Empirically, we have observed that
even though a scopally ambiguous stringsuch as (94) has two possible interpretations,

these interpretations are not equally likely across experimental tasks.
(94)  Ewery wulcan doesn't believe in mind melds ®

For example, adults interpret sentences like (94) with the inverse scope interpretation
100% of the time in Truth Value Judgment Tasks when the situation makes the
interpretation true, but only 30% of the time on the Incremental Verification Task
(IVT: TVIT).

One way to determine the relative contribution of parsing preferences iz to attempt
to look at the cutput of onlv that compenent, and determine if there is an advantage
for one interpretation. We can attempt to do this by eliminating the effect of extra-
linguistic information. That is, given an empirical value for g-{j—:jl, and assuming only
the wvalue for ¢ = contributing to this value, we obtain Egquation (5.2) {which, i=

equivalent to Equation (5.1) with § = 1),

()
2 Ae)

potaitial problem reflects on a brosder debate about what it mesns to be s defanlt, whether the

=g (5.2)

parser will always output the surface scope interpretabion, or whether ik oukputs the surface scope
interpretakion o high peresnksge of the time. A simple remedy for the current problem is ko posit
that ewen if surface scope interpretations are o defaulk, there always exdsts some slim probability
that inverss scope inkerpretations will be the oukput of the parssr. The exact formulakion of parsing
defanlts must be left for future ressarch by those whe support a parsing defanlk account.

54 dapted from wwrw frontierflest. com/d atabase xenclogy phptid=197
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Az an attempt to eliminate the contribution of the extra-linguistic component, we
developed a task in which the effect of discourse and task information i= minimized.
TV JTe work under the assumption that an adult will consent to the statement if
the statement iz true in the situation, creating a responee bias in the direction of
the true interpretation. This i= because this task was developed to test the existence
of an interpretation, and cannot be used as any indication of preference. Although
intuitively, sentence completion seems a= if it makes both interpretations equally
awvailable, our sentence completion task involwes pictures, which may impose some
real-world discourse bias. A task which biases interpretation as little as possible,
and requires the least in situational support i= a question-answering task, without

illuztrationzs. We review this experiment below.

5.1.3 Experiment Seventeen: Non-Biazsed Reading Experi-

ment

[n this experiment, participants are presented with a paragraph (below), that haz a
scopally ambiguous string in it, and will be referred to as the target sentence (which is
presented in bold here, but was not differentiated in presentation to the participant).
While the paragraph makes both interpretations awailable, neither i= mentioned ex-

&

plicitly, nor is there a bias for either interpretation.” Therefore, this experiment

aims at determining the walue of ﬁj—ﬂ-, by determining the obeerved probability of Ay,

without discourse information calculated as an input.

There was a party at Farmer Jon's farm. A bunny from Hilledale, a bunny
from Stonvbreock and a bunny from Camelot came. Farmer Jon offered

carrots all ar ound, but they were purple. He also had some cauliflower. Al-

SThis iz in contrast to the ssntence completion experiment, where it is explicitly staked thak some

items are acked on by wone of the participants, and some are acted on by ot afl of the participants.
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though the bunnies were all hungry, each one thought that purple carrots
might not taste too good and considered eating the canliflowsr instead.
But, there was a lot more of the purple carrots and Farmer Jon kept say-
ing how good they were. He really hoped that they would all try them.
EBut in the end, every bunny didn’t eat a purple carrot. At the end

of the day, the bunnies had a cool glass of celery juice to drink.

[n this task, we are striving to reduce the discourse biases in interpretation.’
Motice, that in this tazk, the target sentence is embedded in the paragraph. The
par ticipant is asked for interpretation after the conclusion ofreading the paragraph, by
responding to a question. By embedding the sentence in the midst of the paragraph,
we attempt to minimize the chances that the participant will recall the exact form
of the sentence, and instead recall only the meaning of the sentence. Bransford
et al. (1972) found that participants recall giets, and not exact phrasing. This is
particularly the caze when the target sentence i= embedded among other sentences, a=
remembering the exact phrasing of nine sentences certalnly exceeds standard working
memory capacity, Therefore, we azsume that the target sentence would be encoded
only by ite logical form (the meaning), and the structure of the sentence would not
be stored. [fitis the case that the question prompts reanalveis, this reanalysls would
not be available. For this reason, we assume that in this task, adults are interpreting

the scopally ambiguous string according to their parsing preference,

Following the paragraph, the subject is asked to respond to the guestion in (95).

(95) Did some bunnies eat a carrot?

TOf courss, thare is much to say here Becauss we do not know what factors contribute to adult
inkerpretakion, it iz difficult to eliminate them. Purthermore, it is difficult to give enough context to
make felicitous the use of a scopally mmbiguous string, while not biasing ather interpretation. We
did our hest.
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[f the participant interpreted the target sentence with a surface scope interpretation,
thev would answer ne, because it is not true that some bunnies ate a carrot. Howewer,
it the participant interprets the sentence with an inverse scope interpretation, they
would respond yes, because there are some bunnies who ate a carrot® Therefore,
the participants’ response to the question reveals how they interpreted the target

sentence in the absence of a declsive =ituation.

hlaterial: and Methodology

Participants were told that they were in a reading comprehension task, and that their
task was to read a paragraph and answer a Y/ question about the content of the
paragraph. After inetructions and practice rounds, subjects were presented with a
paragraph on screen. When they had finished reading the paragraph, they pushed
the space bar on the kevboard, and a question appeared. The participant indicated
their response (either a yes or no answer) by pressing one of two labeled keys on the

keyboard (F and J).

The experiment contained a total of 20 stories: 12 target stories and & filler stories.
BEach target story was presented in cne of two wariations: either with a negative
target sentence (as shown above), or with a positive target sentence. The 12 target
stories were followed by either a control or target question. The 8 filler stories were
each followed by a filler question. This design resulted in a distribution of the 12
target stories as follows: each participant received three target questions {negative
target zentence followed by target question) and nine control questions (positive target
sentence or negative target sentence followed by a control question, as described
below). [t was randomized across participants which question type was assoclated

with which story.

#This, of courss, relies on the Gricsan implicabure that rot al implicates some.
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The control items were designed to verify that adulte were interpreting seme and
all as anticipated. An example control question is shown in (98), and appeared after

the paragraph presented abowve,
(96) Did all bunnies eat a carrot?

The expected response to (98) &= me, because the paragraph explicitly stated that

every bunny didn't eat o carvot (on either interpretation of the target sentence).

There were two further control conditions, which followed the stories with an af-
firmative target statement, every bunny afe a purple corret,. This paragraph was
followed by either of the questions in (95) and (96). In this case, the expected re-
sponse for (95) was yes. However, if a subject made use of the Gricean implicature
that some means net all, then they would answer ne, and this response would not be
scored as incorrect. The expected response for (96) is ges, as the paragraph states

that all of the bunnies ate a carmt,

The filler questions reference parts of the paragraph that were not the target sen-
tence, so that participante could not complete the experiment by simply reading one
sentence in the paragraph. An example filler question is shown in (97). Filler stories
were presented with either a positive or negative target zentence (just as for targets)

to fully mimic the design of the target items.
(7] Was it a cauliflower the bunnies considered eating?

Halt of the filler questions had ges as the correct answer, and half had no az the

correct answer,
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Participants

20 adult subjects participated in the experiment, with one adult replaced in the de-
sign for poor performance on control trials (less than 707 correct). All participants
were undergraduates from the Univerzity of Marvland, Participants received either
payment or course credit for an introductory course for their participation. All pax-

ticipants were native speakers of English.

Results

Acroes all responszes, 48.3% of the trials were answered with the response consistent
with the inverse scope intepretation (a ‘no’ response). 9/20 participants obtained

surface scope interpretations on all trials, Mo trials were excluded from analveis.

O r-rHWL*AMN 4 oub

L 2

Figure 5.2 MNumber of Surface Scope Interpretations: MNon-Eiased Heading Task

A histogram of responses 1= shown in Figure (5.2). The distribution i= largely
bimodal, with 17/20 participants obtaining one interpretation in all trials in the

experiment.

Performance on control trials was 34% correct. (This calculation excludes some
control questions following an affirmative target sentence, because both a ges and no

response are appropriate. Including these trials makes performance 98.1% accurate).
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Discussion

Adults access the inverse scope interpretation at arcund chance level, when decizive
dizcourse information is absent. Motice that we observed a bimodal distribution of
participants. Thizs is consistent with either one of two possibilities. Pirst, it may
be the case that each participant has an around chance probability of picking either
interpretation, and in the course of the experiment, the participants maintain the
same interpretation. Second, it may be the case that there i= a bimodal split in the
population, with half of the participants having a parser with a surface scope bias,
and the other half with an inverse scope blas. For obvious reasons, this second option
is theoretically undesirable unless it iz a last resort description of the facts, Further-
more, it would be difficult to formulate the contribution of any tvpe of information
on interpretation if for half of the population, the information required revision to
surface scope interpretations, and for the other half, triggered revision to the inverse
scope interpretation. Therefore, we suggest that the first option is the casze, and the
bimodal distribution is the result of priming within the experimental context. There
fore, we can infer that the probability of A, i= 5. This finding i= consistent with
our sentence completion results, Therefore, the cheervation for B(2a) assuming no

o)
plas)’

discourse infor mation, is 1.

This forces us to infer that o 1= 1. Of course, this does not necessarily mean that
there are no parser preferences at all, simply that there i=s no ewerall parser preference.
That is, it may be the case that the parser has a preference for PF and LF pairs
that are isomerphic, but that simultanecusly, there are language-specific preferences
that bias toward inverse scope interpretations, in a proportion that cancels cut the
overall effect. Eecause we hawve not separated out these different twpes of ‘parser
preferences’, we cannot tell here, Our point is that, cverall, there appears to be no

parser preference for these types of sentences. Therefore, we can furthermore infer
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that the preference for inwverse scope preferences obeerved in corpora i a result of
extra-linguistic pressures. We would represent this relation in the series of equations

presented in Equation (5.3)- (5.8).

zgj —ox§ (5.3)
% —ox§ (5.4)
33=1x4 (5.5)

33=3 (5.6)

We begin in Equation (5.3) with our baseline equation. In Egquation (5.5), we
subetitute for our observed corpus occurrence (here, 75% observations for inverse
scope interpretations. This azsumption is spelled out in section 5.2). In Equation
(5.6), we solve for the walue of §. Notice that this is a & that averages over all

discourses,

The adult data suggests there iz little evidence for an overall parsing preference
for surface scope interpretations. [f we assume that children begin with architec
tures quite similar to those of adults, and can pinpoint the scurces of change, then
we can use our current system to fit the behavior of children. Specifically, recall
that in TVIT reinvestigation, we observed that four wesr olds obtained adult-like
interpretations on a TVJIT, but that five vear olds rewverted to surface scope interpre
tations. We suggested that these data could be accounted for by children beginning

with non-adult-like pareers, and furthermore, acquiring the ability to integrate dis-
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course information. Mow, we will show that this suggestion indeed functions under

owur current system,

5.1.4 Description of the Child’s System

To describe the U-shaped pattern of development in children’s ability to resolve scope
ambiguities, we proposed two factors in children’s dewvelopment. We suggested that
both the parser and children’s abilities to integrate discourse information were de-
veloping, We suggested that four wyear olds had non-adult-like parsers, in that they
contained a bias for inverse scope interpretations. At the next stage, we suggested
that children obtained adult-like parsers, but lacked the ability to alter their interpre
tation according to discourse. Adulte hawve adult parsers {(which we have determined
hawve no parsing bias for either interpretation), and the ability to integrate discourse
information. In this section, we will show that, using the system we hawe already

outlined, these assumptions about U-shaped development indeed describe the data.

In cur model, we hawve two contributors to interpretation, parsing preferences and
extra-linguistic information. For simplification, we will assume that the largest con-
tributing component of extra-linguistic information i= discourse information, and we
will speak of children’s abilities to integrate discourse information. Howewver, in fact,
children are most likely acquiring other extra-linguistic gkills, as well. Our first claim
about children i= that they do not use discourse information to disambiguate sco-
pally ambiguous strings in adult-like ways (Trueswell et al., 1999; Muscline and Lids,
2008). To model this, we will remove the contributions of the discourse information

(and extra-linguistic information) from the equation® To model children, we will

51t iz an ope question as bo whether thiz compeonent is underdewloped | or simply if the weights
thiz component contributes to the aslection constraink are not sst. In any case, this will play the

same explanatory role for us.
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make the assumption that children lack the contribution of 4.

From TV JT reinvestigation, we found that 4 vear cld children behave adult-like in
a Truth-Value Judgment Task, but 5 year clds do not. Children are presented with

a story, and a target sentence in (98],

(98) FEwery mouse didn't eat a plece of cheese

[n this task, adults assent to the statement (consistent with the inverse scope in-
terpretation) 76% of the time. The four yvear olds, 4;5-5,2 (mean 4,9), give a response
conslstent with the inwverse scope interpretation 78% of the time, not slgnificantly
different from adulte. 5 year olds, 5;3-5;7 (mean 54} however, give inverse scope in-
terpretations 53% of the time,'” significantly less often than the four year old children
(t(28)=2.05, p = .05).

Therefore, four year olds are adult-like in their performance on this task, while &
year olde are not. We suggested that the difference between four and five year old

children was a difference in parsing preferences. Let us make this idea more concrete,

We hawve claimed that four vear clds hawe non-adult-like parsers. That i, four
vear olds obtain their inverse scope interpretations via a parser that i= blased towards
inverse scope interpretations. We will assume the child begine with a grammar that
allows for two interpretations for a scopally ambiguous string as in {98), as it has
been shown that children’s deficits are not grammatical in nature {Gualmini, 2004;

Muscline and Lidz, 2008). We will additionally assume that the child attempts to

1% can say that ak yesr 5, only half of the children hawve entered this phass, snd drop to 1007
isomeorphiam [single generation). Albemakively, we can say that all kids hitk this drop, and becanss
thereis dual generation, 50% of the children get inverss scope (on the first trial), and 50% get surface

stope.
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match their interpretation (that iz, the zelection of an LF, given a PF) to what they
obeerwve in theilr input by adjusting o, Assuming that the child receives standard

adult usage in their input, this yields Equation (5.7).M

=0 (5.7)

We hawve a child who, with limited resources, attempts to match their language
production svetem such that, when encountering a FPF, it aligns with the proper LF,
at the rate in which this occcurs in the environment. Of course, this assumes that a
child i= able to perceive which logical form was intended by the adults around them,
which i= most likely not a benign assumption. However, if we are to assume there
exists a contribution of discourse information to an interpretation, then this must be
learned in some way. Therefore, while it iz clear that the cbeervation problem i= a
difficult one, we put it aside for now. This non-adult-like parsing bias (without any
input of discourse information), then, can describe the young children’s preference for

inverse scope interpretations.

We have claimed that five year olds obtain the adult-like parser (that iz, the adult
parzing bias, or lack thereof), but still hawve no ability te integrate discourse informa-
tion into their selection of an interpretation. As we hawve determined that adults hase
no parsing bias, it then follows that five wear olds, in obtaining an adult-like parser,

would have no parsing bias. This yields the equation in Equation (5.8).

E=g (5.3)

This results in 5 vear olds obtaining surface scope interpretations 50% of the time,

e assume that the child obssrves T5% inwerss scope interpretations. This corresponds to (33

(1/4 obssrvwences are surface scope, resulting in & 1 to 3 ratio of surface scope interpretations).
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the ocbeerved result. Therefore, we suggest that the five year olds can be described as
suggested by our U-shaped analysis, by having adult-like parsers. Howewver, children
of this age group are lacking the ability to use discourse information as a means of
influencing their cholce of interpretation. Of course, it seems clear that the notion
of ‘discourse information’ must be broken down into further components, as it is
certainly the case that children of this age can participate in conversational acts, and
do not entirely ignore information about their interlocutors. The correct analveis is
most likely that there are some compenents of discourse information that children arxe
sensitive to, and some components that children of this age are not sensitive to, and
that there iz a correlation between the factors they are not sensitive to, and the factors
that guide selection of an interpretation in adults. For now, we will oversimplify, and
call the range of components *discourse information’. This i= not meant to imply that

there is nothing more nuanced to this notion.

To become adulte, children must acquire the ability to integrate discourse informa-
tion into their selection of an interpretation. At this peint, we hawe no account of
how this works, [t may be the case that children had the ability to obesrve discourse
all along, but simply could not use the information to inform their cheice of an inter-
pretation. Here, we will simply outline an idea for how a child may notice that they

need to utilize discourse information to match adult usage.

When the child only has &, they are computing the likelihood of LFs, given a PF,
without the ability to use this information contributed by the discourse context. That
iz, the child takes the observed frequency of PF/LEF palrs, and distributes it across

worlds, as shown in Figure (5.3).

The result i= that the child, essentially, has a probabilistic mechanism for deter-

mining scope assignment independent of discourse,
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Figure 5.3: The child’s view of the discourse context

The child will obtain the same interpretation, regardless of the discourse enwvi-
ronment around them. Because this i= not how the adult system works, we must
describe how the child would become adult-like. This i=s a two-step process. Firset,
the child has to notice that there exist different discourses, but is still unable to at-
tribute linguistic relevance to them. Hecall, there are some worlds for which adults
obtain alwaye surface scope interpretations, and some for which they obtain only in-
verse scope interpretations. At some point, the child will realize that in a discourse,
wi, they will predict 25% surface scope interpretations (as they have distributed the
percentage over situations), but adults in that discourse always obtaln inverse scope

interpretations, as in Figure (5.4).

®
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Figure 5.4: Child and Adult Comparison of Interpretation

[t iz then that the child will realize that they must alter their interpretation
according to discourse, and therefore, utilize 4. That iz, the child will be able to use

discourse information to alter their interpretation.
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5.1.5 Conclusions

We began investigating the advantage for surface scope interpretations in both chil-
dren and adults. From our experiments, we determined that the advantage for surface
scope interpretations obeerved in adults could not be explained by a simple parser
biaz for surface scope interpretations. We created an experiment that minimized the
contribution of discourse information to the experimental situation. In this experi-
ment, we found that adults were at chance with respect to interpretation, in line with
our sentence completion results, This suggested that overall, there are no parsing
preferences that contribute to final interpretation. This suggests that the generation
of alternatives {at least, LF alternatives) does not give any privileged status to either
interpretation. This suggests that the advantage for surface scope interpretations

found in the [VT and speeded sentence completion tasks is an extra-linguistic effect.

Furthermore, we reviewed our initial analysis of the U-shaped pattern of dewel
opment of ambiguity resclution in children., We showed that an analysis in which
children began with biased parsers, and later acquired adult-like parsers can describe
the empirical evidence. Importantly, we were able to model the experimental results
using the same svstem that we poeit for adults, This suggests that ocur analysis i= on
the right track. Determining how it i= that children acquire the ability to integrate

discourse infor mation into final interpretation i= a question for future research.

Importantly, this account has allowed us to formulate cur intuition that the adult
and child parsers must be related, with changes in only a small number of factors.
This is a desirable finding, and opens the possibility that there are aspects of sentence
processing we can only pinpoint by combining empirical evidence from both children

and adults,
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5.2 Assumptions about Corpora and Inverse Scope

Interpretations

In the previcus section, we assumed that the cbeerved rate of inverse scope interpre
tations for scopally ambiguous strings is 75%. [deally, we would search corpora, code
for interpretation, and arrive at an exact number. However, for reasons we describe
below, determining an intended interpretation i= not so stralght-forward. Therefore,
we hawve chosen the number 75% to capture the previous reports that surface scope in-
terpretations are preferred, but that surface scope interpretations de occur {Muscline
and Lidz, 2008), Our claims would not be changed if this number actually turns out

to be 65% or 907, a= along as it & a majority of the time.

Ag Musoline and Lidz peoint out, there are certainly a large number of cases in
which one can be sure inverse scope i intended, just from text alone. One such

example is in (99).

(997 Of course, everybody didn't get conned. Sherrod Brown didn’t. Dennis
Kucinich didn't.

medac, blogspot. com /2007705 fvoinovich-on-irag- everybody- got- conned. html

Because the scopally ambiguous string is followed by a list of people who didn't
get conned, we infer that (99) means net everyone got conmned and not the surface

scope interpretation meo one gof conned,

There are alzc cases where the surface scope interpretation i= clearly intended, as

in (100) and (101).

(100) I decided tostay down here because everybody didn’t think [should commoute.

Whenever [ told people [ might not consider moving down here, evervbody
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had the same shocked expressions.

http:/ fwwen. jackiechan. com/message_thew¥cid =642

(101} You just have to make sure everyone on your committes isn’t out of town

fllen Lan, on picking o defense date

[n these cases, either the following text or real world knowledge makes the surface
scope interpretation clear. In (100), the sentence following the scopally ambiguous
string confirme that everyvone shared the opinion that Jackis Chan should not com-
mute. Real world knowledge (that one holds defense dates with all of one’s committee
present) forces us to interpret (101) with the surface scope interpretation nome of your
commitics 45 out of fouwm. An informal survey by the author found numerous exam-
ples of such surface scope interpretations, suggesting the ‘one of dozens’ found by

Muscling and Lids may be a low estimate.

Despite the presence of these clear caszes, many scopally ambigucous strings are
difficult. to interpret. This seems contrary to cur intuition, since a listener, when
encountering such a string, has no trouble arriving at a meaning. However, in many
cases, both the surface scope and inverse scope interpretations are consistent with
the situation. Let’s lock at an example from Muscline and Lidz that is claimed to

hawve an inverse scope interpretation, shown in (102).

(102) Ewerybody doesn't hawve to be the same

Musolino and Lidz (2006)

The two interpretations for (102) are not everyone has to be the same or no one has
to be the same. While it i= certainly the case that the inverse scope interpretation is
true, it may aleo be the case that the surface scope interpretation i= true. There iz no

information present that decisively selects an interpretation. [n fact, in conversation,
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the actual interpretation may not serve an important discourse function. That is, it
iz peesible that different listeners interpret (102) with different interpretations, and

thiz seldom has an effect on the following discourse,

Another reason that interpretation can be difficult to pinpoint i= that the domain
of quantification iz determined by the intentions of the speaker. [n example (1007, it
iz probably not true that everyone in the Indted States thought Jackie Chan shouldn®t
commate. Likely, it meant that everyone #hat Jackie Chan falked fo thought #hat he
shouldn't commaute. If someone hearing {100) thought the ‘everyone’ meant ewveryone
in the [Umited States, then the sentence would be true only on the inwverse scope
interpretation. Howewver, in this case, it was intended to be true under the surface
scope interpretation. Therefore, having the incorrect domain of quantification could

also give rise to inappropriate scope interpretations.

Chue to the vast number of sentences like (102) (see (103-104) for more examples'?),

we do not believe it 1s possible to obtain an falr estimate from a corpus for inverse

scope interpretations.

(103) Ewerybody didn’t know what was happening.
wen, nsagd. ory S doi/ digiko /myo/ 4 7. html

(104) What should we do when everything doesn’t go cur way...?

driazzi. blogspot. com 2007/ 0T/ when-everything-doesnt- go-your-way html

(105) Eweryone doesn't like everyone

preggiepoos blogspot.com /2007, 10/ everyone- doesnit-like- everyone. html

Therefore, in thiz work, we use the estimate of 75% inverse acope interpretations,

because we beliewe it is, in principle, impossible to obtain a fair estimate of inverse

1241 web citakions were found using Google.
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scope interpretations from a corpus. This raizes the question of how children learn
acope preferences in the adult language, and what role these ambiguous sentences

play. We leave this issue for future research.

This i=sue aside, we would like further experimental confirmation that the advan-
tage for surface scope interpretations in adults are not the result of a parsing prefer-
ence, In the next section, we turn to using working memory a2 a tool to investigate

the factors that contribute to final interpretation.

5.3 Working Memory

m-structure parsing involves the construction of a representation from a string of
words., [n order to build a constituent structure, a listensr must heold the words that
constitute that structure, and then compose those words into an sstructure repre-
sentation. This process must be done within the cognitive capacities of the listener,
because all of language i= processed through a human mind. The requirements on
the construction of a LF are no different. That s, even assuming an s-structure
reprecentation, the listener must derive an LF tree from this representation, imple
menting the manipulations necessitated. In the domain of s-etructure parsing, it has
been shown that limitations on a listener’s working memory impair their ability to
build s-structure reprecentations. That iz, it has been shown that adults with lower
working memory capacities hawe difficulty maintalning multiple interpretations of an
s-structurally ambiguous sentence {Macdonald et al, 1992). This suggests that be-
cause adults with lower working memory capacitiss have less working space awvailable
for the building of sstructure representations, they are restricted to building only the
simpler available of multiple interpretations. [t i= alzo possible to replicate the effects

of limited working memory capacity by exposing adults to a concurrent task, which
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temporarily limite their working memory capacity.

[f it is the case that there existe inherent difficulty in the construction of inverse
scope interpretations, then we expect the same resulte to arise in this domain, That =,
it it iz the case that the buillding of the logical form associated with the inverse scope
interpretation of ascopally ambiguous string i= more difficult than building the logical
form associated with the surface scope interpretation, then we expect working memaory
limitations to impact an adult’s ability to obtain inverse scope interpretations. bore
specifically, in a task where an adult is given a concurrent load, which presumably
reduces their working memeory capacity, we expect the adult to obtain high rates of

surface scope interpretations.

Howeever, if it iz the case that inverse scope interpretations pose no additional pro-
cessing cost with respect to the parser, as we hawve suggested, then we expect there to
be no effect of working memory manipulations. Therefore, we want to determine if
the ‘difficulty’ assoclated with cbtalning inverse scope derives from factors internal to
the parser or from extra-linguistic factors. Such extra-linguistic factors may include
discourse information or wverification of the interpretation with respect to the world
[n this section, we utilize the non-biased reading task, a task that allowe for interpre
tation without a rich discourse, allowing us to empirically test between the parsing
and extra-lingulstic hvpotheses, If it iz the caze that working memory rescurces axe
taxed in the process of obtaining inverse scope, then we expect adulte to obtaln sur-
face scope interpretations at higher rates under a working memoryv load, due solely
to the decreased parsing resources available. Howewver, if it iz the case that the Jiffi-
culty can be described by the consumption of working memory rescurces during the
integration of discourse information, then we expect that working memory load, in

this task, should reveal no interpretive effect.
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Let us first cutline cur basic assumptions about working memory. We will be
working within Baddeley’s model of working memory (Baddeley and Hitch, 1974;
Baddeley, 1986). We hawe chosen this framework because it iz the cne in which the
most research on language comprehension has been conducted, not because we require
any specific components of the architecture. What is crucial to us i= that the model
assumes limited processing resources, and that these are the same resources required
in maintaining attentional focus.'®

Baddeley's model has a central executive component which has a limited amount
of processing space. There are two slave systems, the phonological loop and the

visuo-spatial sketchpad, as sketched in Figure (5.5).
Loop spatial
@ Cantral )
Exacutive

Figure 5.5 Sketch of Baddelev's Working Memory Model

The phoncological loop is essential for speech perception, and the central executive
has been implicated in higher level language comprehenzion (Baddeley et al., 1934),
The phencological loop = required for maintaining the lexical items in the speech
stream, until the hierarchy of an s-structure representation can be built, Therefore,
the phonelogical loop plays an important role in language comprehension. However,
the capacity of the central executive svstem also plays an important role in language

comprehension. It has been shown that limitations of central executive will lead

1%Thiz could also be captured by Cowan’s meodel, in which there is a focus of atbention and
activabed long berm memeory, each component which has processing limita (Cowsan, 1993). The logic
wonld still follew.
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to poorer performance on other tasks that utilize the same resources, like language
processing.  With language comprehension, previous research has shown that low
gpan adults hawve difficulty in the processing of syntactically complex sentences, One
example is a study done by King and Just {1991), which found that participants with
low working memory spans had more difficulty with syntactically complex sentences
than those with medium cr high spans. King and Just compared participant’s reading

times of strings containing subject {108) versus object (107) relative clauses.

(106) The reporter that attacked the senator admitted the error

(107} The reporter that the senator attacked admitted the error

Strings containing object relative clauses are more complex because reporter is both
the subject of the main clause and and the cbject of the embedded clause. King
and Just measured reading times of these strings with low, medium and high span
participants. They found that low span participants were slowed down more in the
object relative clause case than the subject relative clause case, particularly at the
second wverb, which is posited to be a peoint of increased working memory difficulty.
Specific to the case of ambiguity resolution, Macdonald et al. {1992) showed that low
gpan adults have difficulty maintaining multiple interpretations, as compared to high
spans. This suggests that a limited working memory capacity impairs one’s ability to

fully process syntactically ambigucous strings.

Taxing the central executive can occur in a varlety of ways: a) the participant
may hawve limited resources to begin with {low-span participants), b) high syntactic
complexity of the material being processed or ¢} concurrent load {(Carpenter et al.,
1994). For example, Waters et al. (1987) found that articulatory suppression affected

adults’ ability to process syntactically complex sentences.
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For the inmvestigation of LF ambiguity resclution, this logic easily translates. [t
seems that ambiguity resclution requires resources, and we want to know if scope
ambiguity patterns in the same way, The parsing hypothesis claims that obtaining
inverse scope interpretations = difficult, and requires central executive resources (put
differently, scopally ambiguous strings are just one specific type of a syntactically
complex sentence). If this is the case, then we expect that accessing of inverse scope

interpretations will be more difficult in a situation where there iz a concurrent load.

We will hawve participants participate in the non-bissed reading task, while perform-
ing concurrent load tasks, Creating a concurrent load task, such as hawing partici-
pante listen to irrelevant noise, eliminates the need to do independent memory epan
tacks on each participant. Assuming that a concurrent load task limits the amount
of working memory resources available for sentence comprehension, we can determine
whether scope interpretations are affected by limited working memory. If we cbeerve
that surface scope interpretations increase under load, then we can infer that ob-
taining inverse scope s more difficult, by virtue of the nature of the representation.
Howewver, if we find no evidence that load affects interpretation, it would appear to
be the case that inverse scope interpretations are not more complex than surface
scope interpretations. If this is the case, then we may conclude that the surface scope
advantage 1= due to extra-linguistic factors, and not as a result of parsing difficultys

associated with the syntactic complexity of the representations.

5.3.1 Experiment Eighteen: Artificial Language Word Span
Experiment

[t has been shown that irrelevant speech disrupts the accuracy of recall of a waord list,

suggesting that the epeech = processed, and overwrites information that should hawve

been stored {and rehearsed) in the phonological loop (Celle and Welsh, 1978). We
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hawe presented some research that suggests that disrupting the information stored
in the phonclogical loop alse disrupts higher-lewel language processing. We want to
use this finding to determine whether disrupting speech affects the process of scopal
ambiguity resclution. First, however, we must determine that we hawve identified
a sample of irrelevant speech that will disrupt storage in the phonclogical loop, to

replicate previous results.

In this experiment, we attempted to tax the pheonclogical loop by playing partici-
pants artificial language stimuli as we tested word span. We used artificial language
which approximated English, under the assumption that this would be processed, and
use up central executive resources (because we are working under a limited processing
capacity model). If it i= the case that this stimull disrupts the participant’s ability
to recall a word list, then we can use this same stimuli a2 a concurrent load task in

testing the resclution of scope ambiguity.

baterial: and Methodology

Artificial language stimuli were artificial one-svllable words, presented in randem
order by a Payecope script.! These non-words followed the rules of English phoncology,

and were plausible non-wor ds.

The word span task tested the length of a list the participant could recall. Two
sets of lists were created for the experiment. Fach set contained liste of words which
ranged in length from cne to nine words, in increasing order. Words were two syllable

IR

words chosen at random.™® The lists contained no overlapping words, and no list

contained words which were clearly semantically or phoncologically related.

WThe stirmuli were areated independently for an artificisl langusgs experiment by Eri Takahashi.

1541 words sslected were found on cun. com, and thersfors, were assumed to be in comumon usage.
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Participants were told that their task was to recall as many words on the list shown
to them, in crder. Participants were given 1second per word on the list to memorize
the words, followed by 1 second where the list would disappear. During this time, the
word weadt appeared on the screen, to indicate that the participant should not begin
recall. After this time, the participants were prompted to recall the list {in a written
format) on a piece of paper. Participants had an unlimited amount of time to recall.
When the participant had finished recalling the items, the participant would progress
to the next list. This continued until the participant could no longer recall all of the

words on the list,

Each participant participated in tweo conditions of the experiment. [n one condition,
the tazk was presented exactly as described above (the no-socund condition). In the
second condition, the participant performed the task abowve while a loop of artificial
language played concurrently (the sound condition). List and condition combinations
were counterbalanced. Two liste of words were created, as described above: List A
and List B. Participante were divided inte four groups: Group one, two, three and
four., Group one and two were given List A firet, and Groupe three and four were
given List B firat. Groups one and three began in the sound condition, while Groups

two and four began in the no-sound condition.

The entire sesslon lasted for 2 sessions of approximately 5 minutes each. The two

sesslons were separated by approximately 30 minutes by an unrelated filler task.

Fredictions

[f it is the case that artificial language disrupts storage in the phonological loop,
and therefore, taxes working memory, then we expect participants in the artificial

language condition to recall fewer words than in the no-artificial language condition.
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[f it is the case that we hawve not found an adequate task to tax working memory,

then we predict there to be no effect between conditions.

Participants

20 adulte participated in thi=s experiment. Mo participants were excluded. Partici-
pants were graduate or undergraduate students from the University of Maryland, and
received either course credit or monetary compensation. All participants were native

speakers of English over 18 wears of age.

Results

In the no-sound condition, participante recalled an average of 4.65 words. In the

sound condition, participants recalled an average of 3.65 words, The two conditions

are significantly different {t{19)=-3.98, p=.001].

Dizscussion

[t appears that the artificial language, which, by hypothesis, would require phonolog-
ical loop processing, had an effect on word span. Therefore, we can be confident that
we hawve identified a set of atimuli that impacts phonelogical loop storage, This finding
conflicts with a study performed by Martin et al. (1988), who found that non-speech
had the same effect as white nolse on reading comprehension (a null effect), while
speech Impacted comprehension. [t = possible that the artificial language presented
in this experiment served as a more accurate representation of genuine speech, and
therefore caused asimilar disruptive effect as speech. Given that we have determined
that this artificial language disrupts phoncological loop storage, we will use this stim-
uli in the next task to test the effect of rrelevant speech on the resclution of scope

ambiguity,
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5.3.2 Experiment Nineteen: Artificial Language and Scope

Experiment

This experiment attempts to tax the phonological loop, as a means of limiting the
amount of processing space in working memaory. This works in two waye: by erod-
ing the information in the phoneolegical loop, making it unavailable for subsequent
retrieval, and by increasing the amount of processing required in the phonclogical
loop, draining resources from the central executive system (because we are work-
ing in a limited capacity model). With respect to the first point, Baddeley et al.
(1987) claim that the phoneclogical loop iz used as a backup for storing sentences that
require further analveis. While simple strings are comprehended in real time, some
complex sentences (such as semantically reversible strings and those containing center
embedded clauses, as in (108)) require further semantic analysis, requiring a stored

representation of the sentence to refer back to (Saffran and Martin, 1975).
(108) The Klingon that was kicked by the Vulcan had a black shirt

The parsing hypothesis assumes that the surface scope interpretation i= a default,
and that accessing inverse scope requires revision., Therefore, the parsing hypothesis
requires that revision ccour. [f revision occcurs the same way for scopally ambiguous
strings as for syntactically complex sentences, then we would expect that eroding
the phonclogical loop may prevent this revision. As we have seen, one way to tax
the phonological loop Is with Irrelevant speech. Colle and Welsh (1978) found that
irrelevant epeech disrupts the recall accuracy of a word-list, suggesting that the speech
iz processed, and overwrites information that should hawve been stored {and rehearzed)
in the phoneological loop, With reepect to the second point, decreasing the amount of
processing space in the central executive eliminates participant’s ability to maintain
multiple interpretations of an ambiguous sentence, as discussed above, Therefore, the

presence of a concurrent task that may impact the availability of processing space,
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under the parsing hypothesis, should also limit a participant’s ability to maintain the

more difficult, inverse scope interpretation.

In this experiment, we give adults the non-blazed reading task, We attempted to
tax the phonclogical loop by playing participants artificlal language stimuli a= they
performed the task, which subjects reported as mildly disruptive, but tolerable. We
used artificial language which approximated English, so that the language would be

continually processed by the phonological loop.

MMaterials and Methodology

Artificial language stimuli were artificlal one-syllable words, presented identically to
those used in the previcus experiment. Participants were introduced to the non-
biased reading task the same as previcusly described. After completion of describing
the task, thev were told that they would be listening to some nolse while trving to

perform the task.

Similar to the baseline experiment, targets were scored based on Y/ responses.

The entire session lasted approximately 20 minutes,

FPredictions

We hawve been coneidering multiple potential sources of the advantage for surtace scope
interpretations. One hypothesis is that the parser gives preference to surface scope
interpretations, and that inwverse scope interpretations can only be accessed at an
increased processing cost. The second hypothesis is that surface scope interpretations
gain an advantage, not in the linguistic domain, but due to some extra-linmuistic

=0urce.
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Frevious research in the domain of working memory and language comprehension
lend motivation that cur assumptions concerning the predictions of the parsing hy-
pothesis are correct. [t has been shown that sentences that are syntactically more
complex are more difficult to comprehend (King and Just, 1991; Macdonald et al.,
1992). Therefore, if inverse scope interpretations are more complex, then it seems
likely thiz interpretation requires an increased amount of resources. The parsing hy-
pothesis predicts that the accessing of inverse scope interpretations = difficult, and
that increasing working memory load while reading scopally ambiguous strings should
increase surface scope interpretations. If it is the case that the surface scope interpre
tation i= a default interpretation, and the inverse scope interpretation requires extra
effort to access, then we would expect an increase in surface scope interpretations in

this ta=zk over the baszeline condition.

Howmever, if the extra-linguistic hypothesiz iz correct, then we expect to zee no
increase in surface scope interpretations. That is, if it = the case that there is no
inherent increased difficulty associated with obtaining inverse scope interpretations,

then we expect working memory manipulations to hawve no effect.

Participants

20 adulte participated in this experiment. Mo participants were excluded. Partic-
ipants were undergraduate students from the University of Maryland, and received
either course credit or monetary compensation. All participants were native speakers

of English over 18 wyears of age.

Results

Acroes all target trials, participants obtained surface scope interpretations 58.3%

of the time. This percentage is not different from the baseline condition {t{38)=-
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0.44, p=.65). 10/20 participants cbtained surface scope interpretations on all trials.

Performance on control items was 93% correct.

Discussion

[t appears that the artificial langusge, which, by hypothesizs, would require phono-
logical loop processing, had no impact on the rate of surface scope interpretations
obtained. This iz coneistent with the hypothesiz that there is no preferred interpre
tation, and accessing inverse scope interpretations requires no extra work., Hecall
that impairing phonological loop storage requires not only utilizing some central ex-
ecutive resources in a limited resource systerm, but also eliminated the possibility for
subsequent processing of the werbal material. This, alone, caste doubt on the view
that accessing inverse scope interpretations requires revision (and that surface scope
interpretations are a parsing default), because it iz unlikely that revision would be
able to occcur in this case. Howewer, to be confident in our results, we turn to an
experiment which uses a concurrent load task that directly limits working memory

capacity,

5.3.3 Experiment Twenty: OUOne Word Load Experiment

Word load, which requires processing space, may be a more divect limitation to central
executive working memory capacity. Word load, that is, remembering a word for later
recall while performing a task, is a commeon tool for taxing working memory capacity.
King and Just (1991) required participants to maintain either one, two or three words
in memory while reading a range of syntactically complex sentences, They found an
interaction between size of memaory load and syntactic complexity in comprehension.

Thizs suggeste that working memory load impacts sentence comprehension.
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In this study, participants are required to read an entire paragraph, aloud. Previ
ous experiments require adults to recall a word over a single sentence, and hawve found
effecte with three word load. Howewer, because we require participants to read an
entire paragraph, we lowered the word load accordingly to one word., Additionally,
it has been shown that articulatory suppression prevents rehearsing (Estes, 1973).
Therefore, the reading of the paragraph aloud has two functions., BFirst, because the
paragraph is read aloud, the participant cannot rehearse the word theyv are supposed
to recall. Second, the reading aloud of the paragraph also acts as articulatory suppres-
sion of the previcus sentences. Once the scopally ambiguous string i= encountered,
the participant will continue reading the next sentence in the paragraph. Therefore,
the next sentence restricts the participant from additionally processing the scopally

ambiguous string.

hlaterial: and Methodology

In this task, the non-biased reading experiment was presented on the computer and
described to the participant exactly as before, except that they were asked to read
the paragraphs aloud (this is to prevent rehearsal, for the reaszons described abowe].
Participants were recorded to verify that the paragraph were read aloud. Participants
were told that thev would be concurrently conducting a memory task., They were
given a sheet of paper, and told their task was to remember the last word of the
previous paragraph. After answering the question about the current paragraph, they

were to recall this word on the sheet of paper.

Trials are scored according to the previcus criteria. The entire experiment lasted

approximately 25 minutes.
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Fredictions

The predictions for this experiment remain the same a= for the previous experiment.
[fit iz the case that there exists a parsing advantage for surface acope interpretations,
then we should expect an increase in the number of surface scope interpretations ob-
tained in this experiment. This i= for two reasonz. One, we have added a word load,
which draws on processing rescurces available. Twwo, the articulatory suppression
caused by the reading aloud prevents further post-processing of the acopally ambigu-
ous string, assuming that later analveis is required by accessing the phonological loop

store (Baddeley et al,, 1987).

Howmever, if it 15 the case that there = no additional difficulty associated with
accezsing inverse scope interpretations, then we predict that the current task will hase
little effect on interpretation. That is, if adults process the inverse scope interpretation
with no increased difficulty over the surface scope interpretation, then word load and

articulatory suppression should hawve no effect on this process,

Participants

20 adulte participated in this experiment. Mo participants were excluded. Partic-
ipants were undergraduate students from the University of Maryland, and received
either course credit or monetary compensation. All participants were native speakers

of Englizh over 18 years of age.

Results

Acroes all trials, participants obtained the inverse scope interpretation §1.7% of the

time. This result s not slgnificantly different from baseline (t{39)=.845, p=.40).
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5/20 participants obtained surface scope interpretations on all triale'® Performance

on control triale was 90.8% accurate.

Discussion

In this experiment, we added both a concurrent load and an articulatory suppression
component, in an attempt to tax on working memory capacity, However, we found no
effect on interpretation. Therefore, we conclude that there appears to be no increased

difficulty associated with accessing inwverse scope interpretations.

5.3.4 Conclusions the Parzsing Hypothesis

At present, it appears that there i= no effect of working memory load on interpretation
of scopally ambiguous strings. Hecall that a parsing hypothesis posits an increased
coet for accessing inverse scope interpretations. Howewer, even under concurrent load
meazures, we fail to find any increased cost for obtaining inverse scope interpreta-
tions. Therefore, we suggest that these results lend support to the extra-linguistic
hypothesis. These findings are compatible with the results from ocur model, which
suggests that there i= no initial benefit for surface scope interpretations. That is,
it seems unlikely that accessing inverse scope interpretations require revision, as we
would hawe expected such a process to be hindered by constraints on working memary

reafurces,

%7t should be chssrved that 9/10 partidpants obtained sclely surface scope interpretations in
the baseline experiment, which appesrs to differ from the cwrrent resulks. It is important ko note,
hewever, that even if one bales thiz distribution to be informeative, then ik suggests that parkicipants
are more likely ko access i werse scope inkerpretationsin this task over bassline. This, if krue, presents

further evidence against the parsing hypothesis.
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We conclude that there i= no parsing advantage for surface scope interpretations,
suggesting that the source of the adwantage for swrface scope is extra-linguistic, Ac-
cording to our model, it cannot be the case that discourse factors are responsible for
the adwvantage for surface scope interpretations, because in conversation, it is the caze
that adults adhere to inverse scope interpretations. Howewver, recall that there are
other extra-linguistic factors that we did not take into account in our model. In the
next chapter, we suggest that the werification procedures associated with the verifica-
tion of interpretations, gives rize to the advantage for surface scope interpretations.
Although this will be cutlined in greater detail, let us preview how this account would

work,

We have determined that the parser makes awvailable multiple alternative interpre
tations of scopally ambiguous stringe, with no adwvantage given to sither interpreta-
tion. Therefore, to obtain a final interpretation, extra-linguistic factors must exert
pressures to select an interpretation. We suggest that the verification procedure as=
sociated with the surface scope interpretation is easier than that associated with the
inverse scope interpretation. Therefore, given a case where both interpretations are
made equally availlable by the parser, the surface scope interpretation will be selectad,
whenever these verification procedures are required. Under this account, we must ex-
plain why adults ocbtain inverse scope interpretations in the non-biased reading task
about half of the time. That is, If surface scope interpretations gain an adwvantage
due to werification procedures, then why do they not in this tazk? Here i= where a
difference between the non-biased reading experiments and the experiments where we
find an adwvantage for surface scope interpretations must be pointed out. MNotice that
in the non-biased reading experiments, adults read and interpret a paragraph based
on mental representations of the world, and are net required to verify the interpreta-

tione with respect to the real world, That is, in this experiment, where no verification
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iz required (at least, in the real-world sense of verification) there is no advantage for
either interpretation, because the grammar makes both interpretations available, and
the parser selects between them. Howewer, in real-world werification procedures, there
is an adwvantage for the verification procedure for surface scope, over inverse scope in-
terpretations. Therefore, in any task where there are real life pictures, it will appear
that there i= an initial preference for surface scope interpretations. These, gener-
ally, can be overcome with the integration of discourse information, except in tasks
where the integration of discourse information is restricted. Therefore, it seems ini-
tially plausible that werification procedures can account for the observed adwvantage

for surface scope interpretations.

In the next chapter, we will investigate werification procedures as the source of the

preference for surface scope interpretations.
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Chapter 6

Verification

To this point, we find overwhelming empirical evidence for an advantage for surface
scope interpretations, but we find no linguistic motivation for such a preference, and
fail to find increased rates of surface scope interpretations under a working memary
load, which presumably, i= one of the best measures we have for ‘general cognitive
difficulty’. These results suggest that extra-linguistic factors are the source of the
advantage for surface scope interpretations. We hawve sketched a proposal for how a
difference in verification procedures for the two interpretations would account for such
an advantage. [n this chapter, we illustrate in greater detail how wverification strate-
gies can be used to describe the phenomenon we hawve obesrwved., We claim that the
preferences we have seen fall cut from this asymmetry in verification preferences, not
from facts about the grammear or the parser. At the conclusion of this chapter, we will
demonstrate how this account extends to a variety of findings. We show that not only
does this account predict an advantage for surface scope interpretations for sentences
contalning a universally quantified subject and negation, but it alsc accounts for the
findings concerning sentences containing number and negation, and the interaction
between two guantifiers, as demonstrated in Anderson (2003), This chapter presents

an account attributing linguistic findings concerning semantic ambiguity resclution
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to independently required pevchological phenomenon.

[dentifving the contribution of werification procedures to interpretation i= a crucial
component to studyving language comprehension. After all, the study of meet types of
constructions require verification in the experimental setting, Therefore, the finding
that these izssues are relevant to the selection of an interpretation bears on a wide

variety of linguistic inwvestigations.

6.1 On Verification Procedures

Besides the fact that verification i= one extra-linguistic phenomenon which unites the
variety of experiments we hawve reviewed, there iz reasonable evidence that not all
verification procedures are created equal. Hesearch from the pevchelogy literature
demonstrates that while adulte are adept at performing some classes of verification
procedures, they fall with others {Wason, 1965). This suggests that some wverification

procedures are more difficult to employ than others.

Adults find a sentence like (109 relatively easy to verify.

(108} If something iz a snail, then it has antennae

Thatis, in aworld where there are four snails, adults easily carry out the procedure
of checking each snail, and seeing if it has antennae. If it i the caze that each snail
does in fact hawve antennae, then the statement i= true. If there i= a snalil that fails to
hawve antennae, then the sentence is false. MNotice that the sentence in (109} iz logically

equivalent to the sentence in (110}, and can both be written as (111).

(110} Ewery snail has antennae
(111} ¥x[nail{x) — antennae(z)]
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The logical form in {111) i= verified by the procedure described above! We are
aseuming that the verification procedure that is carried cut is wvery tightly related to
the statement of logical form. This verification procedure, if true, makes the state-
ment in {110} true. Therefore, we will call this type of verification procedure the
‘truth’ verification procedure. Motice, also that (111) contains a universal quanti-
fier. Therefore, a universal quantifier &= used in the verification procedure {check all
snadls), which distinguishes it from the next type of verification procedure we will
present. Therefore, we will call this verification procedure the "universal’ verification

procedure,
(112} ¥z[-snail{z) ‘' antennae(z)]

Motice that the statement in {112} is logically equivalent to the statement in (111}, If
true, the sentence in {110} will be true, and it contains a universal quantifier, leaving

it identical in every respect we hawe covered. Therefore, we will continue referring to

the form in (111).

There is more than one way to verify acentence. A second way to verify the sentence
in {110} i= to look for information that would disconfirm the sentence, or show that
the sentence is false. [n order to do this, we can simply negate the statement in {111},
[f that statement is true, then we know that {110} is false. Let us go through the

calculation of how we could arrive at this logical statement.

—¥z[snail(z) — antennas(z)] (6.1)

YThroughout this section, we will be talking shout wrification ‘procedures’. However, we will
net ke making claims as ko the peychologicsl reslity of the steps we suggest. We will be presenting
logical stakements, snd make claims about which are essier to verify, From this, we sssume thak the
procedure used to carry out the harde logical form is “harder’ than the procedure used Lo carry cut

the essier logical form, without specifying the nature of thess procedures.
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—%r[—enail{z) % antennae(z)] (6.2)
Jr—[—enail{z) v antennae(z)] (6.3)

dr[znail(z) A -antennael )] (6.4)

We begin with (111) as the statement the participant is suppozsed to verify. Equa-
tion (6.1} iz (111) negated. We must rewrite the implication in terms of — and ¥,
as shown in Equation (£.2), and distribute this negation to get an existential, as in
Equation (§.3). MNext, we distribute the negation for the inner clause, az in Equation
(64). This yields the statement that if verified will make (111} false. Paraphraszed,
the statement in Equation (6.4) states that #f you find a snad without antennae, then
you can conclude that (110) 4z false* We will call this procedure (the paraphraze we
hawve cutlined) a “falsity’ verification procedure, because the criteria one is looking for
iz what determines that the utterance is false. Additionally, Equation (6.4) &= differ-
ent from (111} in that it contains an existential quantifier. Therefore, we will call the

procedure assoclated with this equation an ‘existential’ verification procedure.

Ziven that every quantified sentence has both an exizstential and a universal werifi-
cation procedure, it does not appear that adulte implement them equally well., Wason
(1965) showed, using Wazon's selection task, that adulte hawve difficulty implementing
the existential werification procedure. In this task, participants are shown a series
of 4 cards, which hawe either letters or numbers written on each side of the card.
Participants are told a zentence like (113), and their task iz to determine which cards

to flip ower to wverify if the sentence is true or false,

(113) If a card has a vowel on one side, then the other side has an even number

“Thiz iz equivalent to the modus tollms inference: given p — g, it iz logically entailed that

g —+ Tp.
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Thesentence in (113) can berestated as (114), and has two verification procedures,

as exemplified by the statements in Equations (6.5) and (6.6).

(114} Ewery card with a vowel on one side has an even number on the other side

Yrlvowel(z) — even{z]] (68.5)

dr[vewel{z) A —even(z)] (5.6)

Equation (65) iz the statement that requires the verification procedure that is
both “truth’ and ‘universal’. Equation (£.6) i= the statement that requires the veri-
fication procedure that is both “falsity’ and ‘existential’. [f it were the case that all
of the cards had vowels displayed, then the verification procedure would be trivially
easyv: that i= to flip over each card that has a vowel on it to check if it had an even
number on the other side, a= in Equation (6.5). However, in the tazk, some cards
hawve letters showing, and some cards have numbers showing, making it impoesible
to check only the cards with vowels (because one does not know which cards hawe

vowels), as shown in Figure (6.1).

A|D||4]|7/

Figure 8.1; Wason's Selection Task

In this situation, one must resort to the second wverification procedure: that is
to check the cards with wowels, and check cards that do not hawve an even number,
that i= the A and the 7. This is the verification procedure required by the statement
in Equation (6.6), which &= a falsity procedure. That is, if an adult finds an odd

number that has a wvowel on the other side, then statement (114) would be false.
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Adulte, however, frequently fall in this sort of task, turning owver vowel cards and
cards with an even number 4% of the time { Wasen and Johnsen-Laird, 1972). Waszon
and Johnson-Laird {1972) found that adults arrived at the correct answer only 4% of
the time, but Evans (1982) reported variance on participants arriving at the correct

answer 6-33% of the time,

From this experiment, it appears that when the first verification procedure i=s un-
awvailable, adults struggle with the second werification procedure, leading us to con-

clude that there is something difficult about this second werification procedurs.

To this peint, there are two confounded factors that may each account for the
difficulty associated with implementing the second verification procedure, One, it may
be that adultz do not like to lock for disconfirming evidence {do not use falsification
procedures). Two, it may be the case that exiztential verification procedures are
more difficult than universal werification procedures. The current task only shows
us that adulte hawe difficulty with a werification procedure that = both Yfalsity’ and
‘existential’. We will now turn to scope ambiguity, where we argue that both of these

notions are necessary for capturing the relevant facte.

6.2 Extended to Scope Ambiguities

Let us turn to an investigation of how these verification procedures apply to scope am-
biguities. The experiments we have shown suggest that surface scope interpretations
gain an advantage over inverse scope interpretations, and we have shown that this
advantage cannot be attributed to the parser. We are investigating verification pro-
cedures as a source of this advantage. But, why would the verification of the inverze

scope interpretation be harder than for the surface scope interpretation? We claim
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that wverifving inverse scope interpretations is identical to the werification procedure

that adults find difficult in Wason's selection task,

Az we hawve shown, a universally quantified sentence i= logically identical to an
entailment. Therefore, we will make the assumption here that their verification pro-

cedures are the same. Let us first lock at the surface scope interpretation of a string

like (115).
(115) Ewery snail doesn’t have antennae

The surface scope interpretation, every snadl és such #that & é5 missing anfennae,

can be written az in Equation (6.7).

Wrlenail{z) — —antennae(z)] (8.7)

The truth verification procedure dictates that one checks each snail én the rele-
vant undwerse and makes sure ¢ {5 antennae-less. This is alzo a universal verification
procedure. From this perspective, verifying surface scope interpretations 1= no dif-
ferent from wverifying simple ewery statements, For every interpretation, there are
two werification procedures. The “falsity” verification procedure for the surface scope
interpretation is drfsnail{z) A antennae{x)], just as in the simple ewvery statements,
and it is an existential. Because (6.7) s simply (111} with the antfennae predicate re-
placed with —antennae, we predict the truth (and universal) verification procedure to
be easy to verify and the falsity verification procedure {and existential) to be difficult

to verify,

Let us turn to the inverse scope interpretation of (115), which i= 4 is not the case
that every snadl has antennae. The logical description of this interpretation i= shown

in Equation (6.8).
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—Wz[snail(z) — antennae(xz)] (6.3)
Jz[snail{z) A -antennae(z )] (6.9)

——%z[znall(z) — antennas(z]] (6.10)

Apgain, we have two possible verification procedures, which we will cutline here.
The truth verification procedure i= represented by the statement in Equation (§.9).
The falsity verification procedure iz represented by the statement in {6.10). Motice
here, that the truth verification procedure corresponds to the existential werification
procedure, and the falsity werification procedure is the universal verification proce-

dure.

Becall, from Wason's eelection task, we found that adults failed to execute the “fal-
aity' ‘existential’ werification procedure, but we did not know which of these features
to attribute the difficulty to. If it i= the case that the existential werification proce-
dure iz the only aspect that i= difficult, then we expect adults to easily implement the
universal verification procedure. If it i= the case that falsity werification procedure
ie the only thing that = difficult, then we would expect adulte to eazily execute the
truth procedure here. [f it iz the caze that both factors play a role, then we may
expect some degree of inability to use either werification procedure. Let us twrn to

our results from the IVT, which bear on this issue.

We will first determine whether adulte use the universal verification procedure
for inverse scope interpretations. Paraphrased, this verification procedure i= an in-
struction to check every snadl, and see whether # has anfennae. If this s true, the
statement (109) i= falee. [t does not appear that adults, when accessing the inverse

scope interpretation, use this wverification procedure. That is, if they did, we would
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hawve seen adults, in the IVT, persisting to the last cup, but giving a T/F response
that corresponded to the inverse scope interpretation, which did not ocowr. Therefore,

we can conclude that adulte do not seem to carry out “falsity’ verification procedures.

Let us see how adults carrv ocut the existential verification procedure. If it = the
case that the existential contributes no difficulty, this would mean adults would lock
for an antennae less thing that is a snail with no additional difficulty, In the VT,
we find that adults are capable of performing this procedurs, as they cbtain inverse
scope in the IVT about 30% of the time. However, it does not appear to be the case
that thiz interpretation i= as equally accessible as the uniwversal in the surface scope

casg,

We propose that the best explanation for the VT facts is that both existential
and falsity werification procedures come with some degree of difficultyr, These are
confounded in the Wason’s selection task and surface scope interpretations, but with
inverse scope interpretations, we are able to view this relative difficulty. [t seems cleax
that faleity procedures are rarely pursued, regardless of interpretation. [t alzo seems
clear that truth procedures aren't created equally, We find a correlation between the
interpretation adults prefer in the [IVT and the universal verification procedure. From
this correlation, we clalm that the inverse scope interpretation 1= dispreferred because
it utilizes the existential verification procedure, which requires the distribution of
sentential negation. This = dispreferred with respect to the universal werification

procedure,

Let us put forth a beginning hypothesis. The grammar, when it encounters a
scopally ambiguous string, makes awailable both interpretations. The language pro-
cessing system then attempts to wverify both possible interpretations. In a sense, it i=

a race to see which can be verified firet. When a scopally ambigucus string is heard,
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there are two interpretations and two truth verification procedures. Because the sur-
face scope interpretation i= easier to werify, the surface scope interpretation gaine an
advantage and because it i the first that can be werified, it iz the first interpreta-
tion selected. Therefore, the advantage for surface scope interpretations falls out of a
competition fact about thelr verification procedures. Of course, the advantage for the
surface scope verification procedure i=s simply one of many post-parsing factors that
contribute to final interpretation. Because the inverse scope interpretation is readily
utilized in conversation, we must acknowledge that other factors work to cutweigh

this particular factor.

6.3 The Existential Verification Procedure

To this point, we hawve poeited that adulte do not carry out falsity procedures, and
that existential wverification procedures are disadvantaged with respect to universal
verification procedures. Here, we review more evidence that the existential wverification
procedure is conducted by adults, but that it is only dispreferred relative to a quicker
verification procedure. Hecall that in the IVT, adults performed quite well with
sentences like {118).

(116) Mot every snail has antennae

The reazon these sentences were informative 1= because thelr logical form is the exact
same as the inverse scope interpretation’s logical form. Because their logical forms
are exactly the same, s0 are thelr verification procedures. The logical form = shown
in Equation (6.11), with the truth verification statement {Equation (6.12)) and falsity

verification statement (Equation (£.13)).

—Wz[snail(z) — antennae(xz)] (6.11]
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Jz[snail{z) A —antennae{ )] (6.12]

——r[snail(z) — antennae(xz)] (6.13)

Here, too, we know that adults, when presented with {118) do not use the falsity

verification procedure, as they are able to stop on the first cup.

Adulte performed well on this task, That is, thev stopped on the first cup, and gave
an appropriate truth condition, suggesting they were using the verification procedure
represented in Equation (6.12). This suggests that the existential is possible to utilize,
and the difficulty with the exiztential only arizes when there = a quicker verification
procedure tied to an alternate interpretation. For the string in (116), there & no

alternative interpretation.

Therefore, we conclude that existentlale are harder than universals, when they
are competing as alternative interpretations of a single sentence. This captures the
observation that inverse scope Interpretations are harder to verify than surface scope
interpretations, but that the existential verification procedure i= utilized when there

are no competing interpretations.

6.4 Reflecting on our Previous Findings

We hawve claimed that the advantage gained by surface scope interpretations is due
to a faster werification procedure than is awailable for inverse scope interpretations.
We will now turn to the ramifications of this claim to the findings we hawve presented
in this dissertation. We show that this claim even naturally captures some findings

that, until now, remained mysterious,
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6.4.1 S-structure vs. LF Ambiguity

We hawve suggested that surface scope interpretations galn an advantage over inverse
scope interpretations due to the ease of their verification procedures, Therefore, when
no other factors are present to influence interpretation, surface scope interpretations

will be =elected,

At the conclusion of chapter 2, we concluded that because adults could not access
both interpretations of scopally ambiguous strings, that LF ambiguity was processed
serially, at least before the situational disambiguation was reached. Owur hypothesis,
that wverification can lend an adwvantage to surface scope interpretations, allows for
the early disambiguation we observed to take place. Additionally, we observed this
seriality was not present in other sorts of ambiguity, such as PP attachment ambi-
guity. The reason that PP attachment ambiguity maintained ite parallel appearance
in the [VT iz because the two interpretations utilize the same type of wverification
procedure. Therefore, in that domain, neither cbtains an advantage, and there is no

early dizambiguation.

6.4.2 On Previous Rezults

Anderson (2003) showed that for strings like (117) and (118), adults adhere to surface

scope interpretations in online processing.

(117) A climber scaled every cliff

(118) Ewery climber scaled a cliff

The logical form for the surface scope interpretation of (117) {and the inwverse
scope interpretation for (118) iz shown in (119). The logical form for the inverse
scope interpretation of (117) (and the surface scope interpretation for (118) is shown

in (120),
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(119) 3Fzlclimberz) A V[cliff{y) — scaled(x, y]]]

(120) ¥xlcliffiz) — J[climber(y) — scaled(y, z)]]

For sentences like (118), our account correctly predicts that surface scope inter-
pretations would be easier to verify than inverse scope interpretations, yielding the
ease of processing for surface scope interpretations. This is because the surface scope
interpretation of (118), shown in (120}, utilizes a universal verification procedure,
while the inverse scope interpretation, shown in (119), requires use of the existential

verification procedure.

Howewver, because the logical forms for the two interpretations of (117) and (118)
are identical, we should predict the opposite for the processing of {117). That i,
the the surface scope interpretation of {(117), shown in (119), utilizes an existential
verification procedure, while the inverse scope interpretation, shown in (120), requires
use of a universal werification procedure. This predicts that in this case the inversze
acope interpretation should be easier to werify, a prediction that i= not borne cut by
Anderson’s processing resulte. Therefore, we must explain why this sentence behawves
differently than predicted. We desire to keep our account consistent across all types

of semantic ambiguity, so the existence of an exception would be guite undesirable.

We suggest that strings like (117) exhibit a surface scope preference for reasons in-
dependent of processing. (117) containe asubject indefinite, which in an experimental
context iz likely to be interpreted as specific, that is there erists a climber. Once 1t 1=
the case that the subject indefinite i treated specifically, then it will be interpreted
as a topic, and take wide scope over the object. This account predicts that sentences
like {117) will almost always be interpreted with surface scope interpretations, not
just in online processing. The firet experiment from Anderson’s work bears cut this

prediction. Anderson gives participants sentences like (117), and asks them to select
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whether there sxiste a single climber or multiple climbers. In this case, participants
selact a gingle clémber 81% of the time. This demonstrates an extremely strong bias

for surface scope interpretations, independent of online processing.

We suggest that Anderson’s results can be accounted for by a combination of cur
account, and treating specific subject indefinites as taking wide scope. This allows
us to extend ocur account to more types of scope ambiguity, suggesting that we axe

locking at a unary phenomencon for semantic ambiguity resclution.

6.4.3 IVT: Number

BRecall, the resulte from IVT: number did not fit in seamlessly with [V universal

quantifier. We investigated sentences like (121].

(121) Jon didn’t find two hearts

There were two findings. First, the condition (which interpretation could be
verified first) had no influence on interpretation. These results fit with the resulte from
those of other [VT experiments in that it appears that adults select an interpretation
before encountering disambiguating evidence, This seems to be a general property of
the ambiguity resclution process for scopally ambiguous strings. Second, we found
that adults adhered to the surface scope interpretation 43.75% of the time {averaged
across conditions). This finding appears to contrast with the findings from other [VT
experiments, in that there i= no strong preference for surface scope interpretations.
Mow that we hawve cutlined in more detail the factors underlving the selection of an
interpretation, let us look at these results. In this section, we suggest that there
does not exist a verification procedure that is easier than the procedure for the other

interpretation, vielding no overall preference for interpretation.
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(121) has two interpretations: the surface scope interpretation, ¢ is not the case
there evist #weo that were found, shown in Equation {614) and the inverse zcope

interpretation, fweo are such that there are not found, shown in Equation (6.15).

-3z, Jy(x # v)heart{ =) A foundiz)] A [heart{y) A found{y]] (6.14)

Jz, Jy(z # y)heart{z) A —found{z)] A [heart{y) A —found{y)] (6.15)

Because we have determined that adults utilize only truth verification procedures
(and not falsity verification procedures), let us write out the truth wverification proce-
dure for each. First, the truth verification procedure for the surface scope interpre

tation = presented in Equation {£.18).

Wi, Wylz = y) ¥ [heart{z) Vv —found{z)] ¥ [-heart(y) v —found(y]] (6.16)

Paraphrased, the wverification procedure in Equation (6.18) says to look atf all

ftems, and there wdll not be two that are hearts that have the properiy of being found

The wverification procedure for the inverse scope interpretation is presented in Fiqua-

tlon (6.17).

Jz, Jy(z # y)heart{z) A —found{z)] A [heart{y) A —found{y)] (6.17)

Paraphrased, this verification procedure save to ook for fwe f#tems that are Rearts

that were not found

In the last section, we concluded that existential verification procedures are harder

to utilize than universal werification procedures. We concluded this on the bazis of the
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obeervation that inverse scope interpretations were harder to access than surtface scope
interpretations for sentences containing the subject universal quantifier and negation.
[t this conclusion is accurate, then we would predicts that in the case of negation and
a numerically quantified object, the surface scope interpretation would be easier to
wverify, and thus, we should obzerve mostly surface scope interpretations in the VT
This prediction is not borne out, as we observed 43% swrface scope interpretations,

suggesting that cur previcus analysis requires adjustment.

The surface scope interpretation of the stringe containing negation and a numer-
ically quantified object does hawe one property in common with the inverse scope
interpretation of sentences containing negation and a universally quantified subject.
Eoth interpretations require the distribution of sentential negation to compute the
truth werification procedure. Here, we posit that the distribution of zentential nega-
tion makes a wverification procedure more difficult. Let us zee how this revision bears

on our previous results,

Concerning etringe containing a universally quantified subject and negation, the
truth verification procedure for the inverse scope interpretation requires the distribu-
tion of sentential negation, and utilizes an existential werification procedure. These
two factors, together, make the inverse scope interpretation more difficult to werify
than the surface scope interpretation, which utilizes a universal verification procedure
and does not require the distribution of sentential negation. Therefore, even though
the parser makes both interpretations awailable, the ease of the werification proce-
dure associated with surface scope interpretations makes adulte select surface scope

interpretations more easily than inverse scope interpretations.

Mowe, let us turn to strings containing negation and a numerically quantified ob-

ject. For these sentences, the surface scope interpretation requires the distribution of
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negation, and the inverse scope interpretation utilizes an exiztential verification pro-
cedure, Therefore, it does not appear that either interpretation gains an adwvantage
due to ease of werification procedure. When the parser makes both interpretations
equally awvailable, there is no effect of werification procedures, and adults select the

surface scope interpretation at about chance,

An interesting question arises when we lock at the responses for [V Mumber more
closely. 9/20 adults obtained the surface scope interpretation on all (or all but one)
trials, and 5/20 adults obtained the inverse scope interpretation on all {or all but
one) trials, showing a bimodal distribution. This bimeodal distribution may represent
two distinet phenomena. One, it may be the case that we are obeerving the effects
of priming. That iz, an adult may obtain either interpretation on the firet trial, and
the majority of participants continue to adhere to the interpretation they obtained
on the first trial. Howewver, it may alsc be the case that adults attribute different
amounts of difficulty to different wverification procedures. The bimeodal distribution
we observe may be accounted for by some adults preferring to carry cut existential
verification procedures, and others preferring to distribute negation, but that these
factors were confounded in the case of sentences containing the universal quantifier.

Further research = needed to differentiate between these two accounts,

A second question arises concerning this experiment. [n the case of [V universal
quantifier, it was clear that because an easy verification procedure forced adults to
select a surface scope interpretation, adults ignored information in the sltuation and
always pursued that interpretation. Howewver, in the case of [VT: number, adults
seem, in principle, capable of accessing either interpretation, but they cannot alter this
interpretation a= a function of information in the situaticn. That is, the results from

this experiment did not differ a=s a function of which interpretation could be verified
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firat., Therefore, it seeme that for scope ambiguity, adults select an interpretation,
although in this casze, it is not clear why, These findings differ from those of [V
gyvntactic ambiguity, where adulte appear able to maintain multiple interpretations,
and can use information in the scene to guide their choice of interpretation. These
findings raise the poesibility that the difference between s-structure and LEF ambiguity
lies in the ease of revision awvailable for the two types of constructions. For example,
theze findings would be explained if, for some reason, adults can revize in the case of
s-structure ambiguity based on information in the scene, but not for LF ambiguity, If
this is the case, we can ask if it is the case that the cues for revision differ in the two
cases, Although this iz an interesting area for future research, our tentative conclusion
ie that it seems clear that there exists some difference in the processing of s-structure
and LPF ambiguity, and that the choices made in the case of LF ambiguity can be

described by appealing to the differing ease of the available verification procedures.

In summary, the [VT: number resulte forced us to modify cur understanding of the
relative difficulty of verification procedures, but supported the claim that the parser,
in cases of scope ambiguity, cutputs two interpretations without assigning preference

to either interpretation.

6.4.4 Priming

We hawve suggested that surface scope interpretations gain an advantage via verifica-
tion procedures, and that this advantage surfaces az a preference for surface scope
interpretations when no other interpretive factors intervene. Priming i=s a factor that
can intervene. Here, we will review a few priming results that remained myeteri-
ous until this peint, and suggest that some of the priming effects we have observed
are actually procedures that alleviate the difficulty asscciated with the inverse scope

verification procedure.
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The first cbeervation about priming (in children and with the [VT) was that a
preceding sentence made the inverse scope interpretation easier to access. Musoline

and Lidz (2008) show that children obtain higher rates of inverse scope interpretations
in {123} than in (122).

(122) Ewery horse didn’t jump owver the fence

(123) Ewery horse jumped over the rock, but every horse didn't jump over the fence

This increase in access to inverse scope interpretations is explained by the fact

that the positive lead-in sentence makes negation more felicitous.

Megative statements are eazler to process when certaln felicity conditions
are met. Pevchologically, negation seems to require an affirmative sentence

against which to cperate { Wason, 1965)

That iz, the poeitive lead-in sentence sets up an expectation, which the negation

can then negate, This appears to be a general property about negation, as Wason

(1965) showed that adults could more quickly judge the truth of (125) over (124).

(124) 5 is not an even number

(125) 4 is an even number, but 5 is not an even number

Again, the negative statement is more felicitously processed after the presence of

an affirmative statement which it can negate.

Although positive statements aid the processing of negation, it is also the case
that the benefit attributed to (123) cwer (122) can alzo be described by improving
the richness of the discourse. [t has been shown that adult’s ability to calculate
the existential werification procedure can be assisted by a discourse enwvironment.

Performance in Wason’s selection task, which requires the usage of the existential
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verification procedure, i= greatly improved when the items involved are not numbers,
but are real-lifesituations. For example, if participants are told to verify the statement

in {126), correct performance reaches 70% (Griggs and Cox, 1982).
(126) If a person has a beer, they must be 21 years old

That is, participante correctly obeerve that they should check all persons with a
beer, and all persons under the age of 21. Participants no longer say that they
should check all of those ower the age of 21, which is the error that was made when
the participants were simply presented with the carde with wvowels and numbers.
Therefore, we can conclude that an appropriate context allows adults to better access
their existential wverification procedure. For scope ambiguity, it seems that a richer
discourse (a2 positive lead-in sentence) nullifies the advantage gained by the surface
scope verification procedure, thereby increasing rates of obtalning the inverse scope

interpretation.

A second mystery in the domalin of priming i= why a met epery sentence would
prime the inverse scope interpretation of a epery r didnt sentence, given that these
two sentences share nothing in terms of syntactic form. That is, we seem forced into
concluding that priming i= unrelated to a relation between FFs and LFs, but i= an
activated logical form reprecsentation. Howewver, we could also view priming as another
way to alleviate the difficulty associated with the inverse scope werification procedure.
Let us formulate “rerification procedure priming’ as a pressure to use a wverification
procedure that has been recently used. When a nof epery sentence = werified, the
existential werification procedure is necessarily used. Mext, when an ewery v didn't
sentence i encountered, there exists a bias to use the same verification procedure
that has recently been used, which leads to the inwverse scope interpretation. That is,
executing the exiztential verification procedure {which is easy in a not everysentence

because there is no competing procedure), temporarily makes this procedure easier to
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implement even when there i=s competition involved., We are not attempting to argue
against logical form priming, but present the ‘priming’ of verification procedures as
an alternative explanation. More research on semantic priming most likely will reveal

which sort of priming i=s most natural

We have not provided a complete account of LF priming, and there = much re-
search left to be conducted. Howewver, we hawe provided an initial account of the
effects observed in this dissertation {and previous research) regarding the priming
of interpretations of scopally ambigucus strings. We hawve suggested that many of
these obeervations can be accounted for by appealing to the priming of verification

procedures,

6.4.5 On Children

We hawve suggested that the inverse scope interpretation is more difficult to verify than
the surface scope interpretation, and this i the source of the advantage for surface
scope interpretations in adults, On the surface, this appears to be a poor account
for the child facte. That is, if inverse scope 1= o difficult to werify, how i= it the case
that four year olds can do it (and even prefer to do =0)? And how Is the difficulty of

verification related to the integration of discourse information?

Becall that we hawve claimed that surface acope interpretations gain an advantage
only in a race model. That is, when the parser makes both interpretations equally
awvallable, and there are no additional extra-linguistic factors, then surface scope in-
terpretations galn an advantage. However, recall that our model suggested that for
four year olds, it is not the caze that both interpretations are made equally avallable
bv the parser. If it is the case that four vear olds encode a bias for inverse scope as

a parsing preference, then there will be no ‘race’ of verification procedures.
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murface scope interpretation-children, who happen to be five years old, are adult-
like in that they have parsers that make both interpretations equally awailable. Here,
then, we see the advantage for surface scope interpretations reappear. Five wear
olds are different from adults in that, in a TV JT, they do not seem to make use of
other extra-linguistic factors that, for adults, override this advantage for surface scope
interpretations. Therefore, the verification advantage for surface scope interpretations

fits naturally with the child data we hawve reviewed.

6.5 Conclusions on Verification

In this section, we cutlined a hypothesis that verification procedures are responsible
for the adwvantage for surface scope interpretations. We suggest that when the parser
makes two interpretations equally awallable, the interpretation that can be werified
the guickest will gain an advantage, Therefore in tasks in which speed i= required
(speeded forced choice), or when there are no other extra-linguistic forces (IVTY),
surface scope interpretations are selected. This advantage can be overridden by other

dizcourse factors (in the TV IJT) or by a parser bias (as in the caze of four year olds).

The idea that one verification procedure i= preferred owver ancther was supported
by findings from the pevchology of reasoning, which suggests that not all verifica-
tlons strategies are created equal {Wason, 1965). Additionally, we showed that the
same manipulations that assist adults with solving Wason’s selection task alsc help

in accessing inverse scope interpretations, suggesting a similar mechanism underlies

both,

The claim that different werification procedurss decide between two equally avall-

able interpretations fite nicely with both our s-etructure ambiguity findings and our
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findings with children. We now know that syntactic ambiguity = different from scope
ambiguity because the two interpretations of a setructurally ambigucus sentence do
not appeal to different types of werification procedures, which in turn means that they
remain equally awailable. Additionally, our model suggested that four year olds were
able to access inverse scope interpretations (without access to dizcourse information)
via a parsing bias, which then obwviates the role of verification procedures in deciding
interpretation. When five year olds eliminate this parsing bias, we are then able to
account for the strong advantage of surface scope interpretations. Under this view,
the IVT in adults is strikingly similar to 5 wear old children because theyv are both
cases where the advantage for surface scope takes hold, without interference from

later discourse processes,

To conclude, we hawve a prediction concerning verification and working memory that
we must leawe for future research. We found that interpretation was not affected by
manipulations that taxed working memory. This i= because we used a tazk which did
not require verification. Therefore, the manipulation did little to impact the parser.
However, we predict that these manipulations would affect interpretation in a task in
which werification i= required. More generally, we hawve presented a nowel account of

the adwvantage for surface scope interpretations.
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Chapter 7

Conclusions

The main focus of this dissertation was to investigate processes involved in LE pars-
ing. To accomplish this investigation, we locked at one construction in detall over
various developmental timepointe and in different experimental situations to identify
the factors that contribute to final interpretation. In doing this, we were able to
identify the contribution of parsing bilases and extra-linguistic information in the pro-
cessing of ecopally ambiguous etrings. This investigation cutlines a framewaork for the
investigation of other types of ambiguity, and particularly, focuses on the necessity
of considering developmental and task factors in identifying the processes involved in

adult sentence processing.

In this dissertation, we investigated scopally ambigucus strings, particularly those

with a universally quantified subject and negation, as in {127).
(127) Eweryone doesn't like eating in large groups of people

strings that permit multiple interpretations of one s-structure representation allow
us to identify how the parser selects from multiple awailable analyses, With respect to

this construction in particular, it had previously been observed (from both the child
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language and adult proceseing literature) that surface scope interpretations gained
an adwvantage ower inverse scope interpretaticns. By testing this adwantage under
different experimental situations, and ower different dewelopmental timepoints, we
gained insight into how the sentence processing mechanism operates, particularly

with reepect to the understudied process of LE parsing.

This investigation served to identify the nature of LF parsing, and focused on two
main gquestions concerning the resclution of scopal ambiguity. First, what accounts
for the advantage for surface scope interpretations in adults? Previous research and
our experiments from section 2showed that in certain eituations, adults obtain largely
surface scope interpretations. Second, what describes the adwvantage for surface scope
interpretations in children? Prewvious recearch showed that children frequently adhere
to surface scope interpretations, even when adults accessed inwverse scope interpre
tations (Musclino et al., 2000; Musoline and Lide, 2008). In both the children and
adulte, the advantage for surface scope interpretations could be described by either
a parsing default (Anderson, 2003; Musoline and Lidez, 2005), or by extra-linguistic
factors, We pureued the view that these two findings were related, using information

from dewvelopment to identify the contribution of the parser to interpretation.

Concerning the scurce of the surface scope advantage in adulte, in section 2, we
showed that a preference for surface scope interpretations holds in the [VT and alsc
in the speeded forced choice task, confirming the finding that has been reported
with other types of scope ambiguity (Tunstall, 1998, Anderson, 2003). I[n =ection
5.1, we suggested that the advantage for surface scope interpretations cannot arize
from a parsing bias in the adult svetem. In section €, we suggest that surface scope
interpretations are easier to verify, giving surface scope interpretations an advantage.

Therefore, we conclude that there is no linguistic preference given to surface scope
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interpretations. The parser makes awailable two interpretations for one PF, and in
cases where no additional information = utilized, the easiest interpretation to werify

will be pursued.

iZoncerning the surface scope advantage in children, in section 4.1, we revizsited the
observation of somorphism. We found that, although the obeervation of =omorphism
holds, it only represents a limited window of development. We found that 4 year olds
readily accessed inverse scope interpretations, at adult-like levels, This shows that it
cannot etraight-forwardly be the case that children lack the resources to access inverze
scope interpretations. We claim that young children arxe able to obtain inverse scope
interpretations via a parsing bias, and when the older children acquire adult-like
parsers, this results in an increase in surface structure interpretations. This model
of U-shaped development was supported by the finding that children do not utilize
discourse information to guide their selection of an interpretation, asshown in section
423, In section 5.1, we showed that our U-shaped model could be analyzed by the
same model used to account for the adult resulte. This investigation into the role of
development, parsing biases and discourse bisses under a unified framework allowed
us to identify the exact role of the parser in the resclution of LF ambiguity, a process

which has not been studied in detall.

The main goal of pevcholinguistic research = to identify how the human sentence
processing mechani=sm operates, that is, how a speaker gets from a string to an inter-
pretation. Although much research has been conducted on how a speaker obtalns an
sstructure, very little work has investigated how a speaker accesses a logical form.
However, it = cruclal to understand how one accesses a logical form, I one desires
a complete description of the human sentence processing mechanizm. In this dis-

sertation, we contribute to the significant amount of research in sentence processing
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(which has primarily focused on s-structure parsing) by presenting a detailed study
of the role of the parser in how speakers obtain a logical form. We claim that in-
vestigating data from children and adults in tandem iz crucial for investigating this
process. We show that data from children’s understanding of ambiguous string illu-
minates our understanding of how adults process these sentences, and furthermaore,
that data from adults is necessary for understanding how it i= that children’s parsers
operate. Therefore, in studving children and adults together, we are able to provide

a complete picture of the procedures that underlie LF parsing.
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