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THE CITY UNIVERSITY OF NEW YORK
ABSTRACT

PHONEME RESTORATION METHODS

REVEAL PROSODIC INFLUENCES ON SYNTACTIC PARSING:
DATA FROM BULGARIAN

by

Iglika Stoyneshka-Raleva

Adviser: Professor Janet Dean Fodor

This dissertation implements and evaluates a nethadelogy for studying aspects of
human language processing and the factors to whistsensitive. It makes use of the phoneme
restoration illusion (Warren, 1970): listeners epavinced that they are hearing an uninterrupted
speech stream even though a portion of it is dgtuaplaced by noise. Phoneme restoration is
used here to explore the role of prosodic phraspgcifically the location of a major prosodic

break on the interpretation of a sentence wheratimer type of disambiguation remains.

Two target constructions in Bulgarian are invedtidain a series of experiments, using
the same basic materials: NP/S coordination ira(t) RC attachment in (2). The target items are
originally disambiguated by morphological agreemenimber agreement between subject and
verb in (1) and gender agreement between the head and the relative pronoun in (2). Each

pair of sentences differs in one word where thephological disambiguation is encoded.

1) a
Nakraia ~ sreStnahme Ani || i lvan [ Mimi biaha vav vaztorg.
In the end meet-past-1p.pl  Ani and Ivan and Mimi erev in ecstasy

‘In the end, we met Ani and lvan and Miwere in ecstasy.’
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b.

Nakraia  sreStnahme Ani | lvan || | Mimi  beSe vav vaztorg.

In the end meet-past-1p.pl Ani  and Ivan and Mimi  asw in ecstasy
‘In the end, we met Ani and Ilvand Mimi was in ecstasy.’

2) a

Podtseniha advokata|| na pevitsata koiato kupi imenieto.

underestimate-past lawyer-m of singer-f who-f bagtp estate-det
‘(They) underestimated the lawyer of the singer whbought the estate.’

b.

Podtseniha advokata  napevitsata || kojto kupi imenieto.

underestimate-past lawyer-m Of  singer-f who-m bagtp estate-det

‘(They) underestimated the lawyer of the singer whdought the estate.’

In addition to morphological agreement, the altBuaastructures for both (1) and (2) are
also disambiguated by the location of a major plasdreak. For the NP/S coordination the
prosodic boundary coincides with the end of thstfalause, so that a boundary after the first
noun (1a) signals that only that nouln{) belongs in the first clause as an object of th& f
clause verb, while the other two noumgaf & Mimi) form a coordinate subject in the second
clause, whereas a boundary after the second ndyrsignals that the first two nounani &
Ivan) form a coordinate object in the first clause (&byl the third nounMimi) is the subject of
the second clause. For the RC attachment, plachguadary after the first noun (2a) indicates
that the RC modifies the second noun (‘singer’)emdas placing a boundary after the second
noun (2b) indicates that it should modify the finsun (‘lawyer’).

The morphological disambiguation is removed frone tstimuli by replacing the
phonemes that encode the morphological agreemenpants of the surrounding phonemes with
white noise. Each pair of sentences becomes segliyentlentical (and thus globally
ambiguous). However, the distinct prosodic contimureach is preserved and is now the only

cue to the intended structure. What phonemes ateregl by participants indicates the structure
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they have assigned to the sentence by the agredeadutes assigned on the noise-containing

word. The advantage of the PR method is that ttompletely natural and unobtrusive, like
normal listening, drawing no attention to the preseof ambiguity. Participants concentrate on
hearing the sentence despite the occasional noges in everyday situations.

Three different response tasks are employed: aalisword choice task in which
participants indicate which of two words they hatreeard’” in the stimulus sentence
(Experiments 1a-c), a sentence repetition taskhithvparticipants repeat back the sentence after
hearing it (Experiment 2a-b), and a sentence shegptasks in which participants repeat back
the sentence as they are listening to it (Experismda-b). In each, the phoneme restoration data
obtained indicated that prosodic boundary locapoovided viable disambiguation of syntactic
structure. However, the effect of prosody diffefled the two constructions. Both prosodic
contours disambiguated NP/S coordination equalll}, et a break after the first noun was a
stronger structural cue for RC attachment than emlbrafter the second noun. The data on
Bulgarian comported well with findings of prosodiffects in coordination and RC attachment
interpretation in other languages.

The same target constructions are investigatedhdyrtusing visual (written) stimuli
identical to the auditory stimuli with an ‘ink blobbliterating morphological agreement.
Different visual presentations are used to mime pinosodic phrasing in speech and two tasks
are employed: silent reading with visual word clkdiExperiments 4a-b) and silent reading with
sentence repetition (Experiments 5a-b). Visual gimogi disambiguated NP/S coordination quite

effectively, but had little impact on RC attachmaérpretation.
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CHAPTER 1
AMBIGUITY RESOLUTION AND THE ROLE OF PROSODY
1.1. Syntactic ambiguity resolution

One of the central areas of interest in psycholstgis and sentence processing research
in particular is ambiguity resolution, i.e. whaplpgns when more than one possible
interpretation can be assigned to incoming linguistaterial, and why a particular interpretation
takes precedence over the other possible one.r&xiffspecific versions of these two broad
guestions (e.g. whether incoming words tend tottaelaed high or low in the syntactic tree;
what determines these preferences) have fuelediprelsearch. Answering them can bring us
closer to understanding how the human mind is bé®mprehend the complex structures of
natural languages.

Empirical data on which is the initially preferrederpretation of an ambiguous string of
words can indicate which structures the human sertprocessing mechanism finds easy and
which ones difficult, thereby allowing psycholingts to generate hypotheses about its
architecture and mode of operation. For exampkeséntence in (1) below is temporarily
ambiguous, i.e. the structure is ambiguous updertain pointitalicised) but is disambiguated
by a word (bold font) encountered at a later pwirthe string. The sentence in (2) is globally

ambiguous, i.e. two distinct interpretations of émtire string are possible.

(1) While Mary was readinthe letterfell on the floor.
(2) He saw the ginvith the binoculars

a. He saw the girl by using the binoculars.
b. He saw the girl who had the binoculars.



In (1), when the noun phrase ‘the letter’ is endeted, it can be interpreted as the object of the
verb ‘reading’ (which is optionally transitive). Bif this interpretation is maintained, the second
clause will lack a subject which will make it ungnaatical in English, a language that requires
an overt subject. Experiments on the resolutiotinigfambiguity have shown that indeed the
post-verbal noun phrase in sentences like (1)pE#ly initially interpreted as a direct object of
the first-clause verb, as is revealed by incregsedessing difficulty when the disambiguating
second-clause verb (in this case ‘fell’) is enceuved.

The sentence in (2), on the other hand does nobiavecovery or reanalysis, because it
can legitimately be interpreted as either (a) 9rIfbthe first case the prepositional phrase (PP)
‘with the binoculars’ is taken to modify the vedaiv’ which can take an instrumental adjunct
headed by ‘with’, in the second case it is takemumlify the noun phrase (NP) headed by ‘the
girl'. However, the VP attachment (2a) seems tpiaderred.

Different explanations of such data have been megobased on different assumptions
about the human language processing mechanisime I@arden-path Model of sentence
processing (Frazier and Fodor, 1978) these findamgsiewed as instantiations of two basic
structural principles: Late Closure and Minimal sgthment.

Late Closurewas formulated by Frazier (1987) as follows “iagmmatically permissible,
attach new items into the clause or phrase cuyréeihg processed, i.e. the phrase or clause
postulated most recently” (Frazier, 1987: 562)

Minimal Attachment was first proposed in Frazier & Fodor (1978) ipugate that
“each lexical item (or other node) is to be attacimto the phrase marker with the fewest
possible number of nonterminal nodes linking ithathe nodes which are already present.”

(Frazier & Fodor, 1978: 320).
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Late Closure correctly predicts that the ambigint{1) will incur processing difficulties (a
‘garden path’ effect). Minimal Attachment predietpreference for the simpler structure in a
sentence like (2), since it has the fewest phrasadés. (Adding a PP modifier to the NP requires
an additional nominal node, so analyzing the P& rsminal modifier (2b) will be non-minimal
attachment).

These on-line preference principles are embedd#tkiGarden-path Model’s depiction
of sentence processing as incremental (i.e. eaghwed in an input string is combined with the
preceding material as it is encountered), and @&l $ee. only one structural interpretation is
computed even if others would be equally acceptgtdenmatically), with the result that
reanalysis may be required if that structure |pteves to be incorrect. The strong underlying
assumption is that the human parsing mechanismiversal and therefore presumed innate, and
that parsing preferences are primarily based @t afstructurally-based strategies, even if there
are additional influences from other factors sugls@mantic plausibility, structural frequency,
etc.

Note that although some syntactic structures gaseto ambiguity, ambiguity is not
inherent to those structures per se. For exanmmpeséntence in (2) is globally ambiguous,
because the verb falls in a specific categorydhattake an instrument adjunct and because PP
(and the NP within it) can fill that role. If theekb has different categorization (e.g. ‘meet’
instead of ‘see’), the sentence is no longer antaigulf the PP contains a non-instrumental NP
(e.g. ‘with red hair’ instead of ‘with the binocu$d) the sentence will not be ambiguous. As an
extension, although ambiguity is universally presemuman language, a specific structure is
not necessarily universally ambiguous. For exanthleambiguity in (2) has an exact parallel in

Bulgarian, which is the language under investigairothis dissertation. However, an ambiguity
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like (3) below does not have an equivalent in Bulgg for several reasons. The pronoun
morphology is more diverse and the possessive ecubative forms differ, nouns are not
typically attributively used and the goal is usyatitroduced with a preposition.

(3) He fedher dog biscuits.
a. He fed her biscuits intended for dogs to eat.

b. He fed biscuits to the dog which belongs to her.

Bulgarian: a. nahrani ia (‘fed her’) sdeski biskviti (‘with dog biscuits’)
b. nahrani kato i (‘fed her dog’) s biskviti (‘with biscuits’)

For comparison, the sentence in (1) is temporaritpiguous in English, but a parallel
Bulgarian sentence in (4) below is globally ambiggiaalthough it is ambiguous for the same
reason (optional transitivity of ‘read’). In (4)etambiguity is not resolved later in the sentence
(at the second-clause verb), because Bulgariawsluwll subjects and the sentence remains

ambiguous between the two interpretations given.

(4) DokatoceteSe pismoto padna na poda.
While read-past-imp letter-det fall-pamt floor-det

a. PRO was reading and at the same time the letlavrighe floor.
b. PRO was reading the letter and at the same time felR@n the floor.

A seemingly similar sentence in (5) is ambiguoks (1) in English, but in this case its
Bulgarian equivalent in (6) is unambiguous, becdheererb ‘sviria’ (play) can express the
meaning of ‘play an instrument’ only with the prepgmn ‘na’ (on), otherwise it means ‘produce

a tune or melody'.

(5) While Mary was playing the violin fell on thieor.

(6) Bulgarian
Dokato (Maria) svireSe tsigulkata padna poda.
While (Mary) play-past violindde fall-past on floor-det
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In short, the same construction can be ambiguoustpdepending on the features of its lexical
elements, and for similar reasons the same comistnuzan be ambiguous in one language but
not in another, or may manifest as a different typambiguity. Therefore, it is important that
sentence processing be investigated for a varfettractures and in a variety of languages in
order to achieve a better understanding of hovp#ieer operates. Parsing principles like Late
Closure and Minimal Attachment are assumed in thrlén path modéto apply to the initial
structuring of a sentence in general (regardlesBeopresence of ambiguity) and have been
demonstrated in a number of languages. They praviteuristic for efficient structural
decisions. However, they cannot encompass the winotgess of ambiguity resolution, because
the ultimate interpretation of a sentence can loecdien is influenced by a variety of other
linguistic and non-linguistic factors, among oth#rs selection restrictions and semantic
plausibility discussed above, or the broader cdritewhich the sentence is embedded or even
pragmatic considerations. For example, the senten@ may be preceded by a statement like
“Mary asked Tom to feed her dog.” consistent wité interpretation in (3b) or by a statement
like “Tom cannot be trusted to take care of hisgtaer.” consistent with the interpretation in
(3a) and that context would influence the ultimaterpretation of the sentence.

In order to establish which factors drive or fdatie syntactic interpretation in general, as
well as when the different cues become accessiltleet processing routines and when/how they
interact with each other, the effects of differfattors need to be isolated. Studying ambiguity
can be a useful tool to achieve that understanthegides being an indicator of how language
processing proceeds in general (e.g. which of thesrative structures is assigned initially). By

systematically manipulating a particular factoamexperimental setting, researchers can the use

'Also the Minimal Chain Principle (De Vincenzi, 1991
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ambiguity resolution preferences that are estabptists a measure of its effect on parsing
decisions and a means to investigate when and &b extent different factors affect the
operations of the human parser.

One factor that has increasingly come into focuseimtence processing research is
prosody, roughly definable as the intonation andmic structure of a sentence. It was
demonstrated decades ago (e.g. Lehiste, 1973pihsddic phrasing can bias listeners toward a
particular syntactic structure for an ambiguoumgtof words. Since then, there has been a
wealth of research on the prosodic characterisfispoken sentences and their role in ambiguity

resolution. Some of the relevant studies will becdssed in the next section.

1.2. Prosody and ambiguity resolution

Traditionally, beginning in the 1960'’s, sentencegassing research associated with
linguistic models of generative grammar was mostiyducted with visually presented
materials, since the technology for successfulating and manipulating auditory materials was
not sufficiently advanced or convenient to usetlfestechnical limitations were overcome,
researchers increasingly began to turn to spokegukge, which is evolutionarily the primary
means of communication, and thereby gained a nespeetive on the factors that influence the
human parsing mechanism. As prosody is an inalienadot of spoken language in natural
conditions, the role of prosodic cues in sentemoegssing is of considerable current interest to
researchers. A series of studies spanning sevecaldés have established that prosodic
properties of spoken sentences, such as prosodisiph, implemented in terms of timing

(rhythm) and intonation (pitch), play a guidingeoh syntactic parsing.
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The early studies aimed primarily to demonstras fnosody can disambiguate spoken
sentences, and to establish which ambiguities are sensitive to prosodic cues than others.
Lehiste (1973) found that ambiguity that lies iteatative syntactic bracketing, could be
successfully disambiguated by prosody, but thatweshe case for syntactic category
ambiguities. She elicited prosodically distinctquotions of the alternative interpretatiaf
different ambiguous sentences, including an amhigwbructure like (2) then used them in a
listening study. Lehiste (1973) found that for sgeimtences (syntactic bracketing ambiguities),
listeners in the second part of her study (a foatemice paraphrase task) were able to identify
the intended meaning of the speakers in the fadtqf her study, especially for the consciously
disambiguated utterances. She also found thateahesiwhose meaning was reliably
distinguished differed in prosodic phrasing froraitlcounterparts and identified acoustic
properties, such as durational differences ateleyant syntactic boundaries that speakers might
have been using, and listeners might have beeitigerts.

Lehiste (1973)’s findings were confirmed in a supsmnt study by Lehiste, Olive, &
Streeter (1976), who used a subset of the sameiaistd hey found that the durational
characteristics associated with a prosodic phrasadary can disambiguate sentences with
structural ambiguities, but that duration is ngioad cue in sentences with only lexical
ambiguities in the same syntactic structure. Thas wnportant early evidence that prosodic
phrasing is primarily associated with syntacticgder structure. (However, see below for
discussion of other factors, such as phrase lemgdtith interact/interfere with the prosodic

mapping of syntactic phrase structure.)

2 Participants first read the sentence aloud, therewnformed of the ambiguity and asked which
meaning they intended and finally asked to prodweedistinct token of the sentence conveying
the two alternative interpretations.
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Following Lehiste, an experimental study by Priostendorf, Shattuck-Hufnagel, and
Fong (1991) used a similar production-perceptiaagigm to investigate prosodic
disambiguation for several classes of syntacticiguittes. In this study, however, the sentences
were produced in disambiguating contexts by traspehkers, and listeners then had to identify
which context the sentence came from. As in Lelsisesearch, it was found that utterances
which were successfully identified showed systeodifferences in the location or strength of
prosodic boundaries at points of syntactic ambyguit

Later research has investigated whether and to etant prosodic phrasing determines
the initial syntactic parse of a sentence, notijgatltimate interpretation. Experimental
outcomes have shown that prosody can actually oweqarsing biases such as Minimal
Attachment and Late Closure which otherwise caatergarden path effects. For example,
Marslen-Wilson, Tyler, Warren, Grenier & Lee (1992)estigate the online effects of prosodic
cues in sentences with nominal vs. clausal compisrike (7). The phrase ‘the last offer from
the management’ in (7a) is the direct object ofitd ‘considered’ and thus requires only an
NP node (minmal attachment), whereas in (7b)tihéssubject of a complement clause, which

requires an additional sentence node (non-minittatament).

(7)

a. The workers considerdide last offer from the managemefthe factory.
b. The workers considere¢le last offer from the managemevds a real insult.

Prior research on the same type of structure (Eraxid Rayner, 1982) found evidence of
processing difficulty for sentential complementtesces compared (longer reading times

compared to nominal complement sentences). Maksléson et al. (1992) and found that
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response times were affected by the prosodic cowtaihe utterance indicating the structure in
(7a) or (7b) even though the sentences had bedretare the pint of disambiguation. The
finding is interpreted as demonstrating that prasodormation can be used online to resolve
structural ambiguities.

Systematic research of prosodic effects on pamsmdd not be conducted without an
underlying theory of prosodic representations asgséem of formally describing the prosodic
properties of an utterance. Many researchers hdmgted for that purpose the Autosegmental-
Metrical model of intonational phonology (e.g. Pe&grumbert 1980, Beckman and
Pierrehumbert, 1986; Beckmané& Hirschberg, 1994)aswlthe conventions of the Tones and
Break Indices (ToBI) system (Beckman & Elam, 1983 n means of representing prosodic
features (such as pauses, accentual and tonalrpespef spoken sentences. A major
assumption is that prosody has a structure ofwts and this structure is not fully determined by,
although it may be significantly constrained byntsitic structure. This system assumes a
prosodic hierarchy, such that the elements of emel lcompose the elements of the next level.
Thus, an utterance is composed of one or moreatitoral phrases (IPh), each of which in turn
is composed of one or more intermediate phrasgsi€iined by (at least one) pitch accent.
Intonational phrase edges are marked by a high @&t%w(L%) boundary tone and the edges
of intermediate phrases by a high(H-), low (L-)ycdownstepped high ('H-) phrase accent.

Prosodic breaks can occur at the edges of botlanBhp phrases and are similarly
classified depending how they are realized phoakicnot just on the grounds of greater
acoustic prominence: an IPh break occurs at the efign intonational phrase and is marked by

a boundary tone, whereas an ip break occurs &dfe of an intermediate phrase.
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Kjelgaard and Speer (1999) adopt these distinciiotiseir investigation of the role of
prosodic break location in disambiguating earlg@lelbsure sentences like those in (8) below.
They used several experiments which provide bdthired and on-line measures of prosodic
effects. (Note: The symbol || here marks a prosbdimdary and will be used for this purpose
elsewhere in this dissertation.)

(8) a. Whenever Roger leavabhd] houses dark. EARLY CLOSURE

b. Whenever Roger leavée housd| it's dark. LATE CLOSURE

In silent reading (8b) had been found to be pradésster, while (8a) provokes a garden path.
This would follow from the Late Closure parsingnmiple, which would favor the analysis on
which the NP the housgthat follows the verbléaves is initially interpreted as its object.
Kjelgaard and Speer (1999) used spoken stimuli aatthy closure (8a) or late closure (8b)
syntax and had a distinct prosodic contour. Incih@perating prosody condition the utterance
contained a prosodic break after the verb for treyelosure sentence as shown in (8a) and after
the NP in the late closure sentence as shown in i(8bthe location of the prosodic break
coincided with the syntactic boundary. In the ctifig prosody condition, the prosodic break
was not aligned with the syntactic boundary, ingaetence and was in fact located at the
syntactic boundary for the alternative structufeerahe verb in the late closure sentences and
after the noun in the early closure sentencesgipeild and Speer (1999) also included a baseline
prosody condition, i.e. stimuli with phoneticallgutralized properties at the potential prosodic
boundary positions. They found that a prosodic loedter the subordinate verb in auditory
presentation of early closure sentences (coopegrptimsody), eliminated the processing
disadvantage of such structures that was obsernvigak ibaseline and conflicting prosody

conditions and standardly found in studies withualfy presented materials. Both early and late
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closure sentences were processed more quicklyomtperating prosody compared to baseline
prosody, which indicated that a prosodic boundargading with syntactic boundary can
significantly facilitate a particular interpretati@ompared to a baseline condition where no
prosodic break was present. The prosodic boundaribe stimuli for the three experiments
were IPh type boundaries, but the effects weraaateld with phonological phrase (ip)
boundaries in Experiment 4.

Carlson, Clifton and Frazier (2001) used the sammbary type distinction in an
investigation on prosodic disambiguation of thedure illustrated in (9) below where the
phrase ‘after Bill visited’ can modify either thelsrdinate clause verb ‘telephoned’ (low
attachment) or the matrix clause verb ‘learnedjlfrattachment).

(9) Susie learned || that John telephoned || Bilerisited.

Carlson et al. (2001) explore why particular prasdmbundaries produce an effect on
interpretation. They first investigate whether maceustic prominence determines a prosodic
boundary’s effect on parsing decisions (Experin®ridy comparing stimuli with durational
differences in the realization of the ip break befthe ambiguously attached phrase and did not
find any effects. Next, they employ various combimas of IPh and ip prosodic breaks at the
two points in the utterance marked by || in (et whether a prosodic boundary’s effect is
determined relative to other relevant prosodic llaumies in the utterance (Experiment 3). Their
results support that hypothesis: the effect ofraesaategory break before the ambiguous adjunct
is modulated by the category (or size) of the ealireak. They call a later boundary that differs
in size from an earlier one ‘informative’ and exjgahe notion further by systematically
contrasting a smaller earlier boundary (0 or ighve larger later one (ip or IPh) (Experiment 4).

Their data indicate that a phrasing where the laiténe two breaks is larger (regardless of its
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category) promotes more high attachment comparadtwasing where the two breaks are equal
in size. Carlson et al. (2001) argue that a prasbd@ak is not simply a local cue that facilitate
structural decision and its effects are not invdra simply functions of boundary type, but
rather “the interpretation of one prosodic bound#epends on the existence and relative size of
other prosodic boundaries in the sentence” (p7B¢. imMformative boundary hypothesis is
extended to utterances with a single prosodic bbgakeating it as an instantiation of the
strongest contrast in prosodic break size sizé(Odr IPh-0) (Experiment 5).

The language of investigation in above cited stugias English but their assumptions
potentially apply to other languages and some haea tested empirically in other languages.
Nespor & Vogel (1986) were among the first to exp#re scope of research on prosodic
disambiguation beyond English. Similar to Lehist®8743) they used a forced-choice paraphrase
selection task to test prosodic effects in Itahad found that listeners did well on ambiguous
sentences where the alternative syntactic strustogelated with prosodic phrasing
differences, but not on sentences with lexical guibies that did not entail syntactic phrasing
differences. Current psycholinguistic researchuising more and more toward other languages
with diverse phonological and syntactic structdrems which psycholinguists can gain a better
understanding of how the human parsing mechanisrksan general and how prosodic
information is integrated in particular. A varietf/constructions in different languages have
been studied in experiments with prosodic manipuiat (e.g. Cutler & Clifton, 2000; De
Vincenzi & Lombardo, 2000; Hemforth & Konieczny, &) Kang and Speer, 2004). Some of
that research is particularly relevant to this elistion and will be discussed further in Chapter

2.
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To sum up, different aspects of prosodic disamhigoaf structural ambiguities have
emerged from prior experimental results, as exdmaglithough far from comprehensively, in
the discussion above. While prosodic effects onagyit parsing decisions are indisputable, the
exact mechanism by which they are realized is @n@ad have given rise to different theories,
some of which are concerned with the processingas the prosody-syntax relations, while
others are focused on the grammar aspect of hotacicconstituents are mapped onto
prosodic constituents.

The lack of one-to-one correspondence between&ymructure and prosodic contour
makes the study of prosody even more intricatealse often a particular prosodic contour can
favor one interpretation of an ambiguous stringdisd allow the alternative interpretation. To
capture the partial dependency of prosody on syintsitucture, Selkirk (2000, and elsewhere)
proposed a set of a set of constraints, formulsteide framework of Optimality theory (Prince
and Smolensky, 1993).

The syntactic alignment constraint AlignXP concdmesrelationship between the
boundaries of syntactic constituents and prosaaistituents. It requires that every maximal
syntactic projection be aligned with a prosodicgsierboundary at its edge and is parameterized
as Left or Right oriented in different languagest Example, a right edge alignment has been
proposed for English by Selkirk (2000) as follows:

Align XPg (XP, R; MaP, R)

“The right edge of any XP in syntactic structurestnioe aligned with the right edge of a

MaP in prosodic structure.” (Selkirk, 2000: 232)
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The phonological length constraint BinMaP is coneédrwith the well-formedness (optimal
length) of prosodic phrases. It is actually a meadéwo opposing constraints BinMin
(postulating that a major phrase must consist tdagt twominor phrases) and BinMax
(postulating that a major phrase must consist ai@t twominor phrases), which are treated as
a single binary constraint in Selkirk (2000) sitigere is no evidence from English to
differentiate them.

(1) Binary Maximum (MaP)
A major phrase may consist of at most two minarceatual phrases.

(i) Binary Minimum (MaP)
A major phrase may consist of at least two miredentual phrases.

(i) Binary (MaP)
A major phrase may consist of just two minor / atgal phrases.
(Selkirk, 2000: 244)

In addition to the alignment and optimal size coaiats, Selkirk adopts the Wrap constraint
(Truckenbrodt, 1995) which requires that a morphtagtic constituent not be split into distinct
prosodic constituents, formulated as follows:

Wrap XP (XP; MaP)
“The elements of an input morphosyntactic constitux type XP must be contained within a

prosodic constituent of type MaP in output représsgon.”

The constraints are assumed to be universal eg.dperate in all languages and they
interact in all languages but their language spe@@inking determines the outcome. Importantly,
all constraints are violable and ultimately notadlthem need to be satisfied in a well-formed
phrase. The number of violations incurred and #mking of the constraints that are violated

determines the acceptability of a prosodic strctior example, AlignR XP and Wrap XP are
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inherently opposed and satisfying one incurs viotaof the other. Since the two may be ranked
differently across languages, violating eitherftnener or the latter may be permissible yielding
different types of prosodic phrasing in differemnduages.

For English, the interface constraints AlignX&d WrapXP appear to be of equal rank
and higher ranked than the size constraint(s) Binl&elkirk, 2000). However, the ranking of
constraints in a language is not self-evident arabmetimes hard to establish, since unlike for
syntax, there are no clear criteria of well-formest of prosodic contours and other constraints
on prosodic representations may exist that haveunrtaced in the languages explored and may
also come into play.

The exact mapping of syntax and prosody is thugleatr cut and the effects of prosody
on parsing cannot always be not straightforwardjyl@ned by the grammar constraints until or
unless the influences of other contributing facteage been identified. Not surprisingly,
therefore, different theories have been developeut altogether incompatible with each other -
concerning the role of prosodic characteristicp@rticular, prosodic boundary location and
strength) in resolving syntactic attachment ambigsi Some are discussed briefly below.

Schafer (1997) proposedPaosodic Visibility Hypothesiswhich assumes that “the input
to the syntax is not simply a string of words, kather those words structured into a prosodic
representation” (Schafer, 1997, p.43) and phonosdgihrasing of an utterance determines the
visibility of syntactic nodes, which is gradient across miglfghonological phrases with the
nodes within the phonological phrase currently girocessed being more visible than nodes
outside of that phonological phrase. It furthetegdhat attachment to a node with high visibility
is less costly in terms of processing/attentioeaburces than attachment to a node with low

visibility, thus phonological phrasing can indidgahfluence syntactic processing.



16
Schafer’s experiment on PP attachment using sesddike (10) where the PP ‘with a
mean look’ could be attached either to the verlgémed’ or to the noun ‘rider’ served as one test
case for the prosodic visibility hypothesis. Presoesearch on the same type of construction
has established a preference for VP attachmentémabe accounted for by the fewer necessary
nodes (minimal attachment). Schafer considereemdifit available well-formed prosodic
contours for the utterance in (10), given belowhwite inner brackets indicating ip phrases:

(10) The bus driver angered the rider with a meaR.|
a. ((The bus driver angered the ridéwith a mean look p
b. ((The bus driver angered ) (the rider with a mieak ))en
. ((The bus driver angered the rider with a mea |) )en
d. ((The bus driver) (angeredthe rider )(with a mean look )e)

Her data confirmed the prediction that NP attachmaelhbe preferred with the pre-NP
boundary in (10b) where the NP is inside the curmpeosodic phrase and the verb is not,
compared to the other conditions. She also obsdesasdvP attachment responses with a
phrasing like (10d) where the verb is separatech filte ambiguous PP by two phrases and the
NP by only one compared to (10a) and (10c) whexeséiib and the noun are in the same phrase.
Based on her data Schafer (1997) claims that pbgiaal phrases boundaries are sufficient to
cause effects on interpretation and that thesedsoes need not be located at the point of
syntactic ambiguity. Prosodic Visibility is able&ocount for such non-local effects by seeing
prosody as a structure instead of a sequence ef cue

Another hypothesis that in a way builds on a simassumption that not individual cues, but the
overall / global prosodic structure of the sentethermines structural interpretation is the
Informative Boundary Hypothesis proposed by Carlson et al. (2001) and Cliftonl.e2902)

and briefly discussed in section 1.2. The Inforr@Boundary Hypothesis proposes that the
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effectiveness of a prosodic boundary as structlisaimbiguator is dependent on its size relative
to other prosodic boundaries at relevant pointhénsame utterance, i.e. prosodic boundaries are
interpreted in context-dependent fashion. Whileiassg that listeners use their grammar
(including prosodic constraints) to assign struetiara sentence, the Informative boundary
hypothesis is concerned with how speakers andgsseexploit the options allowed by the
grammar and listeners respond to the pattern @&foglio choices made by the speaker on the
assumption that speakers are rational (i.e. camjsin those choices. Subsequently, the same
group of researchers expanded this view of howqalicanformation affects interpretation with
theRational Speaker HypothesigClifton et al. 2002, 2006) which claims that dyeys are
self-consistent, employing intonation in a manr@rsistent with their intended message and
proposes that listeners interpret the significasfgerosodic breaks in light of the presumed
intentions or causal influences on the speakers fgpothesis will be discussed further in
Chapter 3.

Watson and Gibson (2005) propose Amdi-Attachment Hypothesis, which states that
"Listeners prefer not to attach an incoming wora@texical head that is immediately followed
by an intonational boundary.” (p. 285). For exampiea sentence like (11) below, which
contains the same PP-attachment ambiguity as (®)uadary after the nouspy) as in (11a)
will signal to the listener not to attach the PRt tbut rather to the verlséw), while a boundary
after the verb as in (11b) will discourage attachte the verb and thus favor attachment to the
noun.

(11)
a. The cop saw the spy || with the telescope.

b. The cop saw || the spy with the telescope.
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In contrast to the Prosodic Visibility and Infornvat boundary hypotheses where phonological
boundaries are assumed to influence attachmergidesj the Anti-Attachment Hypothesis
assumes that only intonational prosodic bound#litdy) affect interpretation. The Anti-
Attachment hypothesis regards the function of pdasbreaks differently: it assumes that
intonational boundaries are meant to force corestigiapart during the parsing process, not
group relevant constituents together, i.e. a prosmeak after a constituent signals that it
receives no upcoming attachments.

Thelmplicit Prosody Hypothesis (IPH, Fodor 2002), which will be discussed furthrer
Chapter 2, takes an even broader view of prosodlizences in parsing, applying to silent
reading as well as to the overt production andggron of speech. It claims that: “in silent
reading, a default prosodic contour is projecteid dme stimulus, and it may influence syntactic
ambiguity resolution. Other things being equal, pheser favors the syntactic analysis associated
with the most natural (default) prosodic contourtfee construction.”

Unlike the above-mentioned hypotheses, IPH is notroitted to any particular prosody-
syntax mapping, but claims that whatever syntaxsqag relations hold for overt prosody in
speech also obtain for implicit prosody in silez@ding. The appeal of a prosodic account of
silent reading data is that it has the potentiddandle both cross-linguistic variation and within-
language variation (e.g. constituent length effjewith respect to syntactic parsing preferences,

and possibly also between-subject and betweenytgration found in reading experiments.

1.3. Methods currently in use for studying prosodieffects in sentence processing
A variety of methods are currently in use for ekshiing the preferred reading of an
ambiguity, and the possible role of prosody inueficing it. These range from simple tasks to

more complex ones. Some have been adapted fromsilelet reading research paradigms;
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others have been developed specifically for usk autditory materials. There are procedures
that require very little equipment and are suitdbtefield work, as well as procedures that make
use of sophisticated technology so they can onlgdnelucted in a specialized laboratory. Some

of the more prevalent ones are discussed brieftynbe

1.3.1. Post-sentence comprehension questions

Post-sentence comprehension questions)yéhg. had the binoculars®r the ambiguity
in (2) has been the traditional method of ambigtafgolution research in silent reading, typically
followed by the two alternative answers from whparticipants had to choose one. This method
has been used successfully also in studies withaayanaterials. In fact, the procedure used by
Lehiste (1973) was similar to those comprehensigstions, but in a more general form, asking
participants what the sentence means and givingihgaraphrases. Other researches have used
sentence-specific comprehension questions. For geai@chafer et al. (1996) used auditory
materials with a comprehension question to exarhiaeffect of focus (realized prosodically
through pitch accent) on interpreting an ambigupasiiached relative clause. Investigating the
same construction in Croatian, Lav(R003) used written comprehension questions in
combination with auditory stimuli in his Experimesnto investigate how overt prosody affects
ambiguity resolution. Carlson et al. combined aditauy presentation with a visually presented
guestion in their investigation of the interpretatof prosodic breaks in an utterance as a
function of their relative size (see section 1ahyl Fernandez (2007) used a similar procedure
(visually-displayed comprehension question follogvan auditory stimulus) to establish the
effect of explicit prosody (location of prosodicelk) on RC-attachment interpretation in

English.
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While still a very useful method for compiling argbity-resolution preference data, the
guestionnaire has a major drawback for studiesexmed with prosody. It typically introduces a
whole additional sentence (the comprehension qu@sior processing in order to elicit
participants’ interpretation of the stimulus sewenThis creates a distance in time between the
stimulus and the reaction to it. In addition thenppehension question comes with its own set of
semantic and pragmatic characteristics which sonesticreate a bias toward a particular
interpretation of the stimulus sentence. The gaeslso has its own prosody which may over-
ride or blur the prosodic representation of thenstus sentence in working memory — potentially

a crucial flaw in a study of prosodic influencesparsing.

1.3.2. Post-sentence well-formedness / acceptahitigments

This technique is also adapted from earlier siteatling studies to studies with auditory
materials. A variant of this task was used for epleny Igoa and Teira (2003) who investigated
the role of prosody in RC-attachment. In their ekpent, RC-attachment was lexically
disambiguated by morphology (number agreement}lamdnaterials contained a prosodic break
after N1 or after N2. They used a well-formednesiggment task and found that incongruent
(conflicting) prosody was costly as shown by a tgepercentage of errors and longer reaction
times on those items compared to items where cengprosody facilitated interpretation. A
different variety of this task was used by Fraz@ifton, & Carlson (2004) to investigate the
role of several principles in determining the predd intonation of a sentence. Specifically, they
used two prosodic acceptability ranking tasks.xpétiments 1 and 3 participants had to rate the
rhythm and melody of a recorded stimulus on a stafa 1 to 5, while in Experiments 2 and 4
participants had to decide which of two recordedioms of a stimulus (heard in sequence) was

better in terms of rhythm and melody.
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Post-sentence acceptability judgments can provadigable insights into what makes a
prosodic contour natural and effective. On the okf@ad, such a task by nature explicitly directs
participants’ attention to the phenomenon whicthesfocus of the experiment and requires
meta-linguistic evaluation, which is not part ofmal sentence processing. Thus it may not be
well suited for investigating the role of prosodiges in ambiguity resolution in more

ecologically natural use of language.

1.3.3. Self-paced listening / Auditory moving windo

Ferreira, Anes and Horine (1996) developed a saikg listening paradigm known as
Auditory Moving Window to study speech perceptitins parallel to standard self-paced
reading paradigms, but uses auditory stimuli. Hw®rdings are broken up into a series of
segments, and listeners have to pace themsehmgyththe sentence by pushing a button and
thus prompting successive presentation of the setgme

Self-paced listening methods like the Auditory MayWindow technique have the
advantage of giving online temporal measures diesee processing and allow reaction-time
measures at multiple points on-line, unlike otleehnhiques. The disadvantage is that the
stimulus is cut at multiple points, possibly dising the natural prosodic contour. Also, as in
self-paced reading, in order to obtain valid resudtsuch a task, it is important to prevent
participants from rapidly calling up the segmentsiluhe end of the sentence without fully

processing them.

1.3.4. Cross-modal naming
Another technique is cross-modal naming, wherg#récipants have to name

(pronounce) a visually presented word followingyatactically ambiguous spoken sentence
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fragment, e.g.Flying planes ARE/ISThe assumption is that naming times for the \Vigua
presented word show how easily it is integrated the phrase structure being computed by the
listener, i.e. faster naming times indicate thatword is compatible with that structure and
longer naming times indicate it is not.

Marslen-Wilson, Tyler, Warren, Grenier, & Lee (199®ed this technigque, combined
with a rating task for the word as an appropriatetiouation, to investigate whether prosodic
phrasing affects parsing of sentences with a ndmasaclausal complement to the verb and
whether prosodic cues can facilitate the dispreteolausal complement structure (see section
1.2.). Theyfound that naming times for words consistent wité ¢lausal continuation (e.g.,
wasg following a syntactically ambiguous fragment witlausal-complement prosody were were
shorter than following a fragment with NP-complemgmsody and were comparable to
following a fragment with clausal-complement progaaid an overt complementizer.

Kjelgaard & Speer (1999) used the cross-modal ngnask along with a speeded
grammaticality judgment task, end-of-sentence cemgmsion task in their research on the effect
of facilitating or conflicting prosody on early/&atlosure sentences, as discussed above (section
1.2.). The cross-modal naming task is implemenedo experiments as a means of collecting
online data and is used with stimuli containing fffbsodic breaks (Experiment 3) and yielded
comparable results with stimuli containing ip prdisdoreaks (Experiment 4), proving to be a
sensitive measure of prosodic effects.

More recently, Blodgett (2004) employed this teciuai to investigate the interaction
prosodic phrasing for the same structure (eadye tlosure ambiguity) with verb bias
(transitive-bias / equi-bias / intransitive biasfiglausibility. She also explored the effects of

IPh breaks and ip breaks and found that IPh bayrideation can determine the initial syntactic
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structure for these closure ambiguities regarddéserb bias (which is taken as evidence that
IPh boundaries trigger both semantic and syntaatap-up), whereas ip boundaries and verb
bias seem to contribute to the initial parse cutnedy.

In all, cross-modal naming has been used succéssfiglicit the effects of spoken
prosodic contours on listeners’ interpretive dexisifor several different syntactic ambiguities.
This technigue has the advantage of probing direttthe point of interest, making the
information it provides more immediate compare@ast-sentence tasks. Its drawbacks are that
it uses sentence fragments, so the prosodic repegsm is possibly disrupted, and that it
employs a sentence-medial lexical-decision taskrédguires integrating material across

modalities, making it quite different from sentemrecessing in natural conditions.

1.3.5. Event-related potentials

Event-related potentials (ERP), measures of etadtactivity in the brain, have been
used as a tool for studying sentence-processibgtim normally-functioning and language-
impaired populations. Recent studies have estaulisie closure-positive shift (CPS) as a
reliable ERP correlate of prosodic effects in pesieg (Steinhauer, Alter, & Friederici, 1999),
and have shown that prosodic effects occur vety earline. With regard to prosodic
processing, ERP methods are employed to trackdfeeption of prosodic breaks, and to assess
sensitivity to prosodic anomalies (e.g. Steinhatel., 1999; Augurzky, 2006; Eckstein &
Friederici, 2006), as well as to evaluate the inmp&prosodic cues on sentence processing.

ERP measures provide fine-grained data on the ¢ionese of processing, including
prosodic effects, and have the potential to answestions that are impossible to investigate
with other methods. Although most research to tatebeen conducted with materials

containing IPh boundaries, at least one study ifdi ‘dang, 2009) reports similar effects of
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phonological phrases. ERP studies are thus indibpué valuable tool for online investigations
of sentence processing. However, ERP methods als®dertain disadvantages. Namely, most
ERP studies of prosody-syntax alignment by neceasi mis-matched or ungrammatical
materials, because they measure brain reactiokations, although that is not necessary in
studies that aim to detect neural effects of tlesqady itself. Also, for the moment, ERP studies
require special (and expensive) equipment thabtisawailable in all psycholinguistic
laboratories and is not easily transportable, wingans that experiments can only be carried out

in certain locations and involve participants wpeak the languages spoken there.

1.3.6. Scripted discourse

In order to investigate whether prosodic disambiignaeffects could also be observed in
somewhat spontaneously produced speech Schafer, Sparren, and White (2000) developed
an interactive board-game where participants hackgmtiate moves of game pieces to goals
another using the scripted sentences (a constragtenf possible sentence structures) that were
provided by the experimenters. Participants weteerplicitly informed of the ambiguity and
had control on what piece to move and which semteta use. This set-up allowed
experimenters to elicit utterances with naturaigduced prosody, but still control the content of
participants’ production. The experimenters theresHid not produce any of the scripted
sentences and no punctuation was present in th, I as not to bias participants to a
particular prosody.

The game resembles a real discourse situatiore paticipant pairs have goals that can

only be achieved by cooperation, but it is desigimeelicit production of a variety of

ambiguities, including the early/late closure amoitig illustrated below:
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(12) a. When that moves || the square will encount®okie. (EC)

b. When that moves the square || it should ia a good spot. (LC)

Schafer et al. found “strong evidence of prosodamhbiguation” (p.175). Phonological
analyses of the production data (both of the fefitences and sentence truncated before the
disambiguating material) that speakers consistgmtgluced a stronger boundary aftesvesas
compared to aftegsquarein the early closure sentences (91%), and the ethg around in the
late closure sentences (96%). This categorizatias aonfirmed by durational measures.

In a follow up perception experiment, listenersevable to use those patterns to interpret
sentence fragments correctly, confirming experimnthe role of prosody in what is a closer
approximation to real discourse than in most expenital paradigms.

The scripted discourse game developed by Scha#dr @000) is an innovative method
of placing participants in a situation that to sceméent simulates real-life discourse, making it
possible to draw some at least tentative conclgsatout real-life sentence processing. One
disadvantage, however, is that the researcheiohagate a constrained situation with a very
limited number of possible meanings from which plaeticipants could pick, thus limiting the
range of linguistic and prosodic phenomena thatbeaexplored. It is also highly likely that the
participants become aware, over the course ofxperament, of the contrasting prosodic

renditions of the small set of sentential formsythee forced to employ.

1.3.7. Eye tracking / Visual world

In the Visual World paradigm, participants’ eye raments over a carefully constructed
visual display are monitored as they listen to tuglistimuli and gaze fixation on a visually
presented array of potential referents is usedmasasure in order to draw conclusions about

linguistic processing.
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It can provide a highly sensitive and continuoussoge of on-line language processing
phenomena, including ambiguity resolution. Withlggoinput, it provides finely timed data
about when potential referents or actions are evakéhe minds of listeners, since the gaze
tends unconsciously to follow the interpretatiohisTmethod has been used for example to study
the role of prosodic phrasing information in preposal phrase attachment asTiap the frog
with the flowern(Snedeker & Trueswell, 2003). It has also beenleyepl successfully to
investigate other prosodic phenomena such as tagmetive consequences of contrastive pitch
accents (Ito & Speer, 2005; Watson, Gunlogson, &€ehhaus, 2006).

The Visual World paradigm represents a leap forvwambtaining rich data on sentence
processing in a simulated real-life interactiomgsanatural speech input (i.e. uninterrupted, no
fragments, no splicing). However, similarly to tiscourse-elicitation board game protocol, not
all ambiguities are equally suited for implemerttatin a visual world setting. Choice of this
method depends in part on how the different inegggions of an ambiguous sentence can be
distinguished visually. This is quite easy for ambeguity such as in (2) above, but more
challenging for an ambiguity such as the early/tddsure sentences in (8) or the
matrix/subordinate sentences in (9).

To sum up, all of the methods described in thisise@re useful tools for studying the
role of prosody in parsing, including ambiguityokgion. However, each of the techniques
currently in use also has its disadvantages otdimons. That is why, despite all these options,
sentence processing research may benefit fromngghear method, one that would satisfy some
important criteria of naturalness and unobtrusigene addition to sensitivity to prosodic
influences on ambiguity resolution in syntacticgdag. Ideally this would be a method that is

less likely to draw participants’ attention to theatactic ambiguity, as post-sentence
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comprehension questions tend to do. It would alsidadrawing attention to the significance of
the prosody, as is inevitable when participantsaaked to judge prosodic acceptability, or when
syntactic constructions are presented with coifligcprosody as is common in ERP studies.
Finally, the optimal experimental task would be an#hich participants’ responses are
spontaneous and non-deliberative, because thentiath is focused elsewhere than on the
phenomenon actually under investigation. The VisMalld paradigm clearly meets these
criteria (see Watson, Gunlogson, & Tanenhaus, 200Q8)it remains to be seen how adaptable it

will prove to be for other syntactic ambiguities.

1.4. Proposed new method

1.4.1. Advantages of proposed method

The primary purpose of the experiments reportetiisidissertation is to explore a new
methodology for use in sentence processing reseagdgneral, and in particular for studying the
role of prosodic information in ambiguity resolutidn contrast to existing methods described
above, this method relies on lexical disambiguatsamilar to the cross-modal task employed by
Marslen-Wilson, Tyler, Warren, Grenier, and Lee92p but with an important difference: it
does not require use of incomplete sentences, whahcreate artifacts if hearers tend to
construe a sentence fragment as a phrase.

Instead, the method proposed here uses completantes with a natural prosodic
contour, in which the morphological/lexical disagution has been eliminated but can be
restored by the listener. It takes advantage optimeme restoration effect (Warren, 1970), an
auditory illusion that arises when part of an w@tee is replaced by an extraneous sound such as
a cough or white noise, but listeners apparenilynfirestore) the missing phoneme in

perception and report that they heard the compiiéeance. Later, the restoration effect has
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been used to examine the extent to which lexicdlragher-level representations can influence
speech perception (Samuel, 1981, 1996). The oftigk@eriment on phoneme restoration
(Warren, 1970) and relevant following researchpaesented in more detail below. In the
experiments on Bulgarian reported here, phonentereg®n is used as a tool to elicit responses
which reveal ambiguity resolution, using sever#fledent behavioral tasks described in detail in

Chapters 3 and 4.

1.4.2. The phoneme restoration effect: background
The phoneme restoration effect was first descrie@Warren (1970) on the basis of a
very small-scale experiment, with the single itdroven in (12) below. Note: The symt@l

indicates the location where one or more phoneraes heen replaced.

(12) The state governors met with their respedﬁg@latures in the capital city.
The sentence was recorded and thersthdegislatureswas replaced by a cough before
presentation to listenefdRarticipants were given a printout and askedriecthe exact position
at which the cough occurred and whether or notthugh replaced the circled portion
completely. Warren reported that 19 out of 20 hists did not realize that any speech sound was
missing and the one person who suspected a missumgl guessed a wrong one. He noted that
even the research team members who were awarevodhiecstimulus had been created ‘heard’
the missing phoneme and so did participants whey ltetened to the stimulus again after they
were told that a speech sound was in fact misgitsp, none of the participants could correctly

identify the position of the cough in the senteridee effect was replicated with a 1000Hz tone

3For an auditory demonstration, see Warren, 2008 agaoompanying sound files.
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(equal to the peak intensity of the cough.) It doubt be replicated, however, when the excised
portion of the stimulus was replaced with silence.

Warren'’s first experiment was replicated with thieole syllablegis in legislatures
replaced by noise, showing that the restoratioacéfivas not disrupted by stretches of noise up
to a few hundred milliseconds (Warren & Warren,@9¥Warren and colleagues (e.g., Bashford
& Warren 1979; Sherman 1971) and other researdhees (e.g. Samuel 1981, 1996) describe
this effect as a genuine perceptual illusion, inclhisteners are convinced that they are hearing
an uninterrupted speech stream even though irafpottion of it is absent and has been replaced
by noise. Many more stringent tests followed (foeaew, see Samuel, 1996). Some focused on
the nature of the replacing sound and how psychesiooproperties of the replacement sound
(e.g., amplitude, spectrum and quality of the reiplg noise) affected the probability of detecting
the missing phoneme (Warren & Obusek, 1971). Teflgreummarize their results: They
generally found that the illusion was most effegtwhen the noise was loud enough that it could
have masked the speech sound had it been presenstréngth of the illusion also depended on
the acoustic properties of the excised phonemegdsas on factors such as word/non-word
status, word length, and position of the noisénenword.
Most relevant for present purposes is the effeseotential context on phoneme restoration.
Early work by Sherman (1971) and Warren & Shermi®@74) had found that the noise was
typically ‘heard’ as a phoneme that made a wordyooent with the rest of the sentence, even
when the relevant context occurradteer the critical word (e.g., the word with noiseTihefeel
is on the showvas heard aseelrather tharasmealor whee). In later work Samuel (1981)
noted that participants tended to refuattlein the context ofoldierin (13a) andatterin the

context ofpitcherin (13b). Note that the restored phoneme in (&8¢als a semantic (or at least
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associative) influence on lexical ambiguity resioint The same is true of the sentential
materials used by Sherman (1971).

(13) a. The soldier’s thoughts of the dangero
b. The pitcher’s thoughts of the dangero

lmade him very nervous.
aiade him very nervous.

Samuel developed a discrimination paradigm to itigate the role of different factors on
phoneme restoration: participants had to deternvimether the stimulus item they received was
noise-replaced (i.e. the speech sound was missimise-added (i.e. the speech sound was
masked). How well participants were able to disarate between the two was the measure of
phoneme restoratidnSamuel (1981) compared the restoration ratesavdsiand segments
from the same words (Experiment 1) and found mwettebdiscriminability on segments,
indicating that even though the acoustic informmati@s available, lexical context promoted
phoneme restoration, which was confirmed by theslodvscriminability in words vs. non-words
with identical procedure (Experiment 2). When thgéts were multiply restorable words in
sentences, such as (13) above (Experiment 3) ipamics were able to discriminate better in
predictable context than unpredictable context §@dier’ vs. ‘pitcher’ for ‘battle’) but at the
same time predictable words were judged to be tim@ce often than less predictable ones,
indicating that sentential context creates a bidsoth the discrimination and the following

word-judgment task, similar to the sentence coreéects reported in Sherman (1971).

* Discriminability and restoration are in invers&at®n: lower discriminability between versions
indicates phoneme restoration, “the inferenceas tiney sound alike because the missing
phoneme is being restored in the replaced version.”
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1.4.3. How phoneme restoration was used in theentiresearch

The goal in the experiments described here wasstonthether a restored phoneme can
reveal a prosodic influence on syntactic ambigregolution. Neither prosody nor syntactic
ambiguity has been previously examined using phenesstoration. Samuel’s paired target
sentences as in (13) were evidently intended te llae same prosodic contour (though recorded
separately; Samuel, 1981, p. 487), so they didlhoiv assessment of prosodic effects. The
sentential materials tested by Sherman (1971) antugl (1981) were lexically but not
structurally ambiguous, and they were disambiguatdg by semantic-pragmatic biases.

The language of investigation is Bulgarian, whittbvas concurrent morphological and
prosodic disambiguation. A series of experimentsamambiguities in Bulgarian provide new
data confirming the influence of prosody on resolubf structural ambiguities. In order to
assess a possible prosodic influence on syntaciicgaiity resolution, target sentence pairs were
created that contain a temporary syntactic amhjigegolved by morphological agreement. The
sentences in a pair are minimally different in thionemic sequence and designed to meet
specific syntactic and morphological criteria, ddsed in Chapter 3. The two sentences in each
pair were recorded (by the author, a native speakBulgarian) with appropriate prosody.

Then, as in the original phoneme restoration sgjdigortion of the speech signal was removed
and replaced by white noise. In target sentengestise-replacement manipulation was applied
specifically to the disambiguating phoneme(s), @bgreliminating the morphological /lexical
disambiguation cues, while at the same time itndiddisrupt the prosodic contour of the
sentence and in particular did not affect the diagmating prosodic break which came before
the noise-replaced region. As a result, the paseotences became fully identical segmentally,

but provided contrasting prosodic cues to the ié¢einstructure of the sentence. In effect, the
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noise replacement turned the temporarily ambigseasences into two versions of a globally
ambiguous item with distinct prosodic contours. Hlistener restored the missing sounds, i.e.
what morpho-lexical markers were assigned to theeacontaining word, would indicate which
syntactic structure s/he had imposed on the wonagstif the prosodic phrasing is taken into
account by listeners, the phonemes that are ‘perdeshould represent morphological
agreement that would create a syntactic structomgreient with the prosodic phrasing

(henceforth ‘prosody-congruent restorations’).

1.5. Outline of the dissertation

The primary purpose of the research reported sxdlgsertation was to test and validate a
novel method for studying ambiguity resolution. §method is based on the phoneme
restoration illusion discussed in the previousisacind is implemented in the current research
as a means for investigating the role of prosodsymtactic ambiguity resolution. In addition,
since the experiments conducted for this reseasti wonducted in Bulgarian, a language which
has not been widely studied in psycholinguistiad which is very different from English with
respect to its reliance on morphological disamhtignathe results provide original data
concerning prosodic effects on syntactic ambigresolution in that language.

Using prosody-congruent phoneme restorations asasune of prosodic effects on
ambiguity resolution has some advantages. Firstigiget stimuli will be grammatical sentences
with well-formed prosodic contour. The noise willlp substitute segmental information and
should not interfere with the global prosodic regergation unless the noise-replacement is
performed at a point where relevant prosodic festare realized, such as at a prosodic

boundary. This is surely a desirable characterstistimuli in a study of prosodic effects.
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Moreover, since similar noise does co-occur witbesih in normal everyday situations, the
stimuli will sound completely natural to particiganActually, an experimenter can make sure
that participants are attending to the prosodyefdtimulus without explicitly directing their
attention to it by telling them in advance that gienuli are going to be ‘noise’ at times and need
to focus in order to hear well.

Secondly, in a phoneme restoration experimenti@guity resolution response is
essentially brought down to a lexical choice whgeln be formalized as a choice or elicited in
another way. Asking participants to indicate wimneytheard rather than what the sentence
means eliminates some drawbacks of comprehensgstiqos that were pointed out in section
1.3.1, namely the need to process an addition&sea that distances the response from the
stimulus and may potentially bias the responseutiinats semantic, pragmatic or prosodic
characteristics. Thus, a phoneme restoration fotbede protocol should minimize
participants’ awareness of the ambiguity and colecre immediate responses, which at the
same time would be very similar to the responses comprehension question. These features
make it an attractive choice in an investigatiopfsodic effects on ambiguity resolution.

Furthermore, phoneme restoration responses on aitigsolution are by no means
limited to forced choice between alternatives. @bditory stimuli for phoneme restoration can
potentially be implemented in different responsks$adepending on the experimenter’s needs.
Importantly, there is no inherent need to use ¢esee-medial task, just as there is no need to
use sentence fragments or cross-spliced versittheugh all of these can be incorporated in a
phoneme restoration experiment.

Finally, the range of ambiguities that can be esgaldn a phoneme restoration experiment

are not limited by requirements for a visual digpks it is for the Visual World paradigm,
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although admittedly, it is limited by the need teate minimally different sentence pairs.
Ideally, the words that differentiate the two sawtes should be function words, but that is not

always possible to achieve.

The dissertation is organized as follows.

Chapter 2introduces the two constructions that are useethmy as test cases for prosodic
effects on phoneme restoration in the main experismeported in this dissertation: a
coordination ambiguity and a relative clause amibygPrevious research on prosodic effects on
resolving each of the two structural ambiguitiedisgcussed. The findings for other languages
reported in the processing literature indicate thase two constructions are sensitive to prosodic
disambiguation and therefore are suitable candidatevalidating a novel methodology. It is
anticipated that the outcomes will be compatiblihose of previous studies of these

constructions in other languages with other methbdsmay possibly show greater sensitivity.

Chapter 3reports on the process of creating the experirhstitauli. The three related
experiments presented in Chapter 3 used a wordaehask to investigate the role of prosody in
resolving both types of ambiguity in Bulgarian. Exijnent 1a focuses on the impact of prosodic
boundary location on ambiguity resolution. It comfs that prosodic information can
successfully disambiguate both constructions irgBu&n. Experiment 1b introduces an
additional variable in the design, crossing prosdmtiundary location and length of constituents.
Experiment 1c uses stimuli with an unnaturally fladsody which contained no discernible

boundaries.
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Chapter 4presents four additional experiments, implementiregphoneme restoration method
in two production-perception tasks: sentence rgpet{(Experiments 2a and 2b) and sentence
shadowing (Experiments 3a and 3b). The same ayditonuli as the short version items in the
experiments of Chapter 3 are employed. The restittse Chapter 3 experiments are largely

replicated, with some task-specific differences.

Chapter 5provides a comparison of the three response tasda to elicit phoneme restorations.
It presents participants’ feedback on their peioepdf the phoneme-replaced materials and a
brief assessment of the production data collectdtkperiments 2 and 3, specifically the

indication of prosodic break at the relevant posiin participants’ utterances.

Chapter 6presents two experiments with visual stimuli thatallel the auditory experiments;
the critical graphemes are replaced by a visual”bThe same sentence materials as in the
previous experiments are used in written form wmoad-choice and an elicited production task.
The data show that in some cases prosodic-liketsftean be induced by the format of a visual

presentation of a sentence.

Finally, Chapter 7provides a summary of the findings of the mainegkpents on prosodic and
visual grouping effects for the two ambiguitiestth@re used to validate the efficacy of the new
methodology. It also presents a pilot experimenpmsodic disambiguation of several other
constructions in Bulgarian, some of which havebe#n studied before in any language with

respect to prosody, and discusses the implicabbtige findings. This final chapter also raises
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some issues related to the current experimentpasslble future research employing the

phoneme restoration paradigm.

A summary of the experiments reported in the diasien is given in Table 1 below.

Table 1-1 Summary of experiments in dissertation

Phoneme restoration experiments

Recorded sentences in which noise replaced thepat the lexical

Material . . . . : .

alenals item that provides morphological disambiguation

Prosody Natural prosody with informative Unnatural prosody with no breaks
breaks

Visual word choice Experiment 1a
T
A Experiment 1b  + length contrastExperiment 1¢c  + length contrast
S
K Sentence repetition  Experiment 2a Experiment 2b

Sentence shadowingexperiment 3a Experiment 3b

Grapheme restoration experiments

Materials Typed sentences in which an ink blot replaced tiréign of the lexical

item that provides morphological disambiguation

Presentation Two-screen, with sentence split in the One screen
location of a prosodic break

Silent reading with

T visual word choice Experiment 4a + length contrast Experiment 4bbergth contrast
A . : :

S Silent reading V.V!th Experiment 5a Experiment 5b

K sentence repetition
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CHAPTER 2

THE TWO TARGET CONSTRUCTIONS AND THEIR PROPERTIES | N BULGARIAN

This chapter introduces the two constructions #énatthe focus of investigation: the NP/S
coordination ambiguity and the RC attachment ambjigBrevious research on these
constructions in other languages is discussed ¢tide2.2., in particular studies concerned with
the role of prosodic phrasing or showing possilbtespdic effects. The syntactic structure and
prosody of these constructions in Bulgarian andesdetails on related structures that may be
relevant are discussed in Section 2.3. A previtudyson RC attachment in Bulgarian (Sekerina,

Fernandez and Petrova, 2003) is discussed in Se805.

2.1. The two ambiguities selected for investigation

When piloting a new experimental method, it is eiaéthat the data obtained can be
compared to data from previous experiments usifigrdnt experimental tools. In the present
case, this means it is necessary to pick syntantigiguities that have already been studied,
ideally in the same language and preferably ingastd in more than one study and through a
variety of experimental techniques. The two cortdioms presented in (1) and (2) below fit most
(2) or all (2) of these pre-requisites. Also, sitioe proposed new method will be used in this
research as a tool to investigate the role of ghp$o sentence processing, it was important that
the ambiguities be sensitive to prosodic disamhligoaThere is evidence in the literature that
this is indeed the case for both constructions. &mfevant studies are discussed in Section
2.2.1.

The sentence in (1) is ambiguous as to where thedgRlination is parsed, as illustrated
in the syntactic trees below. In (a) the first n@@esigner’) and the second noun

(‘photographer’) are grouped together as the olgette first clause verb (‘embrace’) while in
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(b) the second noun (‘photographer’) and the tbird (‘onlookers’) are grouped together as a
coordinated NP that is the subject of the secoadsd.

(1) Manekenkata pregarna dizainera fotografa i Ziapa&ite se razsmiaha.
Model-det  embrace-past designer-det and phapbgr-det and onlookers-det. refl laughed-past
The model embraced the designer and the phegtbgr and the onlookers laughed

a. FIRST-CLAUSE OBJECT NP-COORDINATION

S
S/CW S
NP VP i NP VP
Manekenkata | A~
/\ ZN
V NP ziapgite serazsmiaha
pregarna/l\
NP conj NP
| |
Ny N

dizainera i fotografa

b. SECOND CLAUSE SUBJECT NP-COORDINATION
S
T~
S conj S
|

NP VP i NP VP
I\/Ianekenkata/\ T P
se razsmiaha

\ NP NP conj NP
pregarna | |

N N N

dizainera fotografa ziap&ite

Other than the location of the NP coordination,tthe alternative interpretations illustrated in
the syntactic trees for (1) are quite similar wispect to global sentence structure: both (1a) and

(1b) consist of two conjoined clauses; the firsiusle in both contains a transitive verb with
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nominal argument; the second clause in both comtanintransitive verb (reflexive in
Bulgarian). Since the NP coordination is in a diéf& clause in (a) and (b), we can expect a
correlation of each interpretation with the locataf a major prosodic boundary: after the
second noun in (a) or after the first noun in {)e prosodic characteristics of this type of
sentence in Bulgarian will be discussed in moraitlet Section 2.3.1. This ambiguity will
henceforth be referred to as NP/S coordinatiortesihe choice point in the parse arises at ‘i
fotografa’which may be attached as part of an NP coordinatiadject position, or as the

beginning of a new clause conjoined with the fotause.

(2) Zastreliaha prisluzgata na aktrisata, koiato beSe na balkona.

Shogf pipast S€rVantm.ger Of acCtressm.qetWh0em DE3p-sg-pasON  balconye:
(They) shot the servant of the actress whoomase balcony.

a.HIGH RC ATTACHMENT

IP
N

NP I
AN
I VP
past .\
t V'
ST~
Vv NP
zastreliaha /ST~
Det N'
ST~
N' CP (RC)
AN AN
N' PP rel pron IP
| koiato beSe na balkona
N1 P NP
| | AN

prisluzncata na Det N

|
N

aktrisata
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b. LOW RC-ATTACHMENT

IP

NP I

™~
Det N’
N'/\PP
I
N P NP
prisluznéata T
Det N'
PN
N' CP(RC)
| ST~
N, rel pron IP

The example in (2) illustrates the relative cla(R€) attachment ambiguity. The
sentence contains a relative clause that can paitgmhodify either the whole complex NP
(‘servant of the actress’) or only the second ngactress’) which immediately precedes the RC;
see the syntactic tree structures below. The foislemown in the literature as high attachment
of RC and the latter as low attachment.

Research on RC attachment in various languageshioan that this construction is
sensitive to prosodic disambiguation; details int®a 2.2.2. Note that the high RC attachment
structure in (a) has a structural discontinuityceaing the RC, which may be marked by a

prosodic boundary, whereas the low RC attachmemttsie in (b) has no such discontinuity.
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Importantly for present purposes, there is a phbtisstudy on this particular ambiguity
in Bulgarian (Sekerina, Fernandez and Petrova, 2@8&h used both written and auditory
materials. Although it did not specifically examitine role of prosody in syntactic/semantic
processing, the RC-attachment ambiguity resolyti@fierences they report can be compared
with the data from the current experiments.

To sum up, both NP/S coordination (1) and RC attaatt (2) can be globally ambiguous
in Bulgarian and are good candidates for an exparirthat aims to validate a new methodology,
because ambiguity resolution preferences for theastructions have been investigated in a
number of studies using established methodolog@#hat the results obtained in the current
research can be compared with findings on otheguages (for both constructions) and also with
existing data on Bulgarian (for RC attachment). Tdllewing section presents existing research

on these two ambiguities and related structureghar languages.

2.2. Previous research on the processing of NP/Socdination and RC attachment
ambiguities and other ambiguities relevant to the wrrent experiments.

2.2.1. Studies on NP/S coordination and other aoatn structures.
The Bulgarian example (1) is related to an expembadatem from a study on Dutch (Hoeks,
Vonk and Schriefers, 2002), shown in (3). The Dehtences in (3) contain a temporary
ambiguity at the point of integrating the noun daling the conjunction word ‘en’, which is
resolved by the end-of-sentence phrase (in boldérexamples) which in (345 a PP

modifying the verb ‘embraced’ and in (3b) a verhahhtakes ‘photographer’ as its subject.

s The PP refers to the action in (3a) because éngesice final; otherwise it can also refer
to the noun (e.g. ‘the photographer at the parghad’).
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(3) a. De mannequin omhelsde de ontwegrerde fotograaf op het feest
The model embraced the designer and tbheoghapher at the party.

b. De mannequin omhelsde de ontwegperde fotograaf lachte.
The model embraced the designer and tbeoghapher laughed.

Although partly similar, the temporary ambiguityDutch (3) differs from the Bulgarian
example in (1) in an important way. As noted abawvehe Bulgarian example in (1) alternative
structures (1a) and (1b) are equal in overall cexipl, but that is not the case in the Dutch
sentences in (3). The Dutch NP coordination seet€da) has a simpler syntactic structure than
the Dutch S coordination sentence (3b). The nohotggrapher’ can be parsed in the currently
open clause, in which case it is interpreted ascomgunct within the direct object of the verb
‘embrace’, as in (3a), or as starting a new comdiolause of which it is the subject, as in (3b).
This type of temporary ambiguity in Dutch was poesly investigated in a self-paced
reading experiment (Frazier, 1987) and a preferérclP coordination over S coordination
was found, measured by reading times for the thsabiguating) segment of the sentences,
which was interpreted as a manifestation of theidah Attachment principle. Hoeks et al.
(2002) explored alternative explanations for thecpssing difficulty associated with the
temporarily ambiguous NP (‘the photographer’ in éixample) in S coordination sentences
is preference in their study. Their hypothesid&t readersdispreferS-coordination when this
involves having to complicate the assumed topic-+oent structure by having to accommodate
the ambiguous NP as a second topic” (p.101) teipiic defined as the element referring to an
entity about which information is given.
Hoeks et al. (2002) used several different taskexpdore the effect of discourse context (topic

structure) on the interpretation of this type oféguity. Experiment 1 used a gated completion
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task in which sentence fragments were presentbdrait isolation or in contexts biasing toward
one of the interpretations and the fragments wetatvarious points: after the conjunction,
after the definite article, or after the secondmdearticipants had to provide a continuation that
made a grammatical and plausible sentence. Fan&ats presented in isolation, they found a
preference for NP coordination over S coordinatldowever, when the preceding context
indicated possible S coordination, that interpretatvas frequently adopted. Experiment 2
employed self-paced reading and found evidencgrimater processing difficulty of S
coordination sentences in a neutral context, winakh eliminated in biasing contexts.
Experiment 3, combined self-paced reading withtegteking and obtained similar results.
Hoeks et al. explain their findings in terms ofrmpiple of minimal topic structufealthough
they do not exclude a Minimal Attachment accourthefdata. This principle of minimal topic
structure dictates a preference for the simplgsttstructure unless there is evidence to the
contrary. This principle is satisfied in the NP mtination sentence (3a) which has a simple one
topic structure known aspic-commerit whereas it is not satisfied in the S coordination
sentence (3b) on its own, since it requires twackpl he data in Hoeks et al. (2002) show that
the larger context in which an ambiguous senteppears has an effect on parsing preferences.
In particular, preceding context can indicate thsgibility of a more complex topic structure (by
introducing the two referents) and thus reduceptioeessing difficulty which a temporarily
ambiguous sentence with S coordination causes wtesmented in isolation or with non-biased

context.

*In the absence of explicit contextual or syntacties regarding the topic-structure of a
sentence, assume the simplest topic-structurelpesép.101)

" This type of topic structure is also the most canm

® Hoeks, Hendriks, Vonk, Brown and Hagoort (200@)oré that although thematic information
was used rapidly it did not completely neutralizegessing difficulty.
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Hoeks et al. (2002) also included as a control ttamda contrast between a comma and
no comma after the first noun in Experiments 2 an@lhey consider the comma a pragmatic
marker of S coordination, because in that positigisallows NP conjunction, but it is possible
that the comma induces a prosodic-type break @misieading that contributes to the finding of
reduced processing difficulty. It can be anticipktteat a prosodic break after the first noun
(before the conjunction) in a spoken rendering séatence like (3b) would also promote the S
coordination interpretation compared to no breatai location.

To summarize, the NP/S coordination experimentBatch confirmed a preference in
silent reading for NP coordination over S coordmatind showed that this preference can be
shifted by pragmatic context. The possibility obgodic disambiguation of this construction was
not investigated by Hoeks et al. (2002, 2006) lamnot be ruled out. Such an explanation is

proposed for the auditory experiments on the Buidgaambiguity in (1).

Coordination ambiguities in general have been shimire sensitive to disambiguation
by insertion of a prosodic phrase break at onenotleer position in the sequence of conjuncts.
This type of structural ambiguity and its prosodisambiguation have been the focus of a
number of investigations of the relationship betwpesody and syntax, dating back to seminal
work by Lehiste (1973), which included items withoedination ambiguities like the ones in (4).
In (4a) the adjective can modify just the first nan the coordination structure or the coordinate
‘N and N’ sequence. In (4b) the three nouns cagrbaped in different ways: (Steve) or (Sam
and Bob) vs. (Steve or Sam) and (Bob).

(4)

a. The old men and women stayed home.

b. Steve or Sam and Bob will come.
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Lehiste (1973) reports a production and a perceiody. In the production part,
speakers first read aloud sentences without befiegmed of the existence of an ambiguity, then
they had to identify the meaning they had intenaled! produce disambiguating versions for each
interpretation. The three versions of the sentem@¥e used in a subsequent listening task with
paraphrase choice. The perception data showetldteaters were on average able to judge the
intended meaning correctly for the deliberatelyadibiguated stimuli and to a lesser extent for
the original productions. The different versionglod sentences where intended structure was
interpreted correctly by listeners showed diffeesnm prosodic phrasing. In a subsequent study
with some of the same materials Lehiste, Olive, @tndeter (1976) found that listeners can
distinguish between different bracketing in thetesaoe (4a) on the basis of durational cues other
than pauses. More recently, a variant of the coatdin ambiguity has been featured in
assessment instruments designed to detect expressivperceptive prosody deficits in children
(Peppé & McCann, 2003; Peppé, McCann, Gibbon, GH&arRutherford, 2007). Their
Chunking Input and Output task included items wittequence of three color adjectives that
could be grouped differently, such as: ‘pink&blakd green socks’ versus ‘pink and
black&green socks’.

A coordination ambiguity similar to (4b) was invigstted by Clifton, Frazier, and
Carlson (2006) with respect to how well it can machbiguated by prosodic break location.
They used an auditory questionnaire with a fordeciee paraphrase task, as shown in (5)
below, with a systematic manipulation of prosodaibdary placement and constituent length.
Their findings are relevant to the current resedoelcause of an important similarity between

the Bulgarian NP/S coordination presented in (1) thieir experimental materials illustrated in
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(5). Both coordination constructions involve aisgiof three nominal conjuncts that can be

grouped differently, resulting indifferent interpa@ons of the sentence.

B) a Pat or Jay and Lee convinced the bankdmetsto extend the mortgage.

b. Who convinced the bank president?

c. Pat, or(Jay + Lee) (1 or 2 people) (Pat or Jay) + Lee (2 people)

The ambiguity in English (5a) is due to scope. e gase the disjunction has scope over the
conjunction, so the interpretation is ‘either Piat)X or Jay and Lee together did X'. In the other
case, the conjunction scopes over the disjunctiahtiae interpretation is ‘either Pat or Jay did X
together with Lee’. The auditorily presented seoés had a prosodic break either early, after
the first noun (Pat’), or late, after the second nouday’). Participants read a comprehension
guestion, such as in (5b) following each senteand,selected one of two visually presented
answers, as illustrated in (5c).

Clifton et al. (2006) established that the prosqicasing manipulation robustly affected
listeners’ syntactic/semantic analysis of the amityg With an early break the second and third
nouns were most often grouped together syntagtieald the first interpretation (1 or 2 people)
was inferred; with a late break the first and selcoouns were most often grouped together
syntactically and the alternative interpretatiorp€dple) was constructed. In a follow-up
experiment they replicated those findings with canmouns with determiners. An additional
contrast in their study that also had an effecanterpretation preferences was constituent length;
this will be discussed in more detail in Chapter 3.

It should be noted that the NP/S coordination aoibygn (1) to be investigated in

Bulgarian combines characteristics of the two amitigs discussed in this section: different
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grouping of three nominal conjuncts comparablénéd tised in English by Clifton et al. (2006),
and a NP that can be parsed as object NP coomimiatithe current clause or can open a new
clause in a S coordination structure, similar ®ambiguity in Dutch used in Hoeks et al. (2002,

2006).

2.2.2. Previous research on the processing of @atchment ambiguity

The sentence in (2) is based on an experimentalfitem Cuetos and Mitchell (1988),
the study which spurred a debate on cross-linguiktierences in language processing and
prompted an interest in RC attachment preferencd#ferent languages. Cuetos and Mitchell
(1988) conducted a silent reading questionnairgysttn RC attachment in Spanish (Experiment
1A) and on close translations of the same maten&sEnglish (Experiment 1B) (“literal
English translations of the 24 sentences used pexent 1A” p.80), as illustrated in (6).

(6)

a. Alguien disparo contra la criada de la actgme estaba en el balcén con su marido.

b. Someone shot the servant of the actress wko wathe balcony with her husband.
The ‘NP of NP RC’ sentences in (6) are ambiguousoith languages, because as already
discussed for (2), the relative clause can modtfyee the complex ‘NP of NP’ phrase (‘la criada
de la actriz’ / ‘the servant of the actress’) alyathe second NP (‘la actriz’ / ‘the actress’hel
Late Closure principle predicts that the RC wikfarentially be attached to the second noun.
Yet, the silent reading questionnaires with palatiaterials (Cuetos and Mitchell, 1988) showed
opposing preferences in the two languages: Engpglakers generally tended to interpret the
relative clause as referring to the lower NP (iagiag with Late Closure), while Spanish

speakers tended to prefer high-attachment to tlidenWNP of NP’ complex (contrary to Late
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Closure). Cuetos and Mitchell (1988) report thrédittonal silent reading experiments in
Spanish, which used experimental items with RCchtteent forced low by an additional clause
disambiguating by pragmatics or gender agreemehtlferent types of control iteisThe
experimental and control items were presentedsasjaence of visual displays and reading times
for the final display were compared. All three exipents revealed processing difficulty in the
experimental items compared to the controls, coptawhat would be predicted based on Late
Closure.

The observation of different preferences with dalahaterials in English and Spanish
and in particular, the Spanish speakers’ preferémceigh attachment found by Cuetos and
Mitchell (1988) contrary to the prediction of Latdosure, is problematic for a theory of
sentence processing based on the assumption ofexrsal parser, such as the Garden Path
model of Frazier (1978). An explanation was therefoeeded for the cross-linguistic variation
in ambiguity resolution preferences for this conmstion. For that reason Cuetos and Mitchell
(1988)’s seminal study on RC attachment in Enghistt Spanish prompted extensive research
on this ambiguity in other languages. The literatgrextensive. See the appendix to this chapter
for a summary of data and proposed explanationR@@attachment preference differences
cross-linguistically, much of which concerns silee&ding.

In a related line of research, a number of studi¢se last decade have explored the
possible role of overt prosody in influencing théerpretation of the RC attachment ambiguity,
using auditory materials. The findings most reléuarthe current research are briefly

summarized below.

® The control items were similar to the experimeitehs in content, but did not force low-
attachment interpretation, because they had onenNR(Experiment 2), one NP /conjoined NPs
(Experiment 3) or two NPs did not differ in gen{Eéxperiment 4).
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In English, the role of prosody in disambiguatihg NP of NP RC construction was
investigated with respect to contrastive actdmy Schafer, Carter, Clifton and Frazier (1996)
and Maynell (1999, 2001). Both found that a pitchemt on one of the two nouns shifts the
attachment preference to the accented"hdgaynell (1999, 2001) also established that an IPh
boundary between the complex nominal and the velalause creates an overall preference for
high RC attachment contrasting with the low attaehtrpreference observed without a prosodic
break in that position.

Subsequently, Clifton, Carlson and Frazier (2002¢stigated how the interpretation of
RC attachment (and of several other ambiguities) afected by the presence of a prosodic
boundary after N1 and its siZeelative to the boundary after N2 as shown irb@lpw affected.
They found a significant difference in attachmemneéipretations, especially between the two
phrasings in (a) and (c) and conclude that a piodmxlindary preceding a constituent which is
larger relative to an earlier boundary promotesetogh attachment interpretatidns

(7) | metthe daughter || of the colonel || wias on the balcony.

a. 0 ip
b. p i ip
C. hiP ip

Ferndndez (2007) conducted a listening comprehemsiperiment as part of her
investigation on the RC-attachment constructioBrnglish in which she compared three types of

prosodic contour (a break after N1, a break af@grdawd no break). She observed a general

19For example contrastive stress on ‘propeller’ ofptane’ in the sentence “The sun sparkled
on the_propelleof the planghat the mechanic was so carefully examining.”

! The data provide support for their Focus Attrattitypothesis

12 The difference in size of the boundary after Nswaanifested in lengthening of N1 as well as
FO modulation.

3 Supporting their Informative Prosodic Boundary biyyesis first formulated in Carlson, Clifton
and Frazier (2001) for adjunct attachment (e.gie9aarned that Bill telephoned late last night /
after John visited.)
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preference toward low RC attachment in her experintdowever, compared to the no break
condition a break after N2 produced a small buabé increase in high attachment
interpretations, whereas a break after N1 substigntecreased high RC attachment responses.
The length of the relative clause modulated thectfdf the early break (after N1) but not the
late break (after N2).

The findings for English thus show that a prosdmiak in a particular position can give
a boost to one interpretation over the alternafiVe presence/absence of an IPh boundary was
found to be a salient cue for attaching the RC @madantly high or low respectively in other
languages besides English. For example, Jun (Z008) effects of boundary placement on RC
attachment in several languages (English, GreekniSh, French, Farsi, Japanese and Korean).

In Spanish, for which high attachment preferencesHis construction were first
reported, Igoa and Teira (2004) explored the rblerasodic facilitation on RC attachment with
unambiguous materials: RC attachment was disamteiguey number agreement (N1 and N2
were mismatched in number and the RC verb disarabeguo one or the other) and the prosodic
break location either reinforced the morphologaiahmbiguation (congruent prosody) or
counteracted it (incongruent prosotfy)They found prosodic effects in all tasks (questaire,
grammaticality judgement, anomaly detection andsmmodal naming), particularly in the
sentences with RC attachment forced low. In addtibey report asymmetric effects of the two
prosodies on RC attachment interpretation, as wieserved for English by Fernandez (2007),

namely a greater effect of a break after N1.

“In a subsequent study, Teira and Igoa (2007) éskenl that the durational features played the
essential part in prosodic disambiguation of thiscdure in Spanish. Durational cues may be
expected to also play a part in Bulgarian.
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Such asymmetry in the magnitude of the alterngiresodic boundaries’ effect on RC
attachment interpretation has been reported fardédmguages, such as Croatian. LoOY2003)
explored the effects of different prosodic phrasm@roatian (Zagreb dialect) where two
alternative forms of the NP of NP RC constructitinstrated in (8), exist in free variation: one
has an overt non-thematic preposition ‘od’ beftwe decond (genitive) noun, the other does not.
(8)

a. Nazvali smo Klijenticu |p€l) odvjetnice Sto pusi cigare.
b. Nazvali smo klijenticudd) odvjetnice || Sto pusi cigare.

“We phoned the client of the lawyer that smokemuis”

Lovri¢ (2003) established that the presence of the piteposeduced high RC attachment
interpretations in silent reading. The phrasindgras in a subsequent production study showed
that the presence of ‘od’ increased the likelihobd prosodic break after N1 (even when it was
not consistent with the RC disambiguation by numbad eliminated or weakened the
probability of a break before a relative clause. (iafter N2) which is otherwise common in
Croatian. Finally, the two prosodic patterns (aakrafter N1 vs. a break after N2) were
contrasted in an auditory questionnaire study waittbiguous materials RC attachment like (8).
Lovri¢ (2003) reports that regardless of the presentieegbreposition the break after N1
produced a very low rate of high RC-attachmentrpriations, whereas a break after N2
produced a steady, but more moderate high RC atiachpreference. The Croatian data thus
confirms that overt prosodic phrasing may caudaftia attachment preference for the relative
clause and show a stronger effect of N1 break comip@ N2 break.

Similar findings were reported in Augurzky (200&hawsed different methods,

including ERPs, to explore extensively the sameiguity in German, which also has an
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optional non-thematic preposition (‘von’). She fouen effect of overt preposition on RC
attachment interpretation in silent reading not yigh ‘von’, but also with a thematic
preposition (‘bei’) and confirmed in a productiandy that the presence of a preposition
increases the probability of a prosodic break betwd1 and N2. In a listening questionnaire
ERP study Augurzky (2006) found immediate effedtthe prosodic break, as well as different
CPS patterns elicited by the different prosodicaghngs.

Shaked (2009) investigated the RC-attachment antbiguHebrew free state and
construct state ‘NP of NP’ constructions, which édve same meaning but differ in syntactic
structure and morpho-phonological characteristies. elicited production data show that
participants produce a prosodic break between 2R more often when the sentence is
disambiguated toward high RC attachment than wheséntence is disambiguated toward low
RC attachment, but the proportion of breaks is sloenced by RC length. Her listening
experiment with ambiguous materials confirms tHeatfof prosodic information in RC
attachment interpretation.

The findings of prosodic effects on RC attachmatdrpretation in different languages
are relevant to the present research in two wayst, Fhey indicate that the presence of a
prosodic break at a relevant point in the structame disambiguate RC attachment or at least
bias toward a specific interpretation of the RCsistent with it. This gives grounds to including
the RC attachment ambiguity as a test case fomtigauation by prosodic break location in
Bulgarian. Secondly, in view of the observed asyitnyna the effects of a prosodic break after
N1 vs. after N2 in Croatian (Low;i 2003), Spanish (Igoa and Teira, 2004) and English

(Fernandez, 2007) a similar finding may be expetade@ulgarian.
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There is some data on RC-attachment in Bulgartama$ investigated with written and
auditory materials by Sekerina et al. (2003). Tfoeypnd a 59% high attachment preference in
silent reading using a standard questionnaire twasklar to the high attachment preference
found for Russian (Sekerina, 1997). However, theosfie preference emerged for both written
and spoken input with novel sentence materialsrid®sg geometric shapes arranged in a visual
presentation. These psycholinguistic experimentBugarian will be discussed in more detail
in section 2.3.5. The next section provides somguistic details on the two ambiguities in

Bulgarian, with respect to syntactic structure prmsodic phrasing.

2.3. Linguistic details of the two constructions irBulgarian

2.3.1. The NP/S coordination ambiguity in Bulgariggntax and morphology

The overall structure for NP coordination and Srdowtion in Bulgarian is not different
from that of their English or Dutch counterpartsiehhwere discussed earlier. The Bulgarian
sentences in (9a-b) below are the equivalentseobilitch examples in (3) above. The Bulgarian
equivalents of the Dutch examples are given beM®/coordination in (9a) and S coordination
in (9b); the sentence in (9c¢) repeats the Bulgagkample with global ambiguity given in (1).
As already discussed, the difference between tbariterpretations for (9c) is that the two
possible locations of the NP-coordination changecttmplexity of each clause, but not the
overall structural complexity of the sentence. Tikisnportant to note, because it eliminates the
factor of differential global syntactic complexityr the competing interpretations of this
construction.

(9) a. NP coordination

Manekenkata pregarna dizainera fotografa po vreme na partito.
Model-det embrace-past esjgner-det and photographer-det] at tinoé party

The model embraced the designer and the phapbgr at the party.
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b. S (clause) coordination

Manekenkata pregarna dizainera fotografa se razsmia.
[Model-det  embrace-past desigiedt and [photographer-det refl laughed-past

The model embraced the designer and the photogrdpbghed.

c. combined NP and S coordination (globally ambigugs)
Manekenkata pregarna dizainera fotografa | Ziap&ite se razsmiaha.

Model-det  embrace-past desigletrand photographer-det and onlookers-det refiHad-past-pl

The model embraced the designer and the photogragid the onlookers laughed
The two additional examples in (10) show that ingaaan this type of sentence, combining NP
and S coordination can also be temporarily ambigués is the case of (9c), the overall
structure of the sentences in (10a) and (10b)rislled i.e. each consists of two coordinated
clauses connected by the conjunction ‘and’, thet ilause with a [S-V-O] structure and the
second one structured as [S-VP]. As in (9c), apitiat where the second noun (‘photographer’)
is encountered in (10a-b), both interpretationaasalable. However, the two sentences in (10)
are only temporarily ambiguous because Bulgariandidigatory subject verb-agreement,
reflected in morphological markers for person andhber. In this case the morphological form
of the verb in the second clause disambiguatetethporarily ambiguous sentences via number
agreement.

(10)

a. combined: NP coordination followed by clause codination

Manekenkata pregarna dizainerfotografa I pomoSnikat mse razsmia
[Model-det embrace-past [designereaaet photographer-det]] and [assistent his aeftyhed-past-sq]

The model embraced the designer and the photographd_his assistant laughed

b. combined: NP coordination following clause cooration
Manekenkata pregarna dizainefatografar pomosnikat me razsmiaha
[Model-det embrace-past designer-det] [[photographer-det and assistent his] aeftjhed-past-pl]
The model embraced the desigreerd the photographer and his assistant laughed.
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In (10a) the second clause verb (‘laugh’) is siaguto it can only refer to the singular third NP
(‘his assistant’) and therefore only allows thetagtic structure shown in (1a), whereas in (10b)
the verb (‘laugh’) is plural, so it has to referthe coordinate NP (‘the photographer and his
assistant’) and therefore mandates the syntactictate shown above in (1b). The sentence in
(10c) is globally ambiguous, because the plurdbwan refer to either the third NP which is
plural in this case or to a coordination of singuNi®s.

The Bulgarian sentences in (9¢) and (10a-b) alsome way resemble the coordination
ambiguity given in (5) which was investigated farglish by Clifton et al. (2006). Both
constructions involve different grouping of thresmnal conjuncts that correspond to
alternative interpretation of the sentence. Butdhg an important difference. In the materials
illustrated in (5), a differently configured coandie NP fills the subject position of the main
clause (always at the beginning of the sentendagyeas the three nouns in the temporarily
ambiguous Bulgarian NP/S coordination construcio¢l0) and the globally ambiguous one in
(9¢) fill two syntactic positions in two coordindtelauses (object of the first clause and subject
of the second clause). So while both ambiguitiesra@lated to which conjunct is in a higher
syntactic node than the other, the alternative NRng in the NP/S coordination construction
does not involve multiple layers of NP coordinatwith scopal ambiguity as the ambiguity (due
to alternating ‘and’ and ‘or’) in (5) and may thioe a cleaner test case for prosodic grouping
effects.

In the NP/S coordination in (10) the same conjurcti’ (and) is used both for NP

coordination and clause coordination. The conjamcti is the most common in coordinating
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structures in Bulgarian and unlike others can leglwsith all types of conjuncts In Bulgarian,
as in other languages, the syntactic role of tledinated elements is typically the same,
although their internal structure does not havieetadentical. For example, NP conjuncts are not
restricted in type, structure and number of modsfialthough an extreme disbalance between
the conjuncts in terms of complexity (e.g., cooatlion of a single noun with a complex NP
containing multiple modifiers of different types)not typical in stylistically neutral speech.

When more than two constructions are linked togdtha coordination structure, the
conjunction ‘i’ is typically only used before thast one and the conjuncts that are not preceded
by ‘I’ are separated by a comma in writing, e.gafmekenkata, dizainera, fotografa i pomosnikat
mu’. Repeating the conjunction in same-type phcasedination is possible, but it is not
stylistically neutral. For example, (11a) only cegs a piece of information and is stylistically
neutral, while (11b) conveys also attitude, a défee which will be reflected in the phrasing of
the utteranc® and in punctuation by the comma before ‘I'.

(11)

a. Maria dovede brat si, saprugata mu fe thim detsa.
Maria brought-3p brotherrowwife-det his and three their children

Maria brought her brother, his wife and their threleildren.

b. Maria dovede brat si isaprugata murite im detsa.
Maria brought-3p brotherroand wife-det his and three their children

Maria brought her brother and his wife and theirgk children.
However, when different levels of coordination acenbined, multiple instances of the
conjunction ‘i’ are possible and are stylisticatigutral. This is the case in the target constractio

that combine NP/S coordination shown in (10) whiombines NP and clause coordination.

> The other conjunction that can be used in NP doatidn is ‘ili’ (or) and there are
conjunctions that are used to form VP/S coordimasitbuctures that express contrast, such as
‘no’ (but) and ‘a’ (while).

*1n (11b) each NP will typically be placed in a amde prosodic phrase
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With the two instances of ‘i’ in (10) there is norema in writing to indicate the location of the
prosodic break, because in Bulgarian comma is lased before the conjunction ‘i when

between two syntactically-equivalent conjuriéts

2.3.2. Prosodic disambiguation of the NP/S cootthnaambiguity and typical prosody of

coordination constructions in Bulgarian

In addition to overt morphological agreement magkithe NP/S coordination
construction in (10) is disambiguated in Bulgargna clausal prosodic (IPh) boundary in
normal speech at the end of the first clause irctmplex sentence. For the object NP
coordination sentence in (10a) the IPh boundarfalilafter the second noun ‘fotografdahé
photographe). Such a break will prosodically group the firsbtnouns together and show they
are a constituent intended to fill the object posiin the first clause as a coordinated NP. The
subject position of the second clause will thetiilbed by the third NP, ‘pomosnikat muh{s
assistant, in conformity with the singular form of the veirbthe second clause. For the
subordinate subject NP coordination structure irtesgce (10b) the IPh boundary will be located
after the first noun, ‘dizainera’the designer, showing that it is intended to stand on its @sn
the object of the first clause verb. The secondthimd noun will now be grouped together
prosodically and form a conjoined subject for theand clause, which is in agreement with the
plural form of the verb. Importantly, the locatiohthe prosodic break in the globally ambiguous
sentence (9c¢) can indicate the intended structwes in the absence of morphological

agreement cues. A break after the second nourgkeilip the first two nouns in object NP

' A comma is generally not used before ‘i’ in Buligar, unless for emphatic reasons. It is
obligatorily used, however, before disjunction witbh’ (but) and ‘a’ (but/while).



58

coordination, while a break after the first noutl wignal second clause subject NP coordination.
This is also the case in the current researchpitbhgodic boundary location was the sole
disambiguator of the intended structure in the gliafter morphological disambiguation was
removed by noise substitution.

In Bulgarian, IPh type prosodic breaks are produmedefault in normally paced,
stylistically neutral speech at the end (right gdgea sentence or a clause in a complex
sentence. Thus, the IPh break at the end of thieclmuse in a S coordination may be taken as an
instantiation of a general syntax-prosody alignneamistraint in Bulgarian of the type
formalized by Selkirk as Align X@(see Chapter 1 above.) This alignment constraast w
formulated for English, where prosodic boundariagehbeen shown to align with the right edge
of syntactic constituents. Its direction in anydaage is a language-specific parameter setting,
though there appears to be a trend for prosodie atignment to coincide with the syntactic
branching direction of a language. The fact thataardination structures in Bulgarian, the
legitimate location of a prosodic boundary is bedwa conjunct word and the material
preceding it, not between the conjunct word anddlewing conjunct, supports the assumption
that Bulgarian is also an AligniXP parameter setting language. (Note: This assomptay or
may not be broadly applicable; only nominal andiséd edges are addressed here.)

The IPh break is realized through both tonal amatibnal means. The common
durational marker of a right-clause-edge IPh bisgke-boundary lengthening, often
accompanied by a pause, but the size of both depmnéhctors such as speech rate and
intensity. (Misheva & Nikov, 1998; Tilkov, 1981)h€& boundary tone can be high or low as in

English, with a continuation rise being more typioaa non sentence-final clause.
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Another observation about prosodic phrasing in Baém possibly relevant for the
current research is that as a general rule, twagalsrthat form one syntactic constituent or a
syntactic complex will in the default case (i.estylistically neutral speech) be produced in
Bulgarian in one prosodic phrase, unless theyramglinately long and/or complex in structure.
That is, a prosodic break will generally not ocbatween a head and its modifier or between
sister nodes in the tree. Tilkov (1981) specificéilts the following cases where separation
should not normally occur inside a combinationaofexical word and clitic(s) (i.e. within a
prosodic word); nouns in apposition (e.g. ‘zamesttiiektor’ vice principal)*®; an attributive
adjective and a noun (e.g. ‘goliama kagtigl housg™; two adverbs if one modifies the other
(e.g. ‘mnogo barzovery fas}; single-word subject and verb-form (e.g. ‘viaklajde’ the train
cameg; single word verb-form and direct object or adhalr (e.g. teta kniga'read a book
‘varvia barzo'walk fasj; idiomatic expressions (e.g. ‘ot igla do kondteim beginning to end

This list indicates that besides the AkgKP constraint, it is likely that another type of
constraint also operates in Bulgarian and is @tinetly high rank: perhaps a Wrap-type
constraint that requires both edges of XP and Maktign or a semantic constraint like Selkirk’s
(1984)Sense Unit Conditigrwhich predicts that a boundary will not occurhwita constituent
formed by a head and any number of its modifiedB@marguments.

In the case of NP coordination structures, thismaghat the two nominal elements that
form a NP coordination will typically also form angle prosodic phrase. The requirement to
keep the NP coordination prosodically ‘tight’ (asemse unti) does not interfere with the

requirement to insert an IPh break at the clausadary, so both constraints can be satisfied in

®Also when a first and last name are used (e.g. R&tnov), so this applies to the long NP/S
coordination items with proper names.
¥ This concerns the long items for both NP/S coatilim and RC attachment.
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(10). However, another type of constraint on prasptirasing that has been shown to operate in
English (Selkirk, 2000) and other languages likbidey (Shaked, 2009) may be relevant to the
current research, namely a constraint on optimeadgghlength. For example, in (12) below, the
two noun phrases, ‘my brother’ and ‘his wife’ wié phrased together when grouped in a
coordinate subject (12a). However, if one conjurgteng, as in (12b-c) this may not be the
case. The two coordinate NPs may still be groupgdther together prosodically, but they will
likely separated into two smaller phrases, espgaial12c) where the first conjunct is long. The
presence and size of this optional boundary dependsrious factors such as speech?fate

(12)

a.Brat mi i saprugata rdte ni gostuvat prez uikenda.

Brother my and wife-det his will us visit-pl ding weekend
My brother and his wife will visit us this weekend.

b.Brat mi i neveroiatno pretencioznatasaprugate ni gostuvat prez uikenda.
Brother my and unbelievably pretentides his wife will us visit-pl during wkend
My brother and abelievably pretentiousis wife will visit us this weekend.

c. Neveroiatno pretenciozniat mi brat i saptagnuste ni gostuvat prez uikenda.
Unbelievably pretentious-det my brother and widé his will us visit-pl during weekend
My unbelievably pretentious brother and his wifé wsit us this weekend.

Thus, a well-formedness (optimal length) constraraiso in play in Bulgarian. Some of
the items listed by Tilkov (1981) as phrases tlaginot be divided by a break include a length
restriction. (For example, subject and verb haveetphrased togethenly if both are single-
word phrases). This distinction also implies thesteace of well-formedness constraints like
BinMaP in Bulgarian and also that perhaps the mimmphrase length requirement BinMin is

ranked higher than its counterpart BinMax. It iportant to note that prosodic breaks in

“The break inside the coordination structure will be an IPh break, at least in stylistically
neutral speech. Its presence may also be modulgtedhere the NP coordination appears in a
sentence.
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Bulgarian can be a reflex of constituent lengtltause constituent length is one of the variables
manipulated in some of the experiments reportedigdissertation (Experiments 1b and 1c).

Note, however, that the NP-length contrast in {82etween a short NP and a very long
one, so the length constraints may not apply irsdme fashion to the sentence materials for the
experiments reported here, in which the NPs arghalit or long. In principle, there is no
constraint on the length of the coordinated compts Bulgarian either in absolute terms or
relative to each other. However, a phrase with ssizeecoordinate components will in general
sound more mellifluous to speakers of the langu@geceivably, there may be a (probably low
ranking) balance constraint in the language, whastors same-size phrases, such as the Same

Size sister constraint (Fodor, 1998).

2.3.3. The RC-attachment ambiguity in Bulgariamtay and morphology
The NP of NP RC construction in Bulgarian illusein (2) and repeated as (13a) below is
globally ambiguous, as is its counterpart in Erfgliad Spanish given in (6). The Bulgarian
sentence in (13a) also has in general the samadiynstructure as its counterpart in English /
Spanish in (6). As shown in the syntactic treeq2)rabove, the overall syntactic structure of
the sentence for the alternative RC attachmenfisrdliin an important way: the high (N1) RC
attachment sentence in (13b) has a structural whiswoty in the syntactic tree which is not

present in the low (N2) RC attachment sentenc&3c)( which is fully right-branching.
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The two additional examples given in (13b) and |3mw that in Bulgarian this type of
structure can contain merely a temporary ambighidy is resolved by means of overt

morphological agreeméetif just as in the case of the NP/S coordination guoityi.

(13)
a. ambiguous RC attachment
Zastreliaha prisluzgata na aktrisata, koiato besSe na balkona
Shoot, pipast  S€rvantm.det of actressnder Who-fem  bgy.sgpast ON  balconye:

(They) shot the servant(fem) of the actress(fero)feim) was on the balcony.

b. disambiguated to N1 (high) RC attachment
Zastreliaha prisluznika na  aktrisata, kojto beSe rzalkona
Shoot, pipast  S€rVanbascder Of  actresgmger  Who-masc  bg.sgpast ON  balconye:
(They) shot the servant(masc) of the actress(fdmjmasc) was on the balcony.

c. disambiguated to N2 (low) RC attachment

Zastreliaha prisluznika na aktrisata, koiato beSe a rbalkona
Shoot, pipast  S€rvanbasc-det of actressm.qet  Who-fem DGysgpast ON  balconye:

(They) shot the servant(masc) of the actress(fdmjfem) was on the balcony.
d. unambiguous RC attachment

Zastreliaha aktrisata, koiato bese na balkona
Shoot, pipast  ACrESEm-get who-fem  Dg.sgpast ON  balconye:

(They) shot the actress(fem) who(fem) was orbdlmny.

Although an alternative relativizer does eXistelative clauses in Bulgarian are typically

introduced by a relative pronoun that is morphatatly marked for gender (masculine, feminine

“Morphological disambiguation is also possible irm&ph through verb agreement and may be
achieved in English through agreement with reflegiut in Bulgarian it involves the relative
pronoun as well (which is an obligatory elemenaoy relative clause).

22 RCs can be introduced by ‘Sto’ and ‘deto’ whichra change in form, but both are rarely
used at present, unlike in Croatian where the nfleated form is frequently used (Lo¥ri

2003).



63

or neuter) and/or numbfras are all pronominal elements in Bulgarian. Somest the relative
pronoun is preceded by a ‘pied-piped’ prepositwhich is part of the relative clause. The
relative pronoun in Bulgarian obligatorily agreaggender/number with the head of the RC.
Therefore, when the two nouns that can be modifyethe RC differ in gender as in (13b) and
(13c), the gender of the relative pronoun indic#itesintended RC attachment. In (13b) the
relative pronoun is masculine ‘kojto’, therefore tRC has to refer to the first noun ‘prisluznika’
(servanj which is masculine. In contrast, the relativerfmnon in (13c) is feminine ‘koiato’,
therefore the RC has to modify the second nouni&te’ (actress) which is also feminine. The
relative pronoun in the unambiguous sentence (3the feminine ‘koiato’ because it has to
agree in gender with the only possible head folRGeto modify, ‘aktrisata’dctres3. In the
globally ambiguous sentence in (13a) the relatrempun does not disambiguate, because the
two nouns which the RC can modify are of the sasrelgr. Number agreement can also
disambiguate RC attachment in Bulgarian. If onghefpossible host nouns in a ‘NP of NP’
complex is singular and the other plural, e.g.slznitsite na aktrisataservants of the actregs
the relative pronoun will disambiguate through agnent by number (or combined number and
gender). In general, Bulgarian verb forms oblightagree with the subject in person, number
and in some cases gentfaand consequently within a subject-extracted RGrétb agrees with
the relative pronoun, so it may provide additiotighmbiguation, but that was not used in the
current experiments.

The NP in Bulgarian has a different internal stuoetthan in English. The

definite/indefinite articles are bound morpheme #itach to (the right edge of) the noun or one

% Only the singular forms are differentiated for den the plural form is the same.
2 Some verb forms (e.g. participles) have a masctfenter third person singular paradigm.
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of its modifiers, e.g. ‘prisluziia’ (servant-fem), prisluztata (servant-fem-def). Bulgarian NPs
also differ in syntactic/semantic properties frdrait counterparts in English, but that will not be
relevant in this researth

What is most relevant for present purposes istttealNP in Bulgarian is overtly marked
for gender, as well as number. All nouns belongrte of three grammatical genders: masculine,
feminine and neuter. For nouns denoting an animatiey, masculine/feminine grammatical
gender typically coincides with natural gender. &xample, the nouns ‘sin’ (son), ‘basta’
(father) and ‘brat’ (brother) are masculine andribans ‘dasteria’ (daughter), ‘maika’ (mother)
and ‘sestra’ (sister) are feminine. Unlike othergaages, Bulgarian neuter is not restricted to
inanimate entities, but the neuter animate nouobk as ‘kote’ (kitten) ‘dete’ (child) and ‘bebe’
(baby) seem to have a semantic nuance of ‘nobeefoy natural gender’ (i.e. natural gender is
not an essential characteristic of this entity)Jikenmasculine and feminine. Gender marking
may be used to form cognate words for animate nainese a natural gender distinction is
required by semantics, such as ‘lav’ (lion) — ‘ta@ (lioness) or ‘saprug’ (husband) — ‘sapruga’
(wife) or where the distinction follows from pragtiteconsiderations, for example for nouns
denoting professions, such as ‘lekar’ (doctor-mhiseuand ‘lekarka’ (doctor-feminine). In the
latter case, however, when cognate words Existe masculine (unmarked) form is typically the
more generic term. Thus, for example the sentam¢gdia) is felicitous, but the sentence in (14b)
IS not.

(14) a. Tia e lekar.
She is doctor-masc.

*For example, Bulgarian does not express the sames/amant distinction as in English. Also,
unlike English, the definite form is used to exgrgeneralizations.

% Not all nouns denoting professions have a femifon@ that will be recognized. For example,
there is no standard feminine form in use for @savt’ (astronaut) or ‘pozarnikar’ (firefighter),
although in principle a feminine cognate could kedm
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h *Toj e lekarka.
He is doctor-fem.

In general, Bulgarian exhibits overt morphologiagteement of subject and complement,
a violation of which renders the sentence ungrantaatHowever, a violation of morphological
agreement in gender may be permitted by the seosgmagmatics of the sentence as in (14a)
where ‘lekar’ is used generically, unlike in (14there ‘lekarka’ does not have the broader
semantic category connotations.

Because such cognates are used in the RC attachmagarials, that semantic difference
was taken into account and order of the masculgef@minine noun in the NP of NP in the
target items was counterbalanced (alternated)damaotential gender effects.

In addition, Bulgarian has obligatory and overtlgnked morphological agreement
within the NP. In particular, adjectives and promoahmodifiers’ have to agree in gender and
number with the head noun. For example, the phogsen detski lekar’ good pediatric doctgr
denotes a male and all its elements are markeshdsculine while the corresponding phrase
‘opitna detska lekarka’ denotes a female and aitlikments are marked for feminine. As the RC
in Bulgarian is typically introduced by a relatigeonoun, the modifier-head agreement
requirement applies to the RC as well. As was pdiut earlier, a sentence containing a ‘NP of
NP RC’ sequence will be globally ambiguous onlthi# two nouns have the same gender and
number features, as illustrated in (13a). Otherwisgill be disambiguated at the relative
pronoun, which has to agree in features with theaeaent of the relative clause. The RC in
Bulgarian may be disambiguated by gender as shoiBb-c) or by number agreement. In this

respect Bulgarian offers richer materials for ekpental study than English, which has less

" For example, demonstrative pronouns like ‘to#iig} also have a feminine, neuter and plural
form: ‘tazi’, ‘tova’, ‘tezi’.
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morphological disambiguation (only number, as iarffone shot the servants of the actress who
were on the balcony’), although gender can be tmepgragmatic disambiguation. For example,
Frazier and Clifton (1996) used reflexives to dibagunate RC attachment in English (as in “Fred
never met the daughter of the fireman who shot élfferself.”) and Henstra (1998) used both
pragmatic disambiguation by gender (as in “Lily gae father of the policewoman that had a
red moustache and a beard.’) and syntactic disaraban by number. Both studies found a
reading advantage for sentences disambiguatedddesarattachment. Teira and Igoa (2004)
used number agreement disambiguation of RC attachim&panish, and Augurzky (2006) used
gender disambiguation in German, as did Sekeri@@4Rin Russian. Only gender
disambiguation between masculine and feminine \gasd tor RC attachment materials in the
current research in order to simplify the desigamber disambiguation was used for the NP/S
coordination materials.

The preposition ‘na’, which is used to connecttiie nouns in the ‘NP of NP’
construction, e.g. ‘prisluzéatana aktrisata’, is the most common way to form gemitiv
constructions in present-day Bulgarian. Althougireposition-less ‘N-Gen NP’ construction
exists, its use is quite infrequent in compariseith the first (genitive) noun mostly restricted to
proper names and a small number of common nouhsisbially denote close family status or
special social stattse.g. ‘brat’ (brother) — ‘bratov’ (brother’s ), ‘ba’ (father) — ‘basin’

(father’s). These remnant genitive forms are sona\&lchaic or are lexicalized and behave in
most respects like adjectives with a meaning obihging to’, e.g. obligatory agreement with

the nominal head: ‘bratov sin’ (brother’s son) bsatova daseria’ (brother’s daughter).

# |s preserved in Bulgarian proper names wheredmitton every child takes as a middle name
his or her father’'s name with the genitive suffov/a and it is also common in family names
derived from a name (Ivanov, i.e. of Ivan) or dingl(Popov, i.e. of the priest).
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The alternative (typical) construction does nobiwre case marking, which in Bulgarian
is almost obsolef8 unlike in other Slavic languages like Russian @noktian. It also has the
reverse word order, as illustrated in (15) belowisTs different from Croatian where the
preposition does not affect the case marking odveoder of the construction asdnilar to
English where the word order is also reversed. Aldke Croatian, the preposition is obligatory

in the NP of NP construction in Bulgarian.

(15)
N-Gen NP NP of NP
a. Ivanovata kasSta se viZzdaSe otdae KaStata na Ivese vizdaSe otdale
Ivan-Gen-def house refl see from-far away ustedef of lvan refl see from-far away
Ivan’s house could be seen franafvay.
b. Napusna baSinata si kasta. Napusna kastdiadta si.

Left-past father-Gen-def refl house. Housédf Ivan refl see from-far away
(He) left his father’s house.

In case it should prove to be relevant, it shodabted here that forming the genitive is only
one function for this preposition ‘na’. It can alse used, among other things, to express locative
relations (16a), or direction (16b), to introduceiadirect object (16c¢) or to form idiomatic
expressions (16d). (In other Slavic languages ssdRussian these functions are expressed by
case marking, so Bulgarian ‘na’ might be categarias a multi-purpose case marker rather than
a preposition.)
(16)
a. Knigata e na masata.
The book is on the table.
b. Slozih knigata na masata.
() put the book on the table.

c. Dadoh knigata na lvan.
(I) gave the book to Ivan.

**However, overt case marking in Bulgarian is preseémn most pronouns.
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d. Dadoh pari na viatara.
gave money to wind
Finally, note that in Bulgarian sentences contgrimat structure are not very common to
begin with and when they do occur in normal circtanses their meaning may be
disambiguated by morphology and/or prosody. A mbhsearch of the Bulgarian “Brown”
corpug® showed that in it only about 8.6% of relative slasi following a NP occur after a NP
prep NP combination (any preposition, not just’)aind very few of these are ambiguous. They

are typically disambiguated by morphological agreetnsemantics or pragmatic plausibility

2.3.4. Typical prosody of ‘NP of NP RC’ structuiasBulgarian

Beside morphological agreement, as just discussethrphologically ambiguous
sentence such as (13a) may be disambiguated lycdgon of a prosodic boundary. In a
sentence where RC attachment to the whole compiReghigh attachment) is intended, such as
(13b), a prosodic boundary will normally be insdrédter the second noun, grouping the ‘NP of
NP’ complex together in one prosodic phrase. Aléwely, to signal low attachment, as in
(13c), a prosodic boundary will typically be ing&ttafter the first noun, which results in the
second noun being enclosed in one prosodic phrakdahe RC. The two distinct prosodic
contours can thus be used to disambiguate thecigaify/semantically ambiguous sentence in
(13a) toward high attachment (by placing a prosbdeak after N2) or toward low attachment
(by placing a prosodic break after N1). The sarpe tyf prosodic disambiguation was used in

the current research where morphological disambiguavas removed from the stimuli with

*The Bulgarian “Brown” Corpus (Brown university, Ridence, Rhode Island, USA) consists of
500 text samples from fiction and informative prabe majority dated after 2000 and has a total
1,001,286 words
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noise substitution and location of the prosodi@kre@as the only cue to the intended structure in
the stimuli.

It should be noted, however, that if we considerlttation of the prosodic break in
(13a) in relation to the RC itself, the two prosodontours are not equally common. In
Bulgarian a boundary will generally be producesianmal speech between the noun and the RC
which modifies it in the far more frequent casegewkhere is only one noun and RC attachment
is unambiguous, as in (13d). The presence of &@@rosodic boundary is not limited by the
position in which the RC-modified noun occurs ie 8entence, e.g., as object (17a) or as subject
(17b), though it may be somewhat weaker in (17lcpbse there is another break following the
RC, before the main clause VP.

17)

a. Momceto vidia aktrisata, koiato beSe na balkona.
boy-det  saw-3p actress-det who was abcony-det.

The boy saw the actress who was on the balcony.

b. Aktrisata, koiato beSe na balkona vidia nmieto.
actress-det who was on balcony-det salwe3pdet
The actress who was on the balcony saw the boy.

A similar phrasing applies in adverbial clausesicivtare typically preceded by a
prosodic break and may also be followed by a priedoeak depending on their position in the
utterance. This ‘default phrasing’ of RC and adisrblauses in Bulgarian is even reflected in
punctuation. There is an obligatory comma in wgtbefore an RC in Bulgarian, as well as an
obligatory comma before adverbial clai8em sentences with ‘NP of NP RC’ constructionsthi
obligatory comma goes between the RC and the noorediately preceding it. There may thus

be a requirement for a prosodic break at the tifeeof adjunct clauses in Bulgarian similar to

¥However, it should be noted that a comma in writg1glso obligatory before complementizers
like ‘¢e’ (that) which introduce complement clauses notnaily preceded by a prosodic break.
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the break at the left edge of PP in Croatian (Lig\2003). However, it is also possible that the
typical (henceforth default) pre-RC break may beénatantiation of a syntax-prosody alignment
constraint in Bulgarian (Align X@)that applies in general at adjunct clause boueslaas was
discussed in section 2.3.2. which in this case icatithe right edge of the main clause. This
constraint is obeyed in both the high-attachme8b)&and the low-attachment (13c) structures.

The ‘default’ status of the pre-RC break may be tugn interaction with other
constraints, such as optimal length. An RC in Bu&gais normally quite long. The RC
minimally includes the relative pronoun (a two/éugyllable autonomous word, one stress) and
a single-word verb form (at least a syllable, agessed) which would satisfy a well-formedness
constraint on minimal length. What is more, suclR&hwill be quite rare in Bulgarian: the
majority of RCs are longer and more complex. Ini,faanual search of tHgulgarian “Brown”
corpus showed that less than 2% of relative clacgsesist of only a relative pronoun and a verb
form that is one prosodic word (including clitic¥he ‘default’ break before the RC for
Bulgarian described above may therefore be alste@lto length considerations. Note that there
is not similar default break requirement for PPBudgarian (unlike Croatian), but there may be
a pie-pied preposition at the start of the RC anradverbial which will then be preceded by the
prosodic break.

The default phrasing of RC should not be an issuwiexperiment with spoken stimuli
where the disambiguating prosodic break suppoetsiiended interpretation. In fact, Lori
(2003) found that a prosodic break after N1 dintiasthe chance of a pre-RC break in this
structure for Croatian. However, the obligatorygemce of a comma may have some bearing on
experimental designs involving the ‘NP of NP RChstruction in Bulgarian: if the comma is

treated as a prosodic break marker in an ambigsenience like (13a), it may induce (or
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strengthen) a high attachment preference. It &ctof to be considered in the silent reading

experiments presented in Chapter 6.

2.3.5. Previous experiments on RC-attachment geées in Bulgarian

In a study on RC-attachment in Bulgarian (Sekeeinal. 2003), Sekerina and colleagues
conducted a standard silent reading questionrasie(Experiment 1), that revealed an overall
preference for high attachment of the RC (59%) uhgBrian, as well as effects of RC length.
Both results were expected in view of similar fimgis for other Slavic languages, namely
Croatian (Lovr¢, 2003), Polish (Nowak, 2000), and Russian (Seke002).

The study also included two innovative experimel@signed to minimize the semantic/
pragmatic complexity of the comprehension task $ipgia visual display with geometrical
shapes (rather than references to servants, atressvboys, etc.), and which provided
immediate interpretive contexts. Each visual preg@mn involved a pair of identical geometric
shapes, which differed only in their features anponents (color, texture, contents). The
participants’ task was to answer a question (8Mhat color is the tip of the triangle that has an
umbrella inside it?) by identifying the necessarfprmation in the visual presentation. It was
implemented in two modalities: auditory (Experimg2ptaind written (Experiment 3).

In the auditory questionnaire in Experiment 2, phesentation of the visual display for
each item was synchronized with the auditory stislvhich consisted of a sequence of three
sentences, as illustrated in (18) below: two prdarsentences (18a-b) that described the visual
context while the visual display was being bddtlowed by a comprehension question (18c)

that was heard after the visual display for theiteas complete.
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(18) a.
Eto edin rozov triagalnik i edin Zalt triagalnik.
Here one pink tiangle and one yellow triangle
Here is a pink triangle and a yellow triangle.
b.
Varxovete im sa razino ocveteni.
tips-det of- them are differently colored

Their tips are different colors

Kakav cvjat e varxadt na triagalnika v kojto enarisuvan cadar?
What color is tip-det of triangle in which is drawn umbrella

What color is the tip of the triangle that has anhrella inside it?

Contrary to expectations, Sekerina et al. founohadttachment preference for the RC with these
materials. With ambiguous visual contexts (i.e.(fiBc) both triangles have an umbrella inside,
one in the tip and one in the bottom part), patots preferred high RC attachment only 37% of
the time. With an unambiguous visual context, respaaccuracy was generally high, but much
more so when the disambiguation was toward lowchtteent (98.4% correct) than when the

disambiguation was toward high attachment (63.58%ect).

In the written questionnaire task with visual @xt(Experiment 3), the same linguistic stimuli
were presented in written form. The preamble seas®mwere synchronized with the visual
presentation as they were with the auditory stirthult remained on the screen throughout the
slide presentation, so they were available lonigan their auditory counterparts), and the question
followed after the visual display was completeaimbiguous contexts, a low-attachment
preference for the RC in (22% high attachment owig$ found in Experiment 3, as in Experiment

2. With an unambiguous context, accuracy was dggimer on items disambiguated toward low
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attachment (87.3%) than on those disambiguatedrtblaigh attachment (74.6%), but the gap was

narrower than in Experiment 2, pointing to an iatgion of disambiguation type with modality.

The findings of these abstract shapes experinvesits surprising, because they were in
conflict with the high RC-attachment preference%®®btained with a traditional paper-and-
pencil questionnaire (Experiment 1). Finding anlamation for this discrepancy is important for
the present project, because if RC-attachment lgaBian is unstable it would not be wise to use
the RC-ambiguity as a test-ground for the new nuthagyy based on phoneme restoration. The
discussion below raises some possible explanathsat follows is necessarily speculation only.
Without further experimentation which continuestmtrast and compare these experimental
methods, it is impossible to be sure which fac)aa(e responsible for the radical shift to a low
RC-attachment preference observed by Sekerina ldbalever, there are many plausible

candidates to consider.

Sekerina et al. propose to explain the shift towawdattachment in the presence of visual

stimuli on the basis of the greater computatiooahglexity of the abstract-shapes items. This is
possibly one contributing factor. The preamble seogs describing the visual display for the
experimental items depict various relations betwerobjects that have to be processed: the
two big objects are the same shape, but differelor ¢sentence 1) and have an element which is
the same shape (sentence 2). So the preambler®ntantion of two colors and one other
characteristic, usually denoting another objecaeh pattern etc.), and the question always asks
about the color (usually different from the firgt) of an object in the display. In addition, the
semantic relation between N1 and N2 in the abstiaapes items is typically part/whole, which

is not the case in the items for Experiment 1 &mahs$ in standard RC-attachment questionnaires

in general. This fact may introduce a potentiasli@vard low attachment, because if N2
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contains N1, then N2 always names a larger or mp@winent, shape. It may also prompt more
answers based on N2, since an answer based onldi2scpragmatically correct for the

example in (18) above where the umbrella is alwayke triangle, whether in its tip or its lower
part. Conceivably, using items with a part/wholatien between N1 and N2 task that do not
refer to abstract shapes (e.g. ‘He found the lapetoll, which was broken.’) may produce a
similar bias in a standard silent reading questnen although in the abstract shapes experiment

the bias may be strengthened because there waa silswlar semantic relation in the fillers.

Another possibly relevant difference betweendkgerimental situations was that the
relative clause in Experiment 1 was part of theslus sentence but in the abstract shapes
experiments (Experiments 2 and 3) it was part efcbmprehension question. This makes the
participants’ responses in the abstract shapesnas& immediate. In fact, Sekerina et al.
interpret the preference as possibly indicating thia task taps the early phase of processing
where only Late Closure is at play. However, it maégo contribute to the semantic bias because
the question ‘What color is/are ...?’ (on targets &ltetrs) always asked about the color of a
shape from the second display (e.g. the tip) tmleetified in the fillers and disambiguated low
items through a description of one of the shapgglalyed first (e.g. one of the triangles), which
may create an additional bias to answer referong2 (always the shape displayed first) on the
ambiguous items. In addition, many of the RCs andhstract shapes experiments contained
passives, which may also have contributed to thlelmg shift to low-attachment preference.
These possible confounds, whether or not they lireaiely found to be relevant, underline the

need for experimental items to be screened fompialeiases.

Although prosody was not the focus in the twati@ts shapes experiments, it is possible

that prosodic phrasing also played some part imti@ertainly, the fact that the RC appeared in
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a statement in Experiment 1 but was part of a quesgt Experiments 2 and 3 could manifest in
different prosodic phrasing. No detailed descripi®available of the prosodic phrasing
employed for the spoken question in Experimenk2ept that the report mentions “a long pause
(400 ms, on average) preceding RC” which (as thieoas observed) would be expected to
induce high attachment interpretations, based efiidings on Croatian by Lowi(2003).
However, since the RC is contained in a questius,dre-RC pause may be modified by other
prosodic properties in the question such as acakfdous marking or an earlier break. One can
only speculate about what other properties migheheant. Focus accent on one noun has been
found to attract RC attachment in English (Schateal, 1996), so a similar effect in other
languages is possible. Similarly, earlier prosdmteaks have been shown in English to devalue
later ones as cues for ambiguity resolution irudythat included RC attachment (Carlson et al.,
2001) so it could be expected in other languagefadt, native-speaker intuition (my own, and
of other speakers | have asked informally) suggésisin Bulgarian in order to mark the focus
of a question such as (18c) there will be a pitteat on one of the nouns to distinguish it. If
that focal accent is on N1 (which is more probanhee they were asking about the color of the
shape designated by N1 in all questions) it magpisge N1 tonally from the rest of the question,
so that N2 and RC are grouped together despitpatse. Another possibility is that there may
be break after ‘cvjat’ (color), which although droes before the critical region for RC
attachment may also interact with the pre-RC panskintonational focus marking. In the silent
reading questionnaire with abstract shapes thesen@@peech prosody, but the question was
presented visually on two lines, centered: firdtatvcolor is’, and then ‘NP of NP RC".
Segmentation after a copula verb, not promptedngyléngth considerations, is unusual, and

may itself have disrupted parsing in some fashion.
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In short: some un-monitored aspects of stimulssgtheor presentation may conceivably have
contributed to the very surprising results repotig@ekerina et al. from the abstract shapesiask
The abstract shapes experiments are innovativepergnental technique, addressing the problem
with standard materials that there is a high dgmditnformation to be retrieved and remembered
in the case of standard (‘servant of the actressijence materials; but the results stand out as
exceptional, albeit not fully explained as yettlse data from the more conventional questionnaire
in Experiment 1 may be regarded as a more relgtide to what can be expected from the
current experiments. The prosodic characteristitseostimuli will be carefully controlled, and a

sharp contrast in RC interpretation is expectededding on the nature of the prosodic phrasing.

2.3.6. Why test these constructions in this lang@ag

To reiterate, the two constructions discussedigidhapter: the NP/S coordination
ambiguity illustrated in (1) and the relative clawgtachment ambiguity illustrated in (2) were
the focus of investigation of this research whasewas to test the validity of a new method for
eliciting ambiguity resolution preferences basedr@phoneme restoration illusion, whose
merit is a distraction of participants’ attentioot from the syntactic/semantic ambiguity of the
stimulus sentence and from the relevance of progsody disambiguation.

The two Bulgarian constructions selected for thigppse are good candidates to use with

a new method. Because of Bulgarian’s rich morphgltigese constructions can be temporarily

ambiguous or globally ambiguous, that is obligatavgrt morphological agreement which can

% Grillo and Costa (2012) explicitly propose an altdive explanation of the differential results
between Experiment 1 and Experiments 2 and 3 oérifeket al. They claim that all high RC-
attachment is illusory; it appedis be observed only for languages where relalaeses are
string-ambiguousvith perceptual complement constructions (‘I she $ervant of the actress
stand on the balcony’) in which by linguistic nesigsthe predicate can modify only the first
noun (‘servant’). The important general issue wit be discussed in this dissertation, but the
issue of perception verbs in the stimuli was cogrgd.
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disambiguate the intended structure, but it issndisambiguator when the two potential heads /
attachment sites share the same morphologicalrésattlihis fact was used in the phoneme
restoration experiments by obliterating the disayjuating morphology and thus turning
temporary ambiguities into global ones. What comasehese constructions (NP/S coordination
and RC attachment) as a good choice for explohagdale of prosodic phrasing in syntactic
parsing is that morphological disambiguation isilabde but can be neutralized, and that when it
is neutralized, the two constructions are cleardaohbiguated by the location of a major
prosodic break.

As this was a methodological exploration, the thet the disambiguating prosodic break
is an IPh boundary was a desirable characteritboth constructions, because it would be a
prominent prosodic cue to the intended structureeeQhe methodology is validated, effects of
more subtle prosodic cues or other factors campiatly be investigated.

In addition, research on coordination and RC attesrit ambiguities has been conducted
in other languages with several different well-¢estraditional experimental methods. While
attachment preferences may of course differ ademggiages, universal trends are expected and
departures call for explanation. It was therefdreadue for the current research that ambiguity
resolution preferences have been established er thguages, against which the outcomes of
the newly proposed technique can be compared.

Moreover, both RC attachment and coordination ambés have been shown to be
responsive to prosodic disambiguation in other laggs (see references above), which makes it
valuable to establish whether these same structarditivities are detectable employing the new
prosodic methodology. This is especially so indase of coordination (compared with RC-

attachment) for which cross-language difference® mot been reported.
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There is also a potentially interesting differebeéween the two constructions of interest,
which could be used in evaluating the novel redearethod. Previous studies on several
languages discussed in Section 2.2.2 have foundrthize RC attachment ambiguity, the two
prosodic phrasings elicit a different pattern afpenses and some have reported that a break
after N1 has a greater effect on preferred attachthan a break after N2 (Lori2003;
Ferndndez, 2007). There are no reports in thetiteg, to the best of my knowledge, of such an
asymmetry between the two possible contours fordination ambiguities, although the issue
may simply not have been explored. If there is @we difference with respect to symmetry of
prosodic influences between NP/S coordination aBchRachment, including the two
constructions in a single study could provide dulsaeasure of the sensitivity of the new
method. As noted, the relevant prosodic breakkerntwo types of sentence are comparable both
in size and in location distance. Thus, if a deéfece is confirmed by the new data, this will
increase our understanding of how seemingly idehfiosodic cues interact with other

information (e.g. different types of syntactic sture) in ambiguity resolution.

2.4. Predictions of outcomes for Bulgarian

Given the evidence from other language that prasphkiiasing can effectively
disambiguate coordination structures (e.g. Lehis3&3 and Clifton et al. 2006 for English) and
RC attachment (e.g. Lo¥i2003 for Croatian; Fernandez, 2007 for Englistg #ne fact that for
both structures in Bulgarian a prominent prosodie that differentiates the two interpretations is
available in the form of a distinct IPh prosodiaibdary location, prosodic effects should be
revealed in the phoneme restoration experimenBubgarian in the form of listeners restoring
the noise-replaced phonemes in the stimulus to Emphe word disambiguating the sentence

toward the interpretation congruent with the pras@dntour of the stimulus.
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In addition, given the findings of asymmetric etieof prosodic break location on RC
attachment preferences, the same effect couldnbatiteely expected in Bulgarian, while no
similar prediction could be made for NP/S coordoat The two constructions are compared in

parallel, so inherent differences between them vafipect to prosodic effects may emerge.
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Appendix to Chapter 2: Cross-language differencesiiRC-attachment biases in reading.

The RC attachment puzzle uncovered by Cuetos atch®i (1998) who reported cross-
linguistic variation of RC attachment preferendes tould not be accounted for in terms of
universal parsing strategy, made this ambiguityftices of psycholinguistic research in a
number of languages, aimed at establishing attachpreferences and identifying different
factors that may affect them. Different theoriegénbeen proposed to account for the cross-
linguistic variation in RC attachment interpretatiand the apparent violation of Late Closure.

Findings of cross-linguistic variability with resgdo this particular ambiguity persisted,
grouping languages into high-attaching (e.g. Afatks, Croatian, Dutch, French, Polish, Russian,
Spanish) and low-attaching (Egyptian Arabic, ErglRomanian, Swedish), seemingly
regardless of other characteristics. (See I[A003 for a detailed list of RC attachment studies
in different languages.) A number of studies ataantl within-language variation in attachment
preferences, and in particular one that persistssadanguages: short RCs exhibit a stronger
tendency toward low attachment than long RCs. é®eeng others Fernandez (2003) for
Spanish and English; Hemforth et al. (1999) forr@am, (LovrE, 2003) for Croatian; Maia et al.
(2004) for Brazilian Portugese; Pynte & ColonnaQ@p0for French, Sekerina (1997) for
Russian). In addition, variation between particigan the same experiment is possible (e.g. Jun,
2003). For example some speakers of English hame toeind to be consistent high-attachers
(Corley 1995) and factors specific to the individ{saich as reading ability and memory span)
have been shown to affect attachment preferenceadk-Mestre 1997, Mendelsohn &

Pearlmutter 1999).
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TheTuning Hypothesis(Cuetos & Mitchell, 1988; Mitchell and Cuetos 19@&sumes
learning of attachment preferences through expo§iogpus analyses of English and Spanish
(e.g. Cuetos et al., 1996) showed that low RC lattent was more frequent in English while
high RC attachment was more frequent in Spanishfrequency patterns match preference
patterns for the two languages. This correspondemsetaken as empirical evidence that the
statistical frequency of a given structure in ttweguage determines ambiguity resolution
preferences. The within language differences aptaged by individual exposure to a structure.
However, a study on Dutch (Mitchell & Brysbaert989 showed that a general frequency of
high RC attachment structure in corpus does naaydveorrespond to a high RC attachment
preference in parsing, providing counter evidernrcat deast proving that coarse-grained
frequency is not sufficient underlier of parsingferences in a language. The Tuning Hypothesis
also cannot explain the differences in online affithe data in the same language.

TheTwo-Factor Model (Gibson et al. 1996) derives attachment preferé&oe the
interaction of two principles: Recency (‘attachonang lexical items to structures built more
recently’) and Predicate Proximity (‘attach as stuwally close as possible to the head of the
predicate phrase’). Recency favors attachment toAkile Predicate Proximity predicts N1
attachment. The latter has a language-specifiaypetex that is set on the basis of word order
patterns. This model correctly predicts the opppgireferences for English which has a strict
word order and low attachment is preferred baselemency vs. languages like German and
French where a strong Predicate Proximity compesdat not so strict word order and high
attachment is preferred. However, the model caaoobdunt for empirical findings on RC

attachment in some languages like Brazilian Pogaguwhere a high attachment preference was
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found (Maia and Maia, 2001) despite of word ordaing strict or the RC length effects found in
many languages, since this approach does not ar=idstituent length.

TheConstrual theory (Frazier and Clifton 1996) is an extension of tlassic Garden
Path model, but it postulates a distinction betwa@mary relations (between subject and main
predicate with its arguments) and non-primary rete, with only the former being subject to
Minimal attachment and Late Closure, while théekaare interpreted through a variety of non-
structural mechanisms in different languages thategtheir association into the thematic
processing domain. The RC attachment prefereneesxatained by the application of Gricean
principles like Clarity to RC interpretation, scaifanguage has an alternative unambiguous
construction, it would be used. For example Endhiab the so called Saxon genitive (‘actress’s
servant’) with which the RC can only be used formddification, therefore N2 modification by
RC is preferred with the NP of NP genitive (‘servahthe actress’), but in Spanish the
alternative does not exist, so high RC attachneepteferred because N1 is referential. Construal
accounts for cross-linguistic differences in RGeltiment without recourse to language specific
parsing strategies. However, this Gricean accotiRtattachment ambiguity resolution still
does not account for the fact that languages withotalternative form may still exhibit a
preference for low attachment, nor for the RC largftects on RC attachment or the fact that
cross-linguistic differences are minimized when IB@yth is controlled.

The Attachment-Binding Dualismaccount (Hemforth et al., 1999) (Hemforth et al.,
1999, 2000a, 2000b; Konieczny & Hemforth, 2000)laxs cross-linguistic differences in terms
of anaphoric processing vs. structural attachnieatgues that because relative clauses can be
introduced by relative pronouns (in contrast tceotimodifiers like prepositional phrases) an

appropriate antecedent for the pronoun is neededder for the RC to be integrated and
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assumes that the most salient antecedent in tdrdisomurse structure is preferred. The cross-
linguistic variation in RC attachment interpretatis related to whether the relative pronoun is
obligatory in a language (e.g. German) or can betedn(e.g. English). Empirical data on
attachment preferences in German (Hemforth e2@00) showed that low attachment was
preferred for PPs which have no anaphoric requintwe high attachment for RCs introduced
by relative pronouns which do and that adverbialisks pattern with RCs. This account thus
explains the different RC attachment preferencdanguages like English and German and RC
length effects are accounted for in terms of angased informativeness of a long RC. However,
it does not explain differences in attachment peafees for the same language found across
experiments, because it does not predict a difterdetween initial and ultimate RC attachment.

Thelmplicit Prosody Hypothesis (IPH; Fodor 2002) relates RC attachment prefergnce
to the language-specific default prosody for tlusstruction and in more general terms predicts
prosodic effects in parsing even in silent reading.

It states that in silent reading “a default prosambntour is projected onto the stimulus,
and it may influence syntactic ambiguity resoluti@ther things being equal, the parser favors
the syntactic analysis associated with the mostrabfdefault) prosodic contour for the
construction.” (Fodor, 2002: 113)

The IPH is based on numerous findings that prospldiasing can facilitate interpretation in
listening studies (e.g. Price et al. 1991) as a®lprior findings on possible interference of
prosody in silent reading (e.g. Bader, 1986]}s major assumption is that a default prosodic
representation is always established when proagssintences even in silent reading and that

implicit prosody is identical to the default overosody for that construction. Empirical support

33 Bader (1996) established effects of default famusnterpretation on processing of
pronominal ambiguity in German and formulated aspdic constraint on reanalysis.



84

for the IPH with regard to RC attachment is prodithy among others Hirose (2003) who found
evidence for prosodic phrasing effects on reansiliyssilent reading of ambiguous RC
attachment in Japanese, L&@&f2003) who showed an effect of boundary placement
manipulation in silent reading on RC attachmergnmtetation in Croatian, Augurzky (2006)

who systematically investigated ERP effects ofatght factors on RC attachment in German
and established a timeline for prosodic effecteading, and Fernandez (2007) who showed that
different types of visual presentation could proenoit suppress RC length effects in silent
reading.

The appeal of a prosodic explanation is that itlzamdle both cross-linguistic and within-
language variation and possibly also account foividual variation between participants found
in experiments. The latter is accounted for in ohprosodic sensitivity differences between
individuals as well as dialectal differences. THe-Rngth effect is explained straightforwardly
with prosody: a long RC in any language is morelliko form a prosodic phrase on its own and
thus be attached independently of prior materiailera short RC is more likely to be phrased
with the preceding word, i.e. the second noun &) be attached within that phrase. The effect
of constituent length on the interpretation of sal/ether constructions in English led to
postulating by Fodor (1998) of the Same Sister tam (‘Find a sister of your own size.”) that
captures the need for balanced prosodic strucfuaa atterance. And the puzzle of cross-
linguistic variations in RC attachment preferenisegccounted for in general terms by the
operation of language-specific prosodic princiflest have an influence on the silent parse.
Analyzing overt prosody and comparing the prosedigstraints operating in different languages

may help demystify the otherwise seemingly randoouing of languages on the basis of
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relative clause attachment ambiguity resolutiomfbin standard silent reading questionnaire
studies.

In a related line of research, a number of stuidi¢ise last decade have explored at the
possible role of overt prosody in the RC attachnaemibiguity resolution, using auditory
materials and the RC attachment ambiguity has bleewn to be sensitive to prosodic
disambiguation, in a number of languages includingatian (Lovré, 2003), English
(Fernandez, 2007), German (Augurzky, 2006), Hel{fnaked, 2009), and Spanish (Teira &
Igoa, 2004). The next section gives more detailsifexperiments on prosodic effects in RC

attachment ambiguity resolution, presented chranocédly.
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CHAPTER 3

PHONEME RESTORATION AS POTENTIAL TOOL IN SENTENCE P ROCESSING
RESEARCH: VISUAL WORD CHOICE EXPERIMENTS

This chapter presents three related experimentshatiplement the phoneme restoration
illusion as an experimental technique for assed$iagole of prosody in ambiguity resolution,
using a forced-choice task (Visual Word Choicedagister which syntactic/semantic structure
listeners thought they had heard. The experimeats @esigned to test the general validity of
the method, as well as collect novel data on prigseffects and a possible interaction with
constituent length in ambiguity resolution in Buiga.

The method (Section 3.2) and the first experim8et{ion 3.3) discussed in this chapter
were first reported in a paper jointly written linetpresent author, Prof. Janet Dean Fodor and
Prof. Eva Fernandez and published in a speciat isflianguage and Cognitive Processes
(Stoyneshka, Fodor, Fernandez, 2010). The cursgr@rgnents were preceded by preliminary

versions that were presented at CUNY 28@hd FASL 200%.

3.1. Experimental stimuli
3.1.1. Morpho-syntactic characteristics of the seo¢ pairs used as target materials

The target materials used in these experimentaded 24 items for each of the
ambiguities described in the previous chapter: PAS\coordination ambiguity items and 24 RC-
attachment ambiguity items. An item is actually goised of a pair of sentences that are

temporarily ambiguous and differ in the morphol@adjicharacteristics of a single word, which

20" Annual CUNY Conference on Human Sentence Proagssi@SD, San Diego, CA
16" Annual Workshop on Formal Approaches to SlaviagLiistics, SUNY Stony Brook, NY
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disambiguates the sentence toward a particulaastatstructure. All sentence pairs for each
item type are built from a simple syntactic temg]atithough some minor optional elements and
variations were allowed in order to achieve stiisaturalness and make the object of the
experiments less conspicuous to participants. Spalty, NP/S coordination materials were
constructed using the syntactic template illusttane(1) below, with optional elements given in

parentheses and RC attachment materials were gotestrusing the template in (2)

(1) NP/S coordination: (AdverbidN\P) Verb NP1 &\NP2 & NP3 Copula PP

Two syntactic structures: (a) Object NP-camaton .... [NP1 & NP2] & NP3 .....
(b) Subject NP-coordination .... NP1 & [ NP2 & BIR....

(2) RC-attachment: Verb INPof NP2 RC
Two syntactic structures: (a) Low RC-atiaent ...[ NP1 of [NP2 RC]]
b) High RC-attachment ...[ [NP1 of NP2]RC ]

In the NP/S coordination items, two of the threstpaerbal noun phrases form a coordinate NP,
which fills one of two syntactic positions: direatject of the first clause verb (a), or subject of
the second clause copula verb (b). The two sensance pair are temporarily ambiguous,
disambiguated toward one of the interpretationtheyerb in the second clause. The detailed
syntactic structure of each was discussed in Ch@piae the target materials, the last noun
phrase (NP3) was always singular. Since Bulgarendbligatory subject-verb agreement, the
number of the copula verb in the second clause stiavhether its subject was just NP3
(singular verb) or the coordination of NP2 and Npi8ral verb).

The three NPs in a basic sentence pair were estiget proper names (12 items) or

common nouns (12 items), and were matched withth éam (sentence pair) for animacy and
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length in syllables. The subject NP in the firstude was usually omitted, as this is typical for
Bulgarian, which is a pro-drop language and hasitbmhological properties of the subject
encoded on the verb through subject-verb agreement.

In the RC attachment items, the relative clauseifiesceither the complex NP or only
the second noun of the complex NP in object pasifidne two sentences in a pair are
temporarily ambiguous, each disambiguated towaedadrthe interpretations by the relative
pronoun in RC: low attachment (a) or high attachinflen The detailed syntactic structure of
each was discussed in Chapter 2.

The head nouns of the two NPs in each RC-attachsesténce pair differed in gender:
one was masculine and one feminine. The order wasterbalanced between items with 12
items having masculine N1 and 12 having feminine Sltice the relative pronoun in Bulgarian
obligatorily agrees with the noun that the RC miegifits gender morphologically
disambiguated the attachment of the RC. The twasiauthe NP of NP complex were high
frequency common nouns, all were animate and weaitehmd within a sentence for length in
syllables. The RC always consisted of a relatiwpun and a VP, the latter having a transitive
verb and a direct object; VP length was always masodic words (six syllables) which is
relatively short for an RC in Bulgarian but fullg@eptable.

The above templates were used to create pairsitdrszes, such that the sentences within
a pair were morphologically disambiguated towargasite readings of the ambiguity, as
illustrated in the examples in (3) and (4) beldwrhe disambiguating word is in bold in the

examples. The || symbol marks the location of tiesqalic break that is aligned with the

*Note that is the coordinating conjunction ‘and’ in Bulgarjandna s the preposition ‘of’
(discussed in Chapter 2).
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syntactic structure assigned by the morphologisardbiguation in each case. The prosodic
properties of the stimuli are discussed in sec3idn3.

(3) NP/S coordination: proper names

a.
Nakraia  sreStnahme Ani || i Ivan [ Mimbiaha vav vaztorg.
[ Vv N1] conj [N2 conj N3 \ PP]
In the end meet-past-1p.pl  Ani and Ivan and Mimi erev in ecstasy
‘In the end, we met Ani and Ivan and Mivereecstatic.’
b.
Nakraia  sreSthahme Ani i lvan || i Mimi  beSe vav vaztorg.
[ \% N1 conj N2] conj [N3 \% PP]
In the end meet-past-1p.pl Ani  and Ivan and Mimi asw in ecstasy

‘In the end, we met Ani and Ivan and Mivasin ecstatic.’

NP/S coordination: common nouns

a.
Biah govoril s kolegata || i talnika | direktora biaha v tetenie
[ V N1] conj [N2 conj N3 Vv PP]
had talk-past with  colleague and supervisor andmanager were in current

‘I had talked to the colleague and theesuisor and the manageere aware of that’

b.
Biah govoril s kolegata I dalnika i direktora beSe v tecenie.
[ \% N1 conj N2] conj [N3 \% PP]
had talk-past with  colleague and supervisor andmanager was in current

‘| had talked to the colleague and thgesuisor and the manageas aware of that’

(4) RC attachment

a.

Podtseniha advokata || na pevitsataoiato kupi imenieto.
[V N1 ] [ N2 [RC 11
underestimate-past  lawyer-m of singer-f who-f bagtp estate-det

‘(They) underestimated the lawyer of the singéio,gn: bought the estate.’

b.

Podtseniha Advokata napevitsata || kojto  kupi imenieto.
[V [ [N1 N2 ] [RC 111
underestimate-past  lawyer-m of singer-f who-m  bagtp estate-det

‘(They) underestimated the lawyer of the sing@ .42 bought the estate.’
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In addition, longer versions of the same senteiades pvere created by extending the relevant
NPs (the three conjuncts for NP/S coordination geamd the two nouns in the NP of NP
complex for RC attachment items). This was dorfeeeiby using a longer name including last
name (for proper nouns) or by adding an adjectivappositive (for common nouns). The short
and long alternatives of the nouns in the examiglesach structure are given below with their

equivalents in English.

Table 3-1: Examples of short / long contrast.

Type: short Long

NP/S Ani Ani Antoaneta Markova Antoaneta Markova
coordination: lvan Ivan lvaylo Stavrev Ivaylo Stavrev
proper names (5) Mimi Mimi Mariela Peeva Mariela Peeva
NP/S kolegata the colleague novia kolega the new colleague

coordination:
common nouns

(5)

RC-attachment:

naalnika the supervisor prekia ni n&alnik our direct supervisor
direktora the manager zamestnik-direktora the assistant manager

the small-framed

COMMON NOUNS advokata the lawyer drebnichkia advokat lawyer
(6) pevitsata the singer naSumialata pevitsa the newly-famous
singer

These length contrasts are discussed in more detselction 3.4.3. The long versions were
constructed, assessed for plausibility and recosttedltaneously with the short versions. Each

of the 24 target items for each construction thag 4 versions: a short vs. long sentence pair and
within each pair a morphological disambiguationtcast (plural vs. singular verb for NP/S
coordination items; masculine vs. feminine relagvenoun for RC attachment items) that is

supported in normal speech by the prosodic breztilan (after the first or after the second NP).
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The same target materials were used to createithelisfor all three experiments reported in

this chapter.

3.1.2. Plausibility assessment

All target materials were assessed for plausibiditffour judges (per list) who were native
speakers of Bulgarian and were not aware of thpqagr of the experiment. They were asked to
read a list of possible items and rate each itera scale. Examples of the two target

constructions are provided in English in (5) below.

(5) Plausibility assessment questionnaire examples
NP/S coordination ambiguity example:
A chance encounter.
a. We met Ani and Mimi. lvan was ecstatic.
b. We met Ani. lvan and Mimi were ecstatic.
a b
3 2 1 0 12 3
RC-attachment ambiguity example:
They televised the granddaughter of the poet.
a. The granddaughter got an award.
b. The poet got an award.
a b
3 2 1 0 12 3
The lists presented each item as a set of threersass. The first sentence in each set

established a context and was followed by a paaitefnative ‘continuation’ sentences. The
continuation sentences were rated on the seven-pcafe, as illustrated in the examples. The
mid-point of the scale was marked by 0 (no plalisjthias), i.e. both continuation sentences in
a pair were equally plausible. The numbers oneftentarked degree of perceived plausibility
bias for continuation sentence (a) in a given gad the numbers on the right for continuation
sentence (b) in a pair. The end points of the qoadeked 3) signified that one sentence in a pair

was the only plausible continuation for that cohtantence.
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The judges were asked to rate the two sentenaepair on grounds of plausibility in the
given context, i.e. ‘how likely’ each sentence ipar was, given the context sentence. In the
instructions they were given two examples whereadfrtbe suggested continuation sentences
was extremely improbable and were told that theadifferences, if any, would be much
smaller.

Sentence pairs were used as target items in trexiexgnts reported here only if the two
interpretations were judged to be equally plaugibbale point 0) by at least three of the four
judges. For those items, on a scale from -3 (makiiabias) to +3 (maximal N2 bias), with 0
midpoint (equal bias for both interpretations), thean rating for NP/S coordination targets was
+0.05, and for RC attachment targets -0.06. Analydevariance showed that the judges did not
significantly differ from each other in their ragig F < 1) and that ratings for the two item types
(NP/S coordination and RC attachment) did not defgnificantly from each other or from O

(F(1,46) = 2.73p > .10).

3.1.3. Filler ltems

The complete set of stimuli for the experimentsoregd in this chapter included 36 filler
sentences of several types. Some of these sentwercesambiguous and some unambiguous.
More specifically, twelve of the fillers containad accusative/possessive reflexive ambiguity
that was different from the two target ambiguities was also disambiguated by a single word
in the string and also allowed for prosodic disagnbtion, as illustrated in (6) below.

(6) a. Obtase dase hvali.|| Detsata i te go znaeha.
Like-sg-past torefl praise. Childresahey it know-pl-past
He liked to brag (about himself). The childrenrevenew it.

b. ObtaSe da si hvali detsata||l te go znaeha.
Like-sg-past to own praise children And thiay know-pl-past
He liked to praise his children. And they knew it.
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The disambiguating words in items like (6), whichrerused as word choices (the dependent
measure in the visual word choice experiments) weeandsi (underlined and in bold in the
example).These are both short clitics that form one prosedicd with an adjacent lexical item
like the verb ‘hvali’ (praise) in (6), but the twave different syntactic roles and meaning and
each disambiguates the utterance to a differenteseg of two sentences or clausegerms of
phrasing that means the particle and the lexiadd f@am a prosodic phrase (6a) or the particle,
the lexical verb and the following noun are groupedne phrase (6b). The syntactic
characteristics of these items will be discussadane detail in Chapter 7.

The other 24 fillers were fully unambiguous; trgtthe segment that would be replaced
by white noise could be restored in only one wagrtate a word that would yield a grammatical
and meaningful sentence. Of these, 6 containedbtine verb forms (three eachluéSe/biahn
used in the NP/S coordination target items, andriasned one of the relative pronouns (three
each ofkojto/koiatg used in the RC attachment target items; but th bases, unlike the target
items, the other word from the pair made the sest@emgrammatical, as illustrated in (7).

(7) a. unambiguous coordination

Kakto obiknoveno po tova vreme Nina bliznatsite biaha na plaza.
As usual at this time Nina and twin-pl were at  beach-det

‘As usual at this time Nina and the twiwere /*wasat the beach.’
b. unambiguous RC attachment

Otnovo obsazdaha  sekretarkategjato  se obliaSe  tvarde predizvikatelno za ofisa.
Again  discus3ppl secretarfem whofem refl dresspast too provocatively for office

‘They were taking once again about the secretany dvlkssed too provocatively for the office.’

The remaining 12 filler sentences, illustrated8hlfelow, contained an adverbial clause
beginning with eithekadeto(‘where’) orkakto(‘as, in such manner’) and these

complementizers were subsequently partially repldgenoise (averaged for durational
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differences across all fillers of this type) aneédiss word choices. These fillers were also
unambiguous, i.e. the noise-replaced segment anljdbe restored in one way to form a
complete word that would make a grammatical semteimcthe examples below, ortgdetois
acceptable in (8akaktomakes the sentence semantically anomalous amdubese is true of
(8b). Half of the fillers of this type containedkadeto-clausand half &akto-clauseas the
correct response.

(8) a. Adverbial clause of place (where)

Ogleda S pognusa mjastoto,kadeto se nalagase da prespjat.
Look-past-sg with disgust place-det where refl npast to sleep-perf-pl

(S/he) looked with disgust at the pladeere / ?as (they) had to spend the night.

b. Adverbial clause of manner (as)

Liubimiat mu otbor  sp&eli maa, kakto Se beSe nadiaval.
Favorite-det  his  team win-past game as refl was efpgst part

His favorite team won the garmas/?where he had been hoping (it would).

In all, 36 filler items were included in the expeants to draw attention away from the
target stimuli. The items of each target constarctype also served as fillers for the other type.
The unambiguous fillers were also intended to gteaccuracy data for screening out

inattentive participants.

3.1.4. Preparation of the audio stimuli: prosodmperties

As discussed in the previous chapter, for both Nfe8dination and RC attachment,
prosodic disambiguation can be achieved by plagipgpsodic boundary immediately following
N1 (henceforth, aN1] break) or immediately following N2 (henceforth, &2] break). For
NP/S coordination N1 and N2 are the first and sdawminal conjuncts; for RC attachment N1

and N2 are the two nouns in the NP of NP complex.
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The 24 target items for each construction wererdEmbby the experimenter, a native
speaker of Bulgarian. Each sentence (an experiméstaconsisted of four sentences in two
sentence pairs) was recorded with a contour aptego its morphological disambiguation, i.e.
an IPh prosodic break at one of the two locatioasked with || in the examples (3) and (4). The
speech was normally paced (approximately 150 wpedsninute) and its prosody was clear, but
not exaggerated. The audio stimuli were digitizeith\a sampling frequency of 44100 Hz (with
a resolution of 16 bits, monaural).

Separately recorded sentence versions producdtelsatne speaker were employed, rather
than creating the different versions by splicingr@nipulating the prosody digitally. This was
done deliberately to ensure that the prosodic ecoatof interest were as natural as possible and
to avoid introducing acoustic artifacts into thienstli—a problem encountered by Samuel
(1981). The aim in the current experiments wasstal#ish the contribution of global sentence
prosody to structural decisions, therefore it wasrded important to use completely natural
sounding stimuli (including the noise, discussethmnext section, which does occur in natural
situations such as over the phone or on the radio).

Sentence-internal prosodic breaks in Bulgariarsayealed by a rise in pitch and pre-
boundary lengthening optionally followed by a pa(idéesheva & Nikov, 1998). Sample pitch
tracks provided in Figure 3-1 below illustrate tkalization of the boundaries in the two
locations for item examples given in (3) and (49\ah Only the short sentence pairs are given

here, but the prosodic boundary realization inlting versions was the same.
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RC attachment: N1] break (4a)

Podtseniha

advokata

na pevitsatékoiato

kupi imenieto.
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RC attachment: N2] break (4b)
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Figure 3-1 Sample pitch tracks with location of prosodic bdaries in stimuli (short sentence

pairs)
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To check for consistency, measurements of duranahpitch were taken at the regions
where signals of an upcoming prosodic boundary dbel acoustically realized in the stimuli in
the N1] prosody and in the N2] prosody conditiofise mean durations and pitch movements

for N1 and prep-N2 in the target stimuli are showiiable 3-2 below.

Table 3-2.Mean durations for N1 and N2 (and following pauses) pitch movements for N1 and N2 in the
acoustic stimuli employed in Experiments 1, 2, and

Duration (ms) Pitch Movements
(AHz)
N1 Pause N2 Pause N1 prep-N2
Jers Goordination g 530 444 521 @ — +1044  -8.2
guity N2] 445 — 607 464 4.4  +108.4
igkﬁg&g‘mem N1] 720 302 604 — +76.6 +24.3
N2] 583 — 701 327 +3.1 +127.8

" Pitch movement data are expressed as the diffefegtween FO measurements (Hz) taken at mid-pbtheo
stressed syllable and at the offset of the wordHuowel. A positive number indicates a pitch risenegative
number indicates a pitch fall.

Both the duration and pitch movement data refleetihtended asymmetries in the
recordings. As desired, the duration of N1 wastgraa N1] stimuli than in N2] stimuli, for
both NP/S coordination material$33)=14.40, p<.001) and RC attachment materials
(t(23)=16.32, p<.001). Also, N1 was systematicallyduced with a rising intonation in N1]
stimuli, and a comparatively flat intonation in N&jmuli, for both NP/S coordination materials
(t(23)=5.22, p<.001) and RC attachment materié®3J=9.81, p<.001). The N2 properties were
also as intended: the duration of N2 was great®td] stimuli than in N1] stimuli for both NP/S
coordination materialg(@3)=8.18, p<.001) and RC attachment mate(i#®3)=10.29, p<.001),
and the intonation of N2 was rising in N2] stimudirsus flat in N1] stimuli (NP/S coordination:

t(23)=14.51, p<.001; RC attachmet{R3)=18.50, p<.001). Differences between N1] stirand
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N2] stimuli in the duration of a silent pause faliag N1 or N2 did not reach significance for
either construction.

The acoustic analysis thus confirmed that the mhpsd each sentence supports the
morphological disambiguation toward a particulantagtic structure.

The prosodic break in the ambiguous filler iterke I{6), which is marked in the
examples by the || symbol, is aligned with theesgre boundary. In that respect these items
differ from the target constructions, where thealigewere within one sentence. A sentential
break is realized in Bulgarian typically by a faliiboundary tone and a pause (Misheva &
Nikov, 1998). These/siambiguity fillers were recorded with a sententisdak after the verb (6a)
or after the following noun (6b). More details ¢ two prosodies and the structure of these
items are given in Chapter 7 where the data ferdahbiguity are presented.

All unambiguous fillers were recorded with prosagypropriate to their respective
constructions. Thus, some of the unambiguous dilkentained prosodic breaks comparable to
the target items (at clause boundary), but in getaof linear positions. For example, the
sentences in (8) will have a break before the dmakclause and the sentence in (7) contained a
prosodic break after the first adverbial phrasektk obiknovenoas usuaf®’.

In addition, the sentences were also recordedallifpotential prosodic breaks
neutralized, a neutral boundary-free prosody camdintended to be used as between-subject

comparison, which will be discussed in more deta$ection 3.7.2.

% This sentence can also be produced with a bréaktak second AdvP (‘po tova vrenat’

that timg which will slightly change the semantics. Howeube different phrasing will have no
bearing on the verbal argument argument or the hadogical agreement. The sentence can only
be grammatical with the plural copula verb. Thegshrg was chosen because in that sentence a
prosodic break is likely after the sentence inti@nner adverbial if it was the only adverbial
used, but not after the time adverbial if it was timly adverbial used.
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3.1.5. Phoneme replacement manipulation

For the target materials and ambiguous fillers,disambiguating portion of the critical
word was removed from the recordings. This incluthedphonemes that differed between the
two lexical items, as well as parts of the precgdifollowing sounds that might have contained
transitional cues. The removed portion of the digress then replaced with a segment of white
noise, synthesized using Praat (Boersma & WeedB9), with the same sampling rate and bit
rate as the recorded stimuli: 44,100 Hz, 16 bitesawwoal. The duration of the noise used in each
sentence was the average of the duration of theesetg removed from all versions of that item,
to eliminate durational cues. The resulting sidread the same segmental content for the two
different versions of each sentence pair in an,item the sentence-level prosody differed
between versions. Figure 3-2 below provides wawve$oand pitch tracks for the two versions of
examples (3) and (4). As the graphs illustratespdec cues signaling prosodic boundaries (FO
rises and pauses), though differing across mendiehe pair, always preceded the region that

was replaced by noise.
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N1] prosody, coordination as subject of second clause

Nakraia sreStnahme Ani i Ivan

N1] prosody, low RC attachment

Podtseniha  advokata na pevitsa ta k§10 kupi imenieto

! . ERAVARN I o

N2] prosody, high RC attachment

?
f
.
%

Podtseniha advokata  na pevitsata kgto kupi imenieto
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Figure 3-2.Location of noise-replaced word in stimuli sentepaés.

For the unambiguous fillers, white noise repladedghonemes that differed between the
contrasting lexical items used in the relevanefiBubtype, for exampleadetoandkaktoin

sentences like (8), some of which were the samésvas for the target items.
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As a way to check whether the words were identéiaathout the preceding

prosodic/sentential context, fragments of the pastion of the recordings (from the complete

noise-containing word to the end of the sentence,‘B; vav vaztorg”) were played to a panel
of listeners who were asked which word was preSérgy were not able to distinguish between
the fragments from the two prosody conditioimsaddition, three native Bulgarian speakers with
a background in linguistics listened to all thesesieplacetf stimuli, and confirmed that they

sounded natural and that the noise was not disrupti

3.2. The task: Visual Word Choice
3.2.1. Overview

In the Visual Word Choice protocol, a participastdns to the stimulus, then sees two
words on the screen; the task it to indicate wilicthe two words occurred in the sentence.
Participants are instructed to listen carefully andwer as quickly as possible, and to guess if
not sure. From the participants’ perspective tk& teas merely to decide which word had been
in the sentence, similar to a standard word prabk {(MacDonald, 1989; McElree and Bever,
1989, Caplan, 1972). The probes in the visual vetwalce task were designed to reveal the
participant’s resolution of a syntactic ambiguitydahe role of prosody in that process, since
each of the two presented words was compatible avithand only one interpretation of the

sentence.

¥The phrase ‘noise-replaced stimuli’ may not berttost appropriate, as in fact only the
disambiguating portion of the stimuli was replatgdhoise. The stimuli in the current
experiments are more appropriately described dasermntaining’. The term ‘noise-replaced’ is
borrowed from Samuel (1981) who used it to diff¢iege between the items where the speech
sound was missing altogether (‘noise-replacedmfthe condition where it was masked
(‘noise-added’). The stimuli in the current expegimhare only of the first type, so the distinction
IS not necessary, but the terms ‘noise-replaced™anise-containing’ may be used
interchangeably.
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3.2.2. Method

Participants

Participants in all three experiments were natp@agers of Bulgarian. They were
undergraduate students at the University of Econsiini Varna and Varna Free University.
Each took part in only one of the experiments (idoig the additional experiments reported in

later chapters).

Materials

The target materials for each experiment were thBR/S coordination items and 24 RC
attachment items in different versions for prosady/or length. The prosodic contrast was
based on the presence of a prosodic break at ameddlternative locations, disambiguating
toward different sentence structure, as describ&ection 3.1.4. In addition, the two prosodic
break conditions were contrasted (between-subyatt)a no break prosody described in Section
3.6.2. The length contrast manipulation concerhed¢levant NPs for both constructions, as
described in Section 3.1.1.

The three experiments described in this chaptet ashfferent combination of the
prosody and length contrasts for the target itdatsttion of prosodic break (Experiment 1a),
location of prosodic break and length of constitaéBxperiment 1b), length of constituents only
(Experiment 1c). The exact details for each expent are given in the method summary table,
e.g., Table 3-4 for Experiment 1a. Target itemeauth type were counterbalanced across lists
for the relevant prosody and/ or length contrast{saddition the control variables for the target
items, NP type for the NP/S coordination (12 prapenes, 12 common nouns) and gender order

for RC attachment items (12 N1 masc and 12 N1 feraje counterbalanced across conditions.
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The two target constructions served as distradtorgach other. In addition, these target
items were interspersed with the 36 filler itemis¢dssed in Section 3.1.3), of which 12 were
ambiguous and had a prosodic contrast similarddarget items (i.e. alternative location of a
prosodic break, disambiguating intended sentemaetate) and 24 were unambiguous.

Procedure

In all three experiments a computer running DMDXr@ter & Forster, 2003) was used
to present the audio stimuli and collect participasponses. The stimuli were presented via
headphones, in a different pseudo-random ordexdoh participant. For all three experiments
reported in this chapter an experimental list cioreith seventy two target and filler test items, as
well as three training items that could be follovisdparticipant queries, and three covert warm-
up items at the beginning of the list.

Though this was not apparent to the participahtsjtems were grouped in six blocks.
Each contained 4 RC-ambiguity items (counterbaldfceprosody/length), 4 NP/S
coordination ambiguity items (counterbalanced faspdy/length), two ambiguous filler items
(counterbalanced for prosody in Experiments lank)&unambiguous fillers (two of each type).
The program presented the blocks in random ordeiaiso randomized the order of the items
within each block, subject to the constraint thad same-type items could not be adjacent.

The presentation was self-paced. Participants @des&ey on the keyboard to trigger the
audio presentation of a given item. Immediatelthatoffset of the stimulus sentence, two words
appeared on the screen and the participants’ taskevchoose the one that had been in the
sentence s/he had just heard. Participants indiceléch of the two words they thought had
appeared in the preceding sentence by pressingfam® marked keyS. They had been

instructed to listen to the sentence carefully tananswer as quickly as possible and guess if not

3The left SHIFT key for the word on the left and tight SHIFT key for the word on the right.
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sure. The full instructions can be found in Apperli There was a fixed timeout of 9000 ms for
responding to the visual word choice. The experimaes conducted individually with each
participant in a quiet room.

The two words presented with each target item werdéwo morphological forms of the
word that disambiguated the sentence to a particutlerpretation, the disambiguating portions
of which had been excised from the acoustic stimudl replaced with noise. For the NP/S
coordination ambiguity (3) and the unambiguous NBrdination filler (7a), the two words were
always the singular and plural past tense fornte@topula verb ‘bebiahaandbese for the
RC attachment ambiguity (4) and the unambiguoudilRE (7b), they were always the
masculine and feminine forms of the relative prankeoiato andkojto. For the ambiguous fillers
(6) the two word choices weseandsi which are not morphologically related, but are
phonetically very similar. For unambiguous fillemtences with an adverbial clause (8) the
contextually appropriate word was paired with tkigeo word used in the same subtype of fillers,
e.g.,kadetoandkakta The order of the two words in a given pair (esgsi) was kept constant
throughout the experiment. Because the target imrdghe ambiguous filler items appeared in
different prosodic contour conditions across versjdhe prosody-congruent word choice was
the left half of the time and on the right side titieer half. In the same way, for the unambiguous
fillers the congruent word choice was on the lsfoéien as it was on the right. The constant
placement of each word on left or right was donerder to minimize visual confusion and
make responses more automatic.

The number of specific items and word choices pesien is summarized in Table 3-3
below. The number of items per construction typs the same for all three experiments,

although different prosody and/or length contragthin target items were employed.
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Table 3-3.Items in each list by construction type

Construction type Example N items Word choices
NP/S coordination ambiguity (3) 24 beSe / biaha
RC attachment ambiguity 4) 24 kojto / koiato
Se/si ambiguity (6) 12 se/ si
Unambiguous NP-coordination  (7a) 6 (3 sg verb, Bepb) beSe / biaha
Unambiguous RC-attachment (7b) 6 (3 fem N, 3 mgsc N kojto / koiato
Unambiguous adverbial phrase  (8) 12 (6 manneda&ep kakto / kadeto

Each of the three phoneme-restoration experimanighich the visual word choice task

was used (1a, 1b and 1c) will now be reported seplgr

3.3. Experiment 1a: Visual Word Choice with faciliating prosody

3.3.1. Overview and summary of experimental details

The purpose of Experiment 1a was to investigatseqaiz disambiguation on its own, i.e.
whether the location of a prosodic boundary wowdehan effect on ambiguity resolution for
NP/S coordination and RC attachment in Bulgariaenvho other disambiguation was present.
Only short versions of the target items were uBegerimental details are provided in Table 3-4
below.

Table 3-4: Experimental details for Experiment 1a: Visual dighoice

number Details

Participants N=24 ages 19-25, 67% female
No participants excluded from experiment
on any criteria.

Task: visual word choice Listen to the sentence and pick the word
that was in the sentence out of two words
on the screen.

Target materials: Contrast: prosodic break location
NP/S coordination ambiguity N=24 N1] break (N=12) vs. N2] break (N=12)
RC attachment ambiguity N=24 N1] break (N=12) vs. N2] break (N=12)

Lists 2
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3.3.2. Predictions

As discussed previously (Chapter 2), existing ffata other languages and obtained
with a variety of other methods indicate that thisge target constructions are sensitive to
prosodic disambiguation of their syntactic strueturherefore, the expectation was that
participants would use the available prosodic ¢aekeduce the speaker’s intended meaning.
Specifically, it was predicted that in the visuand choice task they would most often choose
the word that disambiguates the sentence towarthtégretation congruent with the prosodic
contour they heard.

In addition, it was tentatively expected that R@&elhment may show asymmetric effects
of prosodic break location, based on findings @hsasymmetry for other languages (L@&yri
2003; Fernandez, 2007), but no similar expectationsd be formulated for the NP/S
coordination in the absence of prior data. Diffénqgaitterns of prosodic break effect may emerge
for the two target constructions, which have nevpusly been compared in the same

experiment.

3.3.3. Results and discussion

Data for Experiment la are reported in Figure 2®W as percent word identifications
(phoneme restorations) congruent with the prosbdiak in each of the two prosodic break
location conditions for each construction. The oese timeout for the word choice resulted in a
negligible (0.2%) amount of missing data.

The vertical scales for N1] congruent restoratiand N2] congruent restorations are

superimposed in the graph, meeting at 50%, salb@¥ N1] congruent at the bottom
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corresponds to 0% N2] congruent and 100% N2] cargrat the top corresponds to 0% N1]

congruent. This combined scale will be used foeafieriments in Chapters 3 and 4.

NP/S coordination RC attachment

100% N1] congruent
restorations

N2]
congruent

N2] congruent
ractnratinne

50%

N1]
congruem

100%
N1] N2] N1] N2]
prosodic break prosodic break

Figure 3-3. Percent prosody-congruent phoneme restoratiggonsgs for Experiment 1a: Visual
word choice

As Figure 3-3 clearly shows, the overwhelming migjasf phoneme restorations in
Experiment 1a for both the NP/S coordination (dt) End the RC attachment ambiguities (on
right) were restorations that were congruent with prosody of the stimuli, the rates ranging
between approximately 95% for NP/S coordinatiorti{ddl] and N2] breaks), and between 92%
(N1] break) and 83% (N2] break) for RC attachmémt.analysis of variance shows that prosody
had a significant impact on phoneme restoratiopareses for both the NP/S coordination
ambiguity:F1(1,22) = 1103p<0.001,F, (1,20) = 2043p<0.001 and the RC attachment
ambiguity:F1(1,22) = 463p<0.001,F,(1,20) = 431, p<0.001. There was no interactioin wit
either subject or item group. In short: the prosofithe stimuli had a powerful effect on

sentence comprehension for both constructions l@inu what was established in prior studies;
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see Chapter 2), and a contrast emerged betweenetyyrior the NP/S coordination ambiguity
and an asymmetry for the high/low RC-attachmentiguity, as anticipated.

Turning now to the details: With NP/S coordinatioaterials, N1] and N2] prosody
elicited similar amounts of congruent restoratiffis F, < 1), as had been tentatively expected
in the absence of previous reports to the contiafith RC attachment materials, N1] prosody
elicited significantly more congruent restoratidhan N2] prosodyK;(1,22)=7.22p=.013;
F2(1,22)=6.90p=.015), as had been anticipated in view of prevexygerimental findings of
such asymmetry in other languages, noted abovadset2.2). However, even N2] prosody had
a substantial effect on RC-attachment disambigoaireference.

The phoneme restoration data for Bulgarian whisleakthe effectiveness of prosodic
disambiguation of NP/S coordination and RC attacttrirethat language fits well with findings
from other languages on prosodic disambiguatiotoofdination and RC attachment
ambiguities. In particular, the NP/S coordinati@tadcorrelates with findings for English
showing that grouping of conjuncts via prosodictabary location successfully disambiguates
intended coordination interpretation (Lehiste, 19Zsfton et al. 2006).

Both proper names and common nouns were includadantrolled comparison in
Experiment 1a and items were counterbalanced &rfélttor across conditions. A similar
comparison was included in Clifton et al. (2006) &si a between-subject factbrin the current
experiment the prosody-congruent phoneme restoradites for items with proper names as
conjuncts were 97% with N1] break and 96% with R&Jak. For items with common nouns the

rates were very slightly lower: 92% with N1] breakd 94% with N2] break. There is no

“°Clifton et al. (2006) compare responses on shotiowng) proper names in Experiment 1a and
short proper names vs. long definite descriptionSxperiment 1b. There is a difference is
between both the short and the long items in tleeeiyperiments with an early break, but not
with a late break.
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difference in the amounts of congruent restoratlmetsveen names and common nouns in either
condition, i.e. the control factor does not inténaith prosodic disambiguation.

The phoneme restoration data for RC attachmentigaBian also correlates well with
findings that prosodic break location can resolgdachment ambiguities in a range of
different languages (e.g. Croatian, English, Gerrkbrew, Spanish and others; see section
2.2.2. and Appendix to Chapter 2). However, thectfof a prosodic break at the two locations is
not equally strong in the present data, and in@eld] break has been found in other languages
to produce a stronger disambiguating effect on R&chment than an N2] break. For example,
Lovri¢ (2003) reports such an asymmetry for Croatiahénlistening data of his Experiment 5,
stating that an N1] prosodic break “in effect faréew attachment” while an N2] prosodic break
“encourages but does not force high attachmenthdrelez (2007) reports for English that an
N1] prosodic break produced substantial lowerin&@Gfattachment, while an N2] break
produced a modest increase of high attachment, ado a baseline no-break condition.

To recap, the phoneme restoration data establi$igeidllowing about the
disambiguation of NP/S coordination and RC attacitrireBulgarian: (1) prosodic break
location at N1] or N2] can disambiguate both; (@u&lly well for NP/S coordination but not for
RC attachment. The prosodic boundaries in bothtogetgons were used were the same in type
(IPh breaks) and acoustic prominence, so the difitszffect they produce needs an explanation.
Below, | will attempt several different approachesn account of the data.

The first one is in terms of syntax prosody/mappiagstraints, such as the ones
proposed by Selkirk (2000). There is evidence ith&ulgarian a strong prosodic constraint is in
place with respect to clause edges and intuititelyay be assumed to be right-edge aligned,

because it has a clause-final boundary tone (caatiion or final) that is not present for example



111
at the beginning of an utterance. Thus, the coimstn@ay be formulated asligng CP IPh. For
now | will only assume an alignment constraintdtausal edge, though it may also apply to
phrase edges.

As is illustrated in (9) below (using a globally laiguous variant of the example sentence
for each target construction), satisfying this ¢omat would require an IPh break at one of the
two locations that were investigated or possiblyather locations marked'jand not allow (or
at least strongly discourage) an IPh break atdbations marked *||. Note that this only involves
IPh breaks, which are realized through FO rise dfapn-sentence-final clause) or FO fall
(statement-final) and lengthening of the phrasatimord with possible pause (depending on

speech rate, register etc.).

9)
a. Nakraia || sreshtnahme *|| Ani [1|| ilvan || i *|| detsata || biaha *|| vav vaztorg.
Inthe end meet-past-1p.pl Ani  arddan and children-det were in ecstasy

In the end (we) met Annie and Ivan and the caildvere ecstatic.

b. Podtseniha || advokata || na *|| paJétjto *|| kupi || imenieto.
Underestimate-past lawyer-m of singer- who-m  buy-past estate-det

(They) underestimated the lawyer of the singer bdwmht the estate.

For the globally ambiguous NP/S coordination sergean (9a) a structure where only N1 is in
object position of the first clause will require Bth break after N1Ani) and prohibit such a
break after N2lyan) in normal stylistically neutral speech becausedd@s not coincide with

the right edge of a clause in this case. Conversedjructure where a conjoined (N1 and N2) is
in object position of the first clause, the aligmmheonstraint will require an IPh boundary after

N2 and permit such a break after N1, for the saasans. Thus, if the constraint is in place, for

* There can be more than one IPh in an utteranceeler, all of these permitted locations
cannot host an IPh break in the same utterance.
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each alternative structure there is only one vi#idleboundary location inside the three NP
sequenc®. Therefore, the location of the prosodic brealt @i@arly indicate the clause

boundary and the syntactic position in which NPrdowtion should be processed in (9a) and
also in the target NP/S coordination items in Ekpent 1a (thus enabling listeners to restore
the segments carrying the verb agreement featarekd structure congruent with the prosodic
break location.

For the globally ambiguous RC attachment senten(@b), the alignment constraint would
disallow an IPh break only between the preposiéiod N2 and between the relative pronoun and
the RC-verb. It will also disfavor the breaks betwehe verb and object in both the main clause
and the RC, but they may occur for other reasdesdonstituent length. In principle then, the
two breaks in the N1 of N2 sequence should adienstay described above for coordination. A
low attachment structure should correspond to anbd@ndary that separates the two heads and
a high attachment structure to N2] boundary thasobdates them. The location of the prosodic
boundary should disambiguate (9b) and the targeafChment items to the intended structure.
However, the two structures are not supported ggueall by the corresponding boundary in
Experiment la.

The edge alignment constraint possibly interaatis another constraint on prosodic
structure and the most likely candidates are a wragense unit type constrdihand well-

formedness (optimal length). Motives for propossugh constraints in Bulgarian were discussed

2t is possible to have more than two NPs conjoiimeabject position, then there will be a break
after the last one to coincide with the clause e8g in this particular case (NP/S target items)
only two IPh locations were possible inside the9¢Buence.

*3 In the relevant respect the two will have the safifect of grouping together a syntactic
constituent prosodically.
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in section 2.3.2. Consider how they would affeet pfrasing of the target constructions in (10)
below™.
(10)
a. (Nakraia) (sreshtnahme Ani) ||(Ivan idetsata) (biaha vavaztorg).

Inthe end meet-past-1p.pl Ani  and Ivand children-det were in ecstasy
1Prwd 2Pr wd Il 2Pr wd 2Pr wd

In the end (we) met Annie and Ivan and the chilavere ecstatic.

b. ( Nakraia sreshtnahme) (Anilvan) || i_( detsata) (biaha vaeztorg).
Inthe end meet-past-1p.pl Ani and Ivand aildren-det were in ecstasy

2Pr wd 2Pr wd Il 1Pr wd 2Prwd
In the end (we) met Annie and Ivand the childremnvere ecstatic.

c. ( Podtseniha advokata) || pevetsa) (kojto kupi imenieto.)
Underestimate-past lawyer-m of singer- who-m  buy-past estate-det

2Pr wd Il 1Prwd 3Prwd
(They) underestimated the lawyer of the singer bdwmht the estate.

d. (Podtseniha) (advokata _pewvetsa) || (kojto kupi imenieto.)
Underestimate-past lawyer-m of singer- who-m  buy-past estate-det

1Pr wd 2Pr wd Il 3Prwd
(They) underestimated the lawyer of the singer bdwumht the estate.

The alternative phrasings of the NP/S coordinatiod RC attachment will satisfy the first type
of constraint that precludes prosodic boundarig¢kiwsyntactic constituents. There is no
prosodic break between the verb and its argummaidifier or inside the conjunction in (10a-b)
and within the short RC in (10c-d). As for optintethgth constraints, both phrasings violate for
NP/S coordination and for RC attachment violateMBmand the RC phrasing as a unit violates

BinMax which is probably ranked low in Bulgariarhe phrasing seems more balanced in

“Brackets are used to mark constituents groupedtegen the grounds of the constraint and
underscore denotes cliticization.
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(10a-b) than (10c-d), but there is no grounds toster (10c) more optimal than (10d). Thus the
three types constraints on prosodic phrasing aremaugh to account for the

Asymmetry of prosodic effects in RC attachment uigarian, but there is no independent
motivation for the type of constraint that may beeracting with them. So far, traditional
alignment theory (Selkirk 2000) cannot adequat&plan these differences, but it may be that
the newer Match theory (Selkirk 2012) will be atdeprovide a theoretical environment that
does so. A matter of especial interest for psycigoiistics is whether the left edgefsdifferent
types of XP (such as PP adjunct to NP), versusrél&tife clause adjunct to NP) and CP
(clausal complement to a verb or to a noun) caerdfith respect to left-edge prosodic
boundaries. This needs to be elucidated in futesearch on the syntax/prosodic interface.

An alternative way to define the syntax-prosodgifétce is not as edge effects but as
domain effects, as they are considered in the Erod6sibility Hypothesis (Schafer, 1997)
discussed briefly in Chapter 1. According to thatw“attachment to a node depends on which
prosodically-defined domain contains the node” ¢eh 1997: p42). Indeed, an IPh break after
N1 places N2 and the RC in one prosodic domairgreg¢p from N1, so low attachment is
predicted, but an IPh break after N2 separateR@é&om both attachment sites. In principle
this hypothesis can account for the stronger etieédil] break in disambiguating structure,
because it is unambiguously associated with onetsire, while the N2] break is not. But with
the N2] break the alternative attachment sitesratiee same prosodic domain and should be
equally visible, which does not predict rates gffhattachment interpretation as found in
Experiment la.

Perhaps a mix of the two approaches where prosusitality is related to syntactic

availability may be applied. Let us assume thatPdmbreak in Bulgarian though it may not
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necessarily occur at a clausal edge in effect dwithe utterance into clause-type constituents
contained by intonational phrases. There are saoengs for a claim like that, because not
having an IPh break at a clausal boundary may atélitt is interpreted as an argument inside the
clause (11).

(11) (Kaza, ¢e Ste  dojde v sabgta(a dojde v nedelia.)

Pro said that pro will come on Saturday, botgame on Sunday.

S/he said s/he will come on Saturday, but cam8unday

In the target constructions IPh (10) always separtite sentence into two intonational phrases,
each one a well-formed syntactic-semantic entitywelver, the relations between the two large
(clausal type) constituents of NP/S coordinatiod RE attachment are not the same. When the
IPh prosodic break at the right edge of the filause signals the end of one constituent and
because it has a rising tone the beginning of ampthe new constituent is attached as a sister of
the first one in (10a-b) where the structure iseriorear (in very simplistic terms), but in RC
attachment the new constituent has to attach asd#fier and needs to find a head. With N1]
break that modifier is actually the PP and with W&ak it is the RC. Importantly, with N1]
break the RC is ndhe modifier that has to attach in the main clabsé a daughter of that
modifier. It is thus precluded from attaching to &d can only attach to N2 which is the only
nominal head within the PP modifferwith N2] break the RC is the modifier that ne&als

attach into the main clause but can still potelytiaitach to either N1 or N2, if both nominal
heads are equally available. However, there aivelgthigh ranking ‘sense unit’ constraint in
Bulgarian that somewhat discourages attaching tavitt2this prosody: since N1 of N2 is now

in the same intonational phrase, it forms a head-€@stituent that occupies the object position

**The PP can in principle also attach ambiguousti¢oV or N1 in the main clause.
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of the VP and the RC will preferentially modify thead of the nominal, which explains the N1
bias.

Another possible explanation as to why there waneldin asymmetry in effectiveness of
these two prosodic phrasings falls out from thed®al Speaker Hypothesis (RHS, Clifton,
Carlson, & Frazier 2002), which incorporates a camitative perspective on the processing of
prosody by assuming that the listener interpratsqulic breaks in term of how they are likely to
have been intended by the speaker, and determimether to take them seriously as markers of
syntactic structure, or not, depending on an evanaf the speaker’s likely motivation. (This
may or may not include conscious motivation; itlddoe merely a reflex of obeying the various
requirements of the syntax-prosody alignment cangs in the grammar.)

The Rational Speaker Hypothesis claims that “listernterpret intonation by assuming
that speakers do not make prosodic choices withmue reason (and are, therefore, rational). In
particular, if a speaker intends a larger syntdmbigndary before X than before Y in the
sequence X....Y, the speaker cannot then placgerlprosodic boundary before Y than before
X for no reason.” (Clifton et al., 2006: 854) Theyecifically formulate this hypothesis to
account for constituent length effects on prosaltsambiguation, and their interaction was the
focus of a separate experiment (see section 3é5 the Rational Speaker Hypothesis is
interpreted in a broader sense: that a prosodakitfteat could have been motivated by non-
configurational considerations has less impactensgived syntactic structure than a break
without such alternative motivation. Constituemtgth was not a factor in Experiment la.
However, in the case of Bulgarian RC an alterngtigsodic break motivation is available
regardless of constituent length. In Bulgarianeéhemo normally expected prosodic break

between a head noun and a PP that modifies ithbu is a default prosodic break immediately
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preceding a relative clause (comparable to Freskljscussed by Fodor 2002), which is
reflected by more or less obligatory comma punabnan writing (see section 2.3.3.). Speakers
almost invariably break at the pre-RC positiondnrRC following a single head noun where
there is no attachment ambiguity, and where lengtfstraints are not a significant factor. This
default break may actually be related to lengthsagrations, however, as noted earlier (section
2.3.4.) RC in Bulgarian are not generally short tedrelative pronoun, which is an obligatory
element of an RE, is a 2-syllable word in Bulgarian and has onessted syllable, so even a
very short verb form (not very common) makes theeR@ell-formed phrase. For example, the
sentence in (12a) will quite likely be phrased véathreak (though probably realized by pitch rise
and duration, not a pause) before RC even if thesRGst the relative pronoun and the verb and
the sentence in (12b) will have a break (againescdbwn in prominence) both before and after
the (parenthetical) RC.

(12)
a. Poznavam moteto, koeto pia (na pranenstvoto).
know-1p sg boy-n who-sang at celbration-det.

I know the boy who sang (at the celebration).

b. Monxeto, koeto pia (na tarZzestvoto), se kazva Ivan.

boy-n who-n sang eglbration-det refl call Ivan.

The boy who sang (at the celebration) is calledhlva

Since the N2] breaks in our materials constitutiefault pre-RC break, it might therefore
be undermined as cues to high RC attachment. lmaginan N1] break has no alternative
motivation, which could make it more likely to redted as genuinely indicative of the syntactic

structure.

*Reduced relatives like ‘the horse raced past the tedl’ are possible, but constructions like
‘the man the dog bit’ are not.
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We may go further in explanatory power if we incangde an extension of that line of
reasoning, namely that the abseofcan expected prosodic boundary may also be irdtua
(Schafer, Carlson, Clifton, & Frazier, 2000) anapida modified version of the RSH,
incorporating the assumption that in the same Wwat/lie must be choosing to break at a given
location for a reason (syntactic or other), a ralspeaker will not chose to omit a syntax-
required break for no reason. Under this assumpti@navailable prosodic cues in NP/S
coordination and RC attachment disambiguation lia¥erent motivation.

(13)
a. Inthe end, we met Aand Ivan and Mimwere ecstatic

Nakraia sreStnahme Arj ilvan i Mimi biaha vav vaztorg.

Inthe end meet-past-1p.pl  Ani and Ilvan and Mimien@ ecstasy
Adv V N1|| (N2 + N3) V PP]
IPh no IPh
structural structural

b. In the end, we met Ani and Ivand Mimiwas ecstatic.

Nakraia sreshtnahme Ani i Ivan |[Mimi beSevav vaztorg.
Inthe end meet-past-1p.pl Ani and Ivan  and Mirakvin ecstasy
Adv V (N1 +N2) || [ N3 vV  PP]
no IPh IPh

structural structural

c. They underestimated the lawyetrtloé singer who bought the estate.

Podtseniha advokata || na pevitsataoiato kupi imenieto.
underestimate-past  lawyer-m of singer-f who-f bagtp  estate-det
v N1 || N2 RC
IPh no IPh
structural=non-default structural=non-default

d. They underestimatetie lawyer of the singewhobought the estate.

Podtseniha advokata  napevitsata || kojto  kupi imenieto.
underestimate-past  lawyer-m of singer-f who-m  bagtp estate-det
\ N1 N2 || RC
no IPh IPh
structural structural

default default
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With respect to NP/S coordination (13a-b), the cioration of two structural cues (its
presence at one position and its absence at tiee pdisition) are two mutually supportive
prosodic cues that strengthen each other, makitiggrosodies very effective at disambiguating
the NP/S coordination ambiguity. The same is fon¢he N1] phrasing in (13c) where a non-
default break is present, but the default breaiot¥’. This absence of a default prosodic break
before the RC may in fact constitute a second gtoue to syntactic structure, making the N1]
prosodic contour much more effective. In (13d)cbwytrast, both cues are ‘default’ (no break
before PP is expected and a break before RC iste@ehence it is less effective as a syntactic
cue. As noted earlier with respect to the defadtRC break, the default non-break before the
PP can also be length related. In this case, #n@egding phrase is short and a break there must be

intentional.

3.3.4. Conclusions and follow-up experiments

The prediction that listeners would make use ofpitesodic contours of these stimuli to
resolve syntactic ambiguity was confirmed. ReslaisBulgarian obtained with this method are
comparable to previous results for these two canstns in other languages obtained with a
variety of methods (see Chapter 2, section 2.2)sTphoneme restoration with the visual word
choice task proved to be a useful tool for studynthiguity resolution in sentence processing.

There are valuable advantages of word choice ogtaralard comprehension
guestionnaire. Asking “What word did you hear?hegtthan “What does the sentence mean?”

can draw participants’ attention away from the seoe-level ambiguity. Also, although it is not

*The presence of a break after N1 does not absplptetiude a break before the RC, which
may still occur for length reasons, but in the slithe RCs were relatively short.
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an on-line task, this protocol helps to minimize trelay between the stimulus and the response
because there is no intervening comprehensioniquéstparse and interpret, but just two
(short) words to read. For a study of prosodiauerice this is especially valuable, since
phonological memory is limited, and there is a tiskt the mental representation of the prosody
of the target item may be overlaid by prosody ptge onto an intervening question.

The additional experiments reported in this chagkso used visual word choice. They
were designed to supplement the data from ExpetideerSince constituent length effects are
often associated with prosodic phrasing effects fitist additional experiment (Experiment 1b)
attempted to tease apart those factors by addimgese length contrast in the experimental
design, using the same basic materials and expetai@rotocol as Experiment l1a. In the other
additional experiment (Experiment 1c), the samesgrpental procedure was used with the same
basic materials used in Experiment 1a, but the prent prosodic phrasing cues in the stimuli

were eliminated.

3.4. Constituent length effects in the coordinatiomnd RC-attachment constructions
3.4.1. Constituent length effects

Prosodic boundaries can occur almost anggMmea sentence depending on a variety of
factors including information structure (focus, trast, etc.) and constituent lengths, as well as
syntactic structure. Also, their presence or abseah@ particular locus is to some extent
optional, particularly for intermediate prosodiaaes (ip), though less so for Intonational
phrases (IPh). The combination of these facts basga problem for research because it means
that prosodic phrasing cannot be fully explaingduigh a simple set of rules relating it to
syntactic phrasing (or even to semantics). A meguse of this lack of straightforward mapping

between syntax and prosody is the factor of carestitlength. It was the motivation for
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postulating the optimal size BinMap constraint cogodic phrases (Selkirk, 2000). The Rational
Speaker Hypothesis (Clifton et al. 2002) discussegiection 3.3.4 above was developed mainly
to incorporate and account for the impact of comstit length on the effectiveness of prosodic
boundaries in sentence comprehension.

Constituent length is also implicated as a fadtat tan modify ambiguity resolution in
silent reading. Silent reading studies in differamiguages have established that longer phrases
tend to attach higher in the tree than short ohéseosame typelhis phenomenon was dubbed
the Anti-gravity effect by Fodor (1998). As alreadigcussed in chapter 2, the RC-attachment
ambiguity resolution preferences have been exploradhumber of languages since the
English/Spanish study (Cuetos & Mitchell, 1988) weheross-linguistic variation in ambiguity
resolution was initially observed for this constran. The puzzling distinction of high vs. low
attaching languages prompted a number of proposgadreations, but one factor that was found
to modify attachment preferences within a languags constituent length. For example, a long
ambiguous relative clause tends to attach higlaar éhshort ambiguous relative clause (e.g.
Ferndndez, 2000, 2003; Lo#& Fodor, 2000; Pynte & Colonna , 2000; Quinn et2000). For
the RC studies, the proposed explanation is tmaf (theavy’) RCs form a separate prosodic
constituent, separated by a prosodic boundary theradjacent N2, while short (‘light’) RCs
need to form a prosodic constituent with the adjad¥ and are therefore grouped with it
syntactically as well (i.e., attached low). The iAgravity effect and also the ‘Same Size Sister’
constraint (Fodor, 1998) which assumes that thegasor seeks length-balanced prosodic
structure have provided explanations for crossulisiic variability of seemingly identical

syntactic structures on the basis of length/weight.
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The prosodic account is certainly not the only pragposed as an explanation of length
effects in sentence processing. Several theories i@posed alternative explanations on the
basis of information load (Hemforth et al., 2002)pooduction constraints (MacDonald, 1999)
among others. But the discussion here will focushenprosodic account of length effects in
ambiguity resolution, as most relevant to the presesearch. Researchers have found evidence
that constituent length is a factor influencingthothe production of prosodic structure and its
interpretation when listening. For example, Wat&o@ibson (2001) found that if a noun in
subject position was modified by a relative clauke,size of the relative clause correlated
positively with the probability of boundary placemidefore the main-clause verb. It has also
been established that speakers are more likelyobuge a prosodic boundary before a longer
constituent than before a shorter one (Quinn g2800;Watson and Gibson, 2004). In listening
studies there is evidence that judgment of prosappropriateness of prosodic boundaries is
affected by the length of the upcoming phrase (Era al., 2004)

Following the proposal of Fodor (1998), the lengthhe relative clause has been
included as a factor in silent reading and listgrstudies on RC attachment ambiguity resolution
in a number of languages. A number of studies lseavn that RC length affects attachment
preferences not only in listening, but also inrgileeading, namely short RCs show a stronger
tendency toward low attachment than long RCs anotimgrs, Fernandez, 2003 for both English
and Spanish) as predicted by Fodor (1998 pervasiveness of this length effect across
languages is easily explained on the basis of psodbcan be expected to be a universal
property, since a long RC in any language is mi&edyl to form a prosodic phrase on its own,
while a short RC is more likely to be phrased wité preceding word (N2). This is so even if

the details of what counts as long and short fdR&@mmay differ to some extent between
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languages (Shaked, 2006). Another cross-langudigeatice may lie in the relative ranking of
optimum length per se and balanced length; the wbFynte suggests that in French the latter

is a stronger influence than the former.

3.4.2. Length manipulation in the Bulgarian ambiigsiin the current investigation

Clifton et al. (2006) empirically tested their Ratal Speaker Hypothesis in a set of
experiments devised to cheekether constituent length interacts with hpmsodic phrasing is
interpreted by listeners, more specifically “whetpesodic boundaries will have a larger
influence on listeners’ choice of an analysis wiiey flank short constituents than when they
flank long ones” (p854) i.e. whether listeners ti@arosodic boundary as more informative
about the syntax when it precedes or follows atstwrstituent than when it precedes or follows
a longer one). Clifton et al. used as targets seetecontaining a type of NP coordination
ambiguity involving conjunction and disjunction. dbasic structure of this ambiguity was
discussed in Chapter 2, and compared to the NR/@lioation ambiguity in the present
research. Clifton et al. manipulated the lengthetévant constituents (NP conjuncts) as
illustrated in (14) below in order to find out whet length interacts with the effect of prosodic
boundary location.
(14) Short version:

a. (Pat) or (Jay and Lee) convinced the bank managxtend the mortgage.

b. (Pat or Jay) and (Lee) convinced the bank martagextend the mortgage.

Long version:
c. (Patricia Jones) or (Jacqueline Frazier ancclze€onnolly)
convinced the bank manager to extend the mgetga
d. (Patricia Jones or Jacqueline Frazier) and ¢lze€onnolly)
convinced the bank manager to ektbe mortgage.

Clifton et al. (2006) found, as anticipated, theg position of the prosodic break

influences the preferred syntactic analysis of tloisstruction, but also found an interaction with
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prosodic phrase length: prosodic breaks were tldatdisteners as less relevant to syntactic
disambiguation when they flanked long constituefite explanation proposed was that with
short constituents the presence of a boundary lgroe taken as an indicator of the intended
syntactic structure, but with long constituentdrthength provides an alternative reason for a
prosodic break and the listener therefore doesreat it as a strong structural cue. That
explanation, formulated as the Rational Speakerothgsis (Clifton et al. 2002), assumes that
listeners are not simply processing prosodic breaksues to syntactic structure but are also
making inferences (generally not consciously, afree) as to why a break is present in a given
location (why a rational speaker would place akbtbare) and consequently treat a prosodic
break as less informative syntactically if altew@atreasons for it exist.

As already discussed in Chapter 2, section 2.B€LNP/S coordination ambiguity in
Bulgarian which is used in this experiment is d#f& from the one Clifton et al. (2006) studied
for English, shown in (14). The contrast in (14b&ween two different groupings of three NPs
within the same syntactic position (main clausgettpwhile the three NPs in the NP/S
coordination ambiguity used here span a clausedsynso that they are distributed between
two syntactic positions of two coordinated claugdgect of the first clause and subject of the
second clause). Despite this difference, howewah structures include three NPs in
consecutive order in the word string and in bottesgorosodic grouping of the three NPs
indicates the intended sentence structure (achiey@aserting a boundary either after the first
or the second one) yielded high rates of prosodialbdisambiguation of the intended
interpretation. On those grounds, the length mdatjmn from Clifton et al. (2006) was adopted

here. As noted in section 3.1., the same lengtlrasinwas used in both target constructions.
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By using the same type of length manipulation far WP/S coordination materials in
Bulgarian which Clifton et al. (2006) used for sedijNP-coordination in English, it is possible
to make predictions of how NP-length may modifygmdic phrasing effects for the NP/S
coordination in Bulgarian for which there is nogsrresearch. It can be expected that NP length
will interact with the prosodic grouping, sincef@hn et al. 2006 found such an effect in English;
more specifically, the proportion of participantssponses that were contrary to the prosodic
grouping increased with long NPs.

With regard to RC-attachment, there is an extensogy of published research on RC-
length effects in a variety of languages, includdwgarian (Sekerina et al. 2003) reporting data
which confirm that RC attachment preferences ansitiee to constituent length.

Replicating RC-length effects with a new method araderials would be of some
interest. However, it might be more useful andiinfative to generate data on a different length
contrast that has been studied far less, and withdesults, namely the length of the two
nouns that may be modified by the RC.

So far, few studies have been conducted that ievmignipulating the length of the two
NPs which can be modified by the RC. Henstra (199é)d no systematic NP-length effects on
RC attachment in silent reading of English whenamapared multiple types of NP-length
combinations. However, Wijnen (2004) contrastedtsaiod long NP in Dutch-based
jabberwocky silent reading experiments and in Expent 1 found that within the general low
RC-attachment preference, short RCs were attadlgadsignificantly more frequently when N2
is longer than N1 (48% high attachment) compardtiéaeverse length contrast (25% high

attachment).
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Including the NP length contrast will provide nodeaita on Bulgarian and potential
effects of NP length on RC attachment. Making #reggth contrast the same for the two target
constructions will allows for a comparison of NiRdéh effects if such were found and how they
may modify the effects of the prosodic break lamatvhich was also comparable for the two

constructions.

3.4.3. Stimuli with contrasted constituent lengih Experiment 1b

The target materials for both NP/S coordinatiod R& attachment were created with a
long and a short version (as discussed in sectibh &d the short-long version contrast was the
same: to create the long version of a sentencthtbe NPs in the NP/S coordination items were
expanded (by using a family name with proper naamesadding an adjective for the common
nouns) and the two NPs in the RC attachment iteare wxpanded by adding an adjective to
each.
The short versions only were used in Experimenbiaboth versions were used in Experiment
1b.Thus, an experimental item in Experiment 1b is caosepl of a quadruple of sentences, made
up of a short-version pair and a long-version phirstrated in (15) and (16) below. Except for
the word that disambiguates through morphologigat@ment, each pair is phonemically
identical, but differs in prosodic phrasing. Th@agpriate location of the prosodic break for

each interpretation is marked by the symbol [héexamples above.

(15) NP/S coordination: proper names and common nouns

a. N1] break, short

Nakraia  sreStnahme Ani || i Ivan [ Mimi biaha vav vaztorg.
[ Vv N1] conj [N2 con; N3 \ PP]
In the end meet-past-1p.pl Ani and Ivan and Mimi erdy in ecstasy

In the end, we met Aand Ivan and Mimwere ecstatic
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Biah govoril s kolegata || i talnika | direktora biaha v tetenie
[ \% N1] conj [N2 conj N3 \% PP]
had talk-past with  colleague and supervisor andpresident were in current

| had talked to the colleague and theesuigor and the presidemiere infromed

b. N1] break, long

Nakraia sreStnahme Aneta i lvaylo i Mariela biaha vav vaztorg.
Markova || Stavrev Peeva

[ \% N1] conj [N2 conj N3 \% PP]

In the meet-past- Aneta and Ivaylo and Mariela Peeva  were in ecstasy

end 1p.pl Markova Stavrev

In the end, we met Aneta Markosad lvaylo Stavrev and Mariela Peeware ecstatic.

Biah govoril s noviakolega|| i prekia ni i zamestnik biaha v tecenie
natalnik direktora

[ \% N1] [N2 N3 \% PP]

had talked with colleague anddirect and vice were in current
supervisor president

| had talked to the new colleague and ouedirsupervisor and the vice presidemte infromed

c. N2] break, short

Nakraia  sreshtnahme Ani i lvan || [ Mimi BeSe vav vaztorg.
[ \% N1 conj N2] conj [ N3 \% PP]
In the end meet-past-1p.pl Ani  and Ivan and Mimi asv in ecstasy

In the end, we met Ani and Ilvand Mimiwas in ecstasy

Biah govoril s kolegata I dalnika i direktora beSe Vv tecenie.
[ Vv N1 conj N2] conj [N3 V PP]
had talk-past with  colleague and supervisor andpresident was in current

| had talked to the colleague and the supervisat the presidentwas informed

d. N2] break, long

Nakraia  sreStnahme Aneta i Ivaylo [ Mariela beSe vav vaztorg.
Markova Stavrev || Peeva

[ Vv N1 conj N2] con; [ N3 \% PP]

Inthe end  meet-past-1p.pl  Ani and Ivan and Mimi asw in ecstasy

In the end, we met Aneta Markova and Ivaylo Staarel’Mariela Peevavas in ecstasy.

Biah govoril s novia [ prekiani i zamestnik beSe v teenie.
kolega natalnika direktora

[ \% N1 N2 ] conj [N3 V PP]

had talked with colleague and  supervisor and igeas was in current

| had talked to the new colleague and ouedirsupervisor and the vice presideais informed.
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(16) RC attachment

a. N1] break, short

Podtseniha advokata || na pevitsat&koiato kupi imenieto.
[V N1 ] [ N2 [RC 1]
underestimate-past  lawyer-m of singer-f who-f bagtp  estate-det

(They) underestimated the lawyer of the singleo.gn. bought the estate.

b. N1] break, long

Podtseniha drebtkia na naSumialata koiato kupi  imenieto.
advokat || pevitsa

[V Adj N1 ] [ N2 [RC 11

underestimate-past  small-framed of newly famous who-f buy- estate-det
lawyer-m singer-f past

(They) underestimated the small-framed lawyer efrewly-famous singevho,gn: bought the
estate.
c. NZ2] break, short

Podtseniha advokata  napevitsata || kojto  kupi imenieto.
[V [ N1 N2 ] [RC 111
underestimate-past  lawyer-m of singer-f who-m  bagtp estate-det

(They) underestimated the lawyer of the singeo .n1 bought the estate.

d. N2] break, long

Podtseniha drebtkia na naSumialata kojto kupi imenieto.
advokat pevitsa ||

[V [ [N1 N2 ] [RC 111

underestimate-past  small-framed of newly famous who-m buy- estate-det
lawyer-m singer-f past

(They) underestimated the small-framed lawyer efrgwly-famous sing&vho agn2
bought the estate.

It should be noted here that although the lengthipugation affects only the internal structure of
the relevant NPs in both constructions, where axiaterial is added, it did not simply add
prosodic weight. The long NPs inevitably containietier semantic information and more
complex phrase structure than the corresponding Blits. However, the overall syntactic
structure of the sentence is the same for shortanglitem versions and more specifically, the
second-clause VP in the NP/S coordination itemsthhesame across versions and the RC was

the same across versions.
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The long versions of the target materials weresseskfor plausibility simultaneously
with the short versions (section 3.1.2) and waenaed using the same equipment and procedure
(see section 3.1.4). The same phoneme replacemm@dure was subsequently applied to the
recorded stimuli (section 3.1.5). As a result,d@ordings for each short version pair or long
version pair contain the same sequence of phonesitieshe same-length burst of noise in place
of the disambiguating phonemes (for both shortland versions), but have a distinct prosodic
boundary placed either after the first or aftergbeond of the relevant NPs. As for the previous
experiment, the disambiguating prosodic boundagnéed by FO rise and pause) preceded the
region that was replaced by noise.

The complete set of stimuli in Experiment 1b inéddhe same 36 filler sentences used
in Experiment la. (See Appendix and discussioratien 3.1.3.) No length manipulation was
included for the filler items, so the recordingsl @he phoneme replacement procedure were the
same as in Experiment 1a. However, the fillers warged in length and some were comparable
to long versions of RC attachment target itemse(WR/S coordination items had an extra NP
that was expanded.)

The targets and fillers were counterbalanced admsdists, preceded by two overt
practice items with feedback and two additionalriwaup’ items at the beginning of the testing

session. The word choices were the same as in ibxperla (see Table 3-3 for details).

3.5. Experiment 1b: Visual Word Choice + constituenlength
3.5.1. Overview and summary of experimental details

The purpose of Experiment 1b was to investigatetidreand how constituent length
impacts the effectiveness of prosodic boundary@asedao syntactic structure for NP/S

coordination and RC attachment ambiguities in Buigga The dependent measure was the same
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as in Experiment 1a: which of two visually presenterds was selected in response to a
stimulus, in which the disambiguating word was iyt replaced by white noise. The word
choice indicates how the missing phonemes arersgstnd thus which structure is assigned to
the sentence. A summary of experimental detapsasided in Table 3-5 below.

Table 3-5 Experimental details for Experiment 1b:
Visual word choice with natural prosody and constiit length contrast

number details
Participants N=48 age 20-26, 54% female
No participants excluded from experiment on any
criteria.
Task: visual word choice Listen to the sentence and pick the word that was

in the sentence out of two words on the screen.

Target materials: Contrasts:
prosodic break x constituent length

NP/S coordination ambiguity N=24 N1] break:  short (N=6) vs. long (N=6)
VS.
N2] break:  short (N=6) vs. long (N=6)

RC attachment ambiguity N=24 N1] break:  short (N=6) vs. long (N=6)
VS.
N2] break:  short (N=6) vs. long (N=6)

Lists 4

3.5.2. Predictions

On the basis of the previous experiment, the looatf a prosodic boundary was
expected to influence interpretation. Since a subisthe target materials (short versions) was
identical to the materials for Experiments la dreltask and procedure are the same, the results

on these items should be similar to the result® fiExperiment 1a, i.e. responses on both
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constructions should be consistent with the prasodntour of the stimulus, but with an
asymmetry in the effect of N1] and N2] break for.RC

Based on previous research in other language$enigéh manipulation should be
expected to affect participants’ responses, redyitia rate of prosody-congruent restoration
responses for the long-NP versions. According éoRhtional Speaker Hypothesis (Clifton et al,
2006) that effect would be due to listeners bemgsgive to whether a boundary has ‘multiple
justifications’, as discussed above. More spegfedictions can be made, but are quite complex.
For one thing, it is not clear whether the two ¢angions will be affected by phrase length in
the same way. In the earlier experiment, the NBBdination data showed symmetrical effects
of the two prosodic contours, whereas the RC att&cit data pattern showed an asymmetry in
favor of N1] prosody. If the N2] prosodic break R€C-attachment in Bulgarian is inherently less
informative than the N1] break, introducing an éddial ambiguity concerning the motivation
of its presence in the stimuli may result in anregeeater asymmetry in the data with long
constituents.

On the basis of the RSH, it can be predicted thralNP/S coordination the longer NP
conjuncts will weaken the effect of the prosodiedks. If that is correct, the proportion of
prosody-congruent responses should be higher ah\&rgion items that on long version items.

The predictions for RC attachment are differemt¢silisteners were shown to be more
sensitive to N1] prosody than N2] prosody with $loanstituents. It can be expected that
constituent length would weaken the effect of gadsodic break in (16), but possibly to a
different degree. The added NP length may haveseieeffect on the N1] break prosody (which
was more strongly associated with a low-attachrreatpretation in Experiment 1a and where

constituent length would be the only non-structuealson for the break) than on the N2] break
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prosody. In (16d), N1 and N2 are phrased togetlmciwshould favor high attachment, but since
the N2] break (before the RC) was quite weaklyrprieted with short constituents, greater
length should weaken it further, resulting in laggh attachment. In addition, in the long version
items the RC is rather short compared to the preggshrase, resulting in a lack of balance

which might favor low attachment.
3.5.3. Results and discussion

Data for Experiment 1b are reported in Figure 3w as percent restorations (word
choices) congruent with prosodic break locationthercontrasted prosody and NP length
conditions for each construction. The data fromdtkxpent 1a are also included for comparison
in Fig 3-4, as the stimuli used there were a sulilsitte stimuli in Experiment 1b, namely the
short version items in Experiment 1b. The respdinseout for the word choice resulted in a

small (0.4%) amount of missing data.

NP/S coordination RC attachment

100

N2]
congruent

-|:| N1] congruent
. N2] congruent

50%

N1]

congruent
100
N1] N2] N1] N2] Ni] N2] N1] N2] N1] N2] N1] N2]
Exp la short long Exp la short long
Exp 1b Exp 1b

Figure 3-4. Percent prosody-congruent restoraggpanses for Experiment 1a and Experiment
1b.
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Figure 3-4 clearly shows that, as in Experimentti@,majority of phoneme restorations
indicated by word-choice responses in Experimenvéie congruent with the prosody of the
stimulus sentence for both NP/S coordination andaR@&hmentln fact, if we compare the
phoneme restoration responses in Experiment 1théoleft for each construction) with the
responses on short version items in Experimentébtér for each construction), it is clear that
the pattern of data was replicated closely. Fosghitems, participants’ phoneme-restoration
responses (represented by the word choice) matbleexintactic structure indicated by the
location of the prosodic break very closely. Fa MP/S coordination items in particular the rate
of prosody-congruent responses with both prosaalitours was over 90% on the short version
items, as it was in Experiment 1a. An analysisasfance for independent samples shows that
there is no statistical difference between tha mathe two experiments and the two prosodic
breaks, £=3.67,p>.05). For the RC-attachment items the rate ofgugscongruent responses is
slightly lower in Experiment 1b, but still over 8086 average on short-version items. An
analysis of variance for independent samples shbatshere is no statistical difference between
that rate in the two experiments<1). In addition, the difference in the effect of tineo
prosodic breaks is replicatedr=8.32,p<.01).

In summary, it is clear that the data for shortsi@r items replicate Experiment 1a. As in
Experiment 1a, both N1] and N2] prosodies were effgctive in disambiguating the NP/S
coordination items, while for RC-attachment itenig Nrosody elicited significantly more
congruent restorations than N2] prosody. This giascy of results between the two
experiments provides further validation of the ptroe restoration method as a reliable tool for

investigating syntactic ambiguity resolution.
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Now let us examine in more detail the Experimentéata, shown separately in Figure 3-
5 below. The data in Figure 3-5 have been extracted Figure 3-4 for clarity and reorganized,

but are otherwise identical to the Figure 3-4 data.

NP/S coordination RC attachment
100 [ ]
N2]
congruent
|:| N1] congruent
N2] congruent
50% - -
N1]
congruent
100
short long shor t long short long short long
N1] prosody  N2] prosody N1] prosody  N2] prosody

Figure 3-5. Percent prosody-congruent restoratiespanses for Experiment 1b:

Visual word choice with prosodic break and NP langintrast

Fig. 3-5 shows that the length manipulation did ifyotthe strength of the preferences for
both constructions in the visual word choice tasid also that the size of this constituent length
effect differed between the two constructions i ilanner predicted. Namely, the long-version
items had a numerically lower rate of congruentarasion responses for both NP/S coordination
and RC attachment compared to the same type afgéimion items, but the differences are
very small for NP/S coordination and not statidlycasignificant.
As in Experiment 1a, the data pattern for the NBéSrdination items in Experimentlb was
rather symmetrical. With a break after N1] the payscongruent restoration responses were
95% on short-version items and 88% on long-vergams, and with a break after N2] the

prosody-congruent restoration responses were 918hant-version items and 89% on long-
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version items. The differences in the proportiopasody congruent responses did not reach
statistical significance;s (1,44)=0.401p>.05,

F2 (1,20) = 0.38(@>.05. No main effect of constituent length was fduout the analysis of
variance showed an interaction of constituent leragid prosody;(1,44) =8.66p<0.05,
F2(1,20) = 6.14p<0.05. Paired comparison shows that there is attedff length in the N1]
prosody: { (47)=2.25 p< 0.05,123)=2.15 p< 0.05 but not in the N2] prosodt7)=0.79 p>
0.1, £ (23)=0.91 p>0.1.

The effects of NP length in NP/S coordination amnewhat similar to what Clifton et al
(2006) found in English with the same type of maragon (length of NP conjuncts) in a
different coordination ambiguity (main-clause suabjdP-coordination) in a listening study with
alternative paraphrase choice task. They repagrafisant interaction of NP-length and
prosodic grouping: a higher proportion of ‘incoteesponses (i.e. opposite to the prosodic
grouping) with long NPs. They interpret this asdevice that listeners take a prosodic boundary
as less informative about syntax when it flankgyloanstituents than when it flanks shorter
constituents. The numerical differences in the Expent 1b data are in the right direction, and
although the ‘suppression’ of the prosodic bounddfgct was quite small with N1] prosody and
even smaller with N2] prosody, there was a sigaritdnteraction of length and prosodic
phrasing, just as in Clifton et al. (2006), so RfeH explanation may thus apply to the current
findings. The smaller effects may be due to thé tfaat the coordination construction here is
inherently different from the one tested by Clifetnal. The contrast in prosodic grouping
established by boundary placement in their studyitisin one greater syntactic constituent
(main-clause subject), whereas in the current exygert that is not the case. The two prosodic

groupings place coordination not only in a difféareyntactic category (object vs. subject) but in
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a different clause, since the prosodic boundargades with a clausal boundary in both
prosodic conditions. The prosodic cue here maybgtominent to be overridden by length
effects. Also, the task was different. In their estment, Clifton et al. (2006) had participants
first indicate that they understood the utterameel @ lever); then they saw the two paraphrases
and had to pick the one that matched their undsistg. In the visual word task participants
heard a sentence and picked a word that wassa they did not have to keep the sentence in
memory that long or consider two alternative intetations.

For the RC-attachment items, as was tentativgbgeted, the effect of the length
manipulation was very different in size for the tpn@sodic conditions. With the N1] break
prosody, the rate of prosody-congruent restoraggponses was 89% on short-version items
and 87% on long-version items. With the N2] breadspdy the difference was more dramatic:
prosody-congruent restoration rate was 83% on skesion items, but only 59% on long-
version items. An analysis of variance shows a reffect of prosodyi(1,44) = 55.2p<0.001,
F> (1,20) = 13.0, p<0.001 and a main effect of camstit lengthF,(1,44) = 15.2p<0.001,
(1,20) = 41.5p<0.001 as well as an interactidh(1,44) = 27.4, p<0.001,,8,20) = 11.8,
p<0.001. Further comparisons confirm that N1] bneadsody was not affected by the added
length (R (1,44) = 0.522 p>0.F2(1,20) = 0.609 p>0.1) and that added length aftecte
performance with N2] prosodic break (#,44) = 25.5 p<0.00E,(1,20) = 12.4 p<0.005).

The further suppression of the disambiguating pai¢ine N2] break for RC was not
unexpected, since evidence that it is weaker thaitl] break as a prosodic cue for
disambiguating RC-attachment in Bulgarian was presethe data from Experiment la.

Constituent length obviously interacts with thetéa¢hat causes the asymmetry, but the none of
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possible explanations of that asymmetry considereection 3.4.3. could difinitevely account
for it.

Consider the alternative phrasing of the NP/S doatthn in (17) below based on the
interaction of the three constraints on prosodguised in section 3.3.4.
(17)
a. (Nakraia) (sreshtnahme Ani) ||(Ivan iMimi) (biaha vavvaztorg).

Inthe end meet-past-1p.pl Ani  and Ivand children-det were in ecstasy
1Pr wd 2Pr wd Il 2Pr wd 2Pr wd

In the end (we) met Annie and Ivan and the chilavere ecstatic.

b. (Nakraia sreshtnahme)(Aneta Markova)|Maylo Stavrev)(iMariela Peeva) |} (biaha vasaztorg).

Inthe end meet-past-1p.pl Aneta Markovand dvaylo Stavrev and Mariela Peeva were inasgs

2Pr wd 2Pr wd I 2Pr wd 2Prwd |} 2Prwd
In the end, we met Aneta Markova and lvaylo Staanel/Mariela Peevavere ecstatic.

c. ( Nakraia sreshtnahme) (Anilvan) || i_( Mimi) (beSevav vaztorg).
Inthe end meet-past-1p.pl Ani and Ivand aildren-det were in ecstasy
2Pr wd 2Pr wd Il 1Pr wd 2Pr wd

In the end (we) met Annie and Ivand the childremnvere ecstatic.

d. (Nakraia sreshtnahmpjAneta Markova) i( lvaylo Stavrev) || (Mariela Peeva)(beSe vaxaztorg).
Inthe end meet-past-1p.pl Aneta Markovand dvaylo Stavrev and Mariela Peeva were inasgs

2Pr wd h 2Pr wd 2Pr wd 2Pr wd 2Pr wd
In the end, we met Aneta Markova and lvaylo Stasrnel’Mariela Peevavas ecstatic.

Both long versions satisfy the clause edge aligriroenstraint like the short ones and
both allow an additional prosodic boundary (possasi IPh) in the locations markeg),(which
may be motivated by an interaction of a length trair#t that requires a break inside a long clauskaa
sense unit constraint that requires the coordingfesibe phrased togethBXerhaps the constraints are

not strictly ranked but rather balanced acrossl$evieprosodic structure. The wrap /sense unit
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type constrain maybe operates strongest on thedéweords and then gradually weakens for
higher constituents, while edge the alignment gangtoperates strongest at the level of clauses
and need not apply to clause internal breaks amdptimal length constraints may be the
balancing mechanism. Speculations aphetfwo long versions will haulie sameiolations of the
constraints, albeit in a different position. Thiayraccount for the fact that symmetric effectsralpdic
break location for NP/S coordination persist in &iment 1b.  Now consider the possible

phrasing of the RC attachment in (18) below.

(18)
a. ( Podtseniha advokata) || peaitsata) (koiato kupi imenieto.)
Underestimate-past lawyer-m of einly who-m  buy-past estate-det

2Pr wd Il 1Prwd 3Prwd
(They) underestimated the lawyer of the singer bdwmht the estate

b. ( Podtseniha) ;; (dreldkia advokat) || (nmaSumialata pevitsa) ?}} (koiato kupi imenieto.)
Underestimate-past small framed lawyer-ni newly-famous singer-f who-f  buy-pasttate-det

1Prwd 2Pr wd Il 2Pr wd 3Prwd
(They) underestimated the small-framed lawyehefrtewly famous singer who bought the estate.

c. (Podtseniha)  (advokata _pevetsa) || (kojto kupi imenieto.)
Underestimate-past lawyer-m of singer- who-m  buy-past estate-det

1Pr wd 2Pr wd Il 3Prwd
(They) underestimated the lawyer of the singer bdwmht the estate.

d. ( Podtseniha) |, (dreldkia advokat) ?|; (nanaSumialata pevitsa) || (kojto kupi imenieto.)
Underestimate-past small framed lawyer-m of newly-famous singer-f who-m  buyspaestate-det

1Pr Wd 2Pr wd 2Pr wd 3Pr wd

(They) underestimated the small-framed lawyehefrtewly famous singer who bought the estate.

The two long version phrasings have an IPh atitjie¢ edge of the main clause, and both
may allow the alternative break (marked ?}}) fagtl reasons, though it will tend to be avoided
(i.e. other positions will be preferred, such asrathe main clause verb) and will likely not be an

IPh break. The phrasing in (18d) may be less baldtitan (18b), since it has three intermediate
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phrases in one intonational phrase and only otleeiother, whereas (18b) has two in each but a
similar disbalance is present in the short versi&osthe three constraints cannot account for the
difference in length effects.

Prosodic visibility may account for the declinehigh attachment interpretations as it has
the ‘gradient’ visibility component but the targeaterials were not designed to test the effect of
smaller phrasal boundaries: the target sentencesaetually produced with an IPh break after
N1 for (18b) and after N2 for (18d) and did not dalre breaks in alternative locations. Gradient
visibility here will have to be determined in dist@ from each attachment size.

These data are in line with a modified versionhaf Rational Speaker Hypothesis, which
includes the assumption made in section 3.3.4ttleadbsencef a predictable / expected
prosodic boundary is also a viable structural &erhaps the absenota prosodic boundary
whose presence would have been motivated by lexogtbiderations is also taken more seriously
by listeners as an indicator of syntactic structhesn the absence of a prosodic boundary whose
presence is not mandated by length consideratiomgrticular, the absena# a pre-RC break
would be more surprising to listeners followingpad NP2 than following a short NP2. Compare

the expectations for the two constructions in th@rtsand long versions in (19) and (20) below.

(19)

a. In the end, we met Aand Ivan and Mimwere ecstatic

Nakraia sreStnahme An i lvan i Mimi biaha vav vaztorg.

Inthe end meet-past-1p.pl Ani and lvan and Mimreni@ ecstasy
Adv \Y N1|| (N2 + N3) V PP]
IPh no IPh

structural structural
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b.In the end, we met Aneta Markoamad Ivaylo Stavrev and Mariela Peeware ecstatic

Nakraia sreStnahme Aneta Markdya i Ivaylo Stavrev i Mariela Peev@aha vav vaztorg.

In the end meet-past-1p.pl Aneta Markova and lv8tkvrev and Mariela Peeva were in ecstasy
Adv v N1|| (N2 + N3) Y, PP]
IPh no IPh
structural / length structural (despitéemgth)

c. short NPstn the end, we met Ani and Ivand Mimiwas ecstatic

Nakraia sreshtnahme Ani i Ivan |[Mimi beSevav vaztorg.
Inthe end meet-past-1p.pl Ani  and Ivan  and Mirabvin ecstasy
Adv V (N1+N2) || [ N3 \% PP]
no IPh IPh

structural structural

d.In the end, we met Aneta Markova and Ivaylo Staarnel’Mariela Peevavas ecstatic.

Nakraia sreStnahme Aneta Markova i lvaylo Staviev | Mariela PeevaeSevav vaztorg.

In the meet-past-1p.pl Aneta and Ivan and Mimi was in ecstasy
end Markova
Adv \% (N1 + N2) || conj [ N3 \ PP
no IPH IPh
structural (despite length) struatu length

In the long versions of the NP/S coordination thescat the two relevant sites balance
balance each other out. For example, in (19b) fieetezeness of the N1] break as a cue to
structure may be weakened when a long phrase medgdut on the other hand the long
conjuncts should boost the interpretation suppdstethe lack of N2] break despite the
alternative motivation. Thus, i.e. the modulatidrtonstituent length on prosody would be
balanced, at least when all NPs are long as itettget items. The same logic holds for (19d).

For the RC attachment the default phrasing for RCRP boosted both cues in (20a) and
devalued both cues in (20c). With the added NPtletigere is an additional non-structural
motivation for a prosodic break in this construstand it affects the two phrasings differently.

In (20b) the impact of constituent length on the ttues balances out in a similar manner as for
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NP/S coordination. However, in (20d) both cuesdmealued by two non-structural alternative

motivations. This may explain the decline in tffeciveness of N2] break prosody as a

structural disambiguator with long version item&xperiment 1b.

(20)

a. They underestimated the lawyetrtloé singer who bought the estate.

Podtseniha advokata ||

underestimate-past  lawyer-m

v N1 ||
IPh

structural=non-default

na pevitsat&koiato kupi imenieto.
of singer-f who-f bagtp estate-det
N2 RC

no IPh
structural=non-default

b. They underestimated the small-framed lawgfethe newly-famous singer who bought

the estate.

Podtseniha drebtkia advokat || na naSumialata pevitsa koiato kupi  imenieto.
underestimate- small-framed lawyer-m  of newly famous singer-f who buy- estate-det
past past

\ Adj N1 || Adj N2 RC
IPh no IPh
structural = non-default structural= non-default (despite of length)
may be length
c. They underestimatdte lawyer of the singewho bought the estate.
Podtseniha advokata  napevitsata || kojto  kupi imenieto.
underestimate-past  lawyer-m of singer-f who-m bagtp estate-det
\ N1 N2 || RC
no IPh IPh
structural structural
default default

d. They underestimatetie small-framed lawyer of the newly-famous singeho bought the

estate.

Podtseniha drebékia advokat na naSumialata pevitsa |kojto  kupi imenieto.
underestimate- small-framed lawyer- of  newly famous singer-f who-m buy- estate-det
past m past

Y, Adj N1 Adf N2 || RC
no IPh IPh
structural structural
default default
length length
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The interpretation of N1] phrasing was not sigrifitly affected by NP length the
‘uncertainty’ of one cue is compensated by reirganent of the other by the same factor. Thus,
at least when all conjuncts are long, the lengtiices on prosodic grouping balance each other
out and both prosodies decisively disambiguatdNtRiS coordination ambiguity with long
conjuncts as well as with short conjuncts. For Rg], prosody in general disambiguates less
effectively, because the cues have default statdsanstituent length undermines them further
via an additive effect. The N2] prosody thus becemnen less reliable as a cue to the intended
RC attachment. Thus, for RC-attachment the lenfitheonouns seems to magnify the
asymmetry in the effect of the two prosodic phrgsjmwhile for the NP/S coordination it seems
to only very slightly lessen their effectivenesmc® the length manipulation is the same in both
types of items, the explanation must lie in théedént kind of mapping between syntactic
structure and legitimate prosodic cues for the ¢aastructions. The next section presents an

experiment that explores the same length effedisdrabsence of prosodic disambiguation.

3.6. Supplementary experiment 1c: eliminating thenformative prosodic break
3.6.1. Overview

Experiment 1c, described in this section, was méento establish a baseline ambiguity
resolution preference for the two target constangiin the absence of relevant prosodic cues
(i.e. a preference based only on syntax, semamtipkausibility), or — since the materials had
been pre-tested for absence of bias (section 3-lit2yight yield performance at chance. For
that purpose, the same materials were used asperitxent 1b (i.e., with NP length contrasts),
but the stimuli for Experiments 1c were recorde@sdo contain no prosodic boundary or other

useful prosodic information, in contrast to thenstii for Experiment 1b. Experiment 1c was
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conducted concurrently with Experiment 1b, but wdsinistered separately to a different group
of participants. Originally, this baseline (neutraininformative) prosody condition was intended
to be included in the same experiment as the Nddqaty and N2] prosody conditions, as was
done in the study by Kjelgaard & Speer (1999). Hesveproducing the target sentences for this
experiment without prosodic clues to the structesailted in very monotonous sounding stimuli
that in the pre-test were judged unnatural soundirjhard to follow?. This motivated the
decision to make the neutral (uninformative) prgsoandition into a parallel experiment rather
than incorporating it into the same experimenthasitformative prosody conditions. It seemed
possible that interspersing informative prosody aedtral prosody could have invalidated the
trustworthiness of the informative prosody for sofmeall) participants, or conversely might
have clued them in to the fact that prosody pravigdevant information and should be attended
to. Either of these would defy the main purposéhefexperiment, whictvas to test the validity

of a new methodology for studying ambiguity resiotand the role that normal prosody in

particular plays in that process.

3.6.2. Stimuli

Experiment 1c used exactly the same sentence alatas Experiment 1b, (i.e. every
target item had a short and a long version), batieated the informative prosodic contour in
the target stimuli. The baseline ‘neutral’ prosedydition was recorded by the same native
speaker (the author) for the long and the shosgiors of the 24 target sentences for each of the
two target constructions (NP/S coordination anda®&chment). The absence of syntax-relevant

acoustic features is illustrated by the exampldsgure 3-6 below.

8 In some cases the judges in the pre-tests needistin to a sentence in the neutral prosody
condition several times in order to understand it.
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a. NP/S coordination
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Figure 3-6. Neutral prosody

This neutral contour had no perceptible prosodeakrat any point, i.e. no pauses or
lengthening, and each word was uttered with a umifp gently falling intonation, described as
monotonous by the listeners/judges in the pre-Basisody should not therefore provide reliable
cues as to how the ambiguous sentence is intedongten the lexical disambiguation is
removed and replaced with noise. An example ohar{s/ersion) stimulus sentence in
Experiments 1a-1b and the corresponding stimulotesee in Experiment 1c is given in Fig. 3-

7 below.
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N1] prosody, coordination as subject of second clause
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Figure 3-7. Informative prosody contours and baseline / redyrosody contour compared.

The stimuli were recorded using the same softwadeegiuipment as for the informative
prosody experiments 1a and 1b, but spoken at eeslate to make sure tonal variation was
avoided. In creating the neutral prosody stimuiletarget item was recorded with the two
possible disambiguating words, but only one versvas ultimately used. For NP/S coordination
ambiguity materials, the lexical content used wasscstently ‘bese’ (singular), because
attempting to pronounce the plural verb after thedt(singular) noun did not foster neutral

prosody. For the RC attachment ambiguity materfed, of the items were created from the
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recording with ‘kojto’, the other half with ‘koiatoagain to align with the last noun, because the
opposite was not conducive to producing neutrasqug.

To complete the stimuli for this experiment, theneseambiguous and unambiguous fillers
were used as in Experiments 1a-b, but only themif2Ziguous fillers were also recorded with
neutral prosody. The unambiguous fillers were idetliwith normal prosody as a way of
screening out participants. The noise replacemeteplure was exactly the same as for the

stimuli in experiments 1la and 1 b.

3.7. Experiment 1c: Visual word choice with neutral piosody
3.7.1. Overview and summary of experimental details

The purpose of Experiment 1¢c was provide a baselitisteners’ interpretations of the
NP/S coordination and RC attachment ambiguitidBulgarian when unaided by prosodic break
location or morphological agreement. In additidrg tonstituent length contrast was included as
a means of isolating pure phrase length effects frontributions of phrase length to the
interpretation of prosodic information. Experimdrttatails are provided in Table 3-6 below.

As in Experiments 1a-b, DMDX was used for preseomadf the test (in a constrained
pseudo random order to each participant) and rewpaf participants’ responses. Participants

were given exactly the same instructions as in Expants la-b.
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Table 3-6 Experimental details for Experiment 1c:
Visual word choice with neutral prosody and constitt length contrast

number Details

Participants N=24 Age 19-28, 67% female
No participants excluded from experiment
on any criteria.

Task: visual word choice Listen to the sentence and pick the word
that was in the sentence out of two words
on the screen.

Target materials: Contrast: constituent length
NP/S coordination ambiguity N=24 short (N=12) vs. long (N=12)
RC attachment ambiguity N=24 short (N=12) vs. long (N=12)
Lists 2

3.7.2. Predictions

Since the location of the prosodic break was angtdisambiguator for both NP/S
coordination and RC attachment in Experiments thaldm the removal of the prosodic break
and any other useful prosodic information mighutes no preference for ambiguity resolution
(performance at chance) or else might effects oflgisyntax-based parsing strategies such as
Late Closure (LC). If that is the case, a prefeeemay be predicted for both constructions: for
NP/S coordination, NP coordination over S coordomapreference, such as was found for
Dutch in silent reading (Hoeks et al., 2002), mestéd in a preference for parsing the NP
coordination in the first clause object rather thfa second clause subject; for RC attachment,
LC would favor low attachment of RC.

Constituent length effects could be observed, sinaefactor has been shown to affect
ambiguity resolution preferences in general andag shown to modify the effectiveness of

prosodic disambiguation in Experiment 1b. For N&dSrdination with normal prosody, the
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length of the conjunct NPs (all three were complarablength) did not reach significance as a
main effect, but showed up as interaction with pdis break location, in particular for N1]
prosody items, for which congruent restorationstvaiernvn more. It is possible that in the
absence of prosodic breaks the length factor maygyaminence. However, there is no basis
for making predictions as to which direction it nsyay the results. For RC attachment the
phoneme restoration data with natural prosody ipdéxnent 1b showed that interpretation of
the RC was affected significantly by constituemigih, so a similar effect might be expected

with no prosodic breaks: longer NPs favor lower &@chment.

3.7.3. Results and discussion

The data from Experiment 1c are presented in FigtBdelow. The data are coded as
percent phoneme restorations (measured by word@ehaidicating syntactic structure) that are
compatible with each of the alternative prosodialirlocations in the informative prosody
experiments. This was done for consistency anddorparison with the data from the other
experiments, as there were no firm expectatiorssferred interpretation associated with the
neutral prosody. A pre-imposed timeout for respngdo the visual word choice resulted in
0.8% of missing data for the visual word choicewitutral prosody. Figure 3-8 also includes
the data from Experiment 1b for comparison.

Overall, the neutral prosody data was not as aaaes the data from the parallel task
using stimuli with informative prosodic breaks. éan be seen in Figure 3-8 , the absence of a
prosodic break resulted in a different patternesfponses compared to the informative prosody
conditions, falling roughly in between the preferes obtained with an N1] and with an N2]
prosodic break. However, a single mean t-testssizdi analysis shows that responses were not

at chance levels.
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Phoneme restoration responses: Experiments 1b and 1c
NP/S coordination RC attachment

oN1)
restorations

mN2]
restorations

100%N1] restorations 100% N2]
|

short long short long short long short long short long short long
N1] break N2] break no break N1] break N2] break no bre ak

Figure 3-8. Phoneme restoration responses withrirdtive and neutral prosody and added
constituent length (Experiments 1b-c).

For coordination materials, the mean object coa@titom rate was significantly different
from chance (presumed 50%) for both the short-sargems at 36.2 %,(23)=-3.51, p<.01f,
(23)=-2.81, p<.05) and the long-version items at 38.8¢23%)=—-2.64, p<.05}, (23)=-2.60,
p<.05). Also for the RC attachment responses, itjfe &ttachment rate with short-version items
was 37.8%, significantly different from chan¢g3)=-3.54, p<.01f, (23)=-2.71, p<.05), as
was the 27.2% high attachment response rate witpversion itemst{(23)=-6.74, p<.001t,
(23)=-4.07, p<.05). For NP/S coordination constituengtarhad no effect on ambiguity
resolution with neutral prosodif;(1,22) = 1.01p<0.325,F,(1,20) = 0.075p<0.78, whereas for

RC attachment constituent length had a significapgct on how the ambiguity was resolved:

F1(1,22) = 5.89p<0.05.
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In effect, the neutral prosody condition yieldeeafic preferences for ambiguity
resolution of both NP/S coordination and RC attaghinin this task. Interestingly, these
preferences are in the same direction as obserithchw N1] break in Experiment 1a and 1b
using the same visual word choice protocol. FoiRRBeattachment ambiguity that amounts to a
low-attachment preference in the absence of otles,avhich is in line with a general Late
Closure parsing strategy. In fact, Kielgaard andeB§1997) report an advantage for LC in the
neutral prosody. For the NP/S coordination ambyjgunowever, Late Closure would dictate that
the second noun be parsed in the same phrase fastheather than in a new one, i.e. LC
predicts the opposite preference to what was obdettrmight be argued that some remnant
transitional cue could conceivably have biased¢selts since the recordings that were used for
the phoneme replacement were the sentences witbfdhe alternatives. But while the fact that
agreement with N2 was used for RC attachment itgmgd in fact boost the low attachment
preference which was observed, the fact that samguhs used in NP/S coordination items
should have given an advantage to the NP coordmatithe first clause (leaving singular
subject in the second clause) the opposite waslcthbservedin any case, great care was
taken to remove such cues (by excising parts afgalieg and following phonemes along with
the disambiguating phonemes in the target word),aapretest with sentence fragments was
conducted, in which listeners were unable to télicl word had been spoken and noise-
replaced when it was presented without prior canfBxerefore, we must seek another
explanation for this unexpected early closure pegfee for the NP/S coordination materials in
the absence of disambiguating prosody.

A recent ERP study (Pauker, ltzhak, Baum and S#eieh(2011) specifically tested the

effect of inappropriate absence of boundary vsirthppropriate presence of boundary and
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found that while both are dispreferred in an acaiiity judgment task, but the associated ERP
components indicate that mentally deleting a bounaotathe input may be more costly than
inserting a structural boundary which was not presethe input. It is possible therefore that the
participants in Experiment 1c are assigning prassttucture to the input they receive. But
while they follow LC for RC attachment they don&esn to for NP/S coordination.

It is possible that the lack of prosodic groupingpacts how successfully the sentence is
parsed by the listener. When the three nouns dreeparated into a specific grouping by
prosody, i.e., as N1/ (N2+N3) or as (N1+N2) / N&eners may interpret the neutral prosodic
phrasing as a sign of a 3-way coordination (N1+N2xMnd consequently would assume that
the following verb must be plural — even though thaes not yield a stable syntactic structure
for the whole sentence. This is compatible withabsumption suggested earlier, that the
absence of an expected prosodic break (as is eghairthe end of a clause) is treated as
meaningful information, signaling in this case thatclause edge is present.

However, if that is indeed what participants arengpthen they are in fact disregarding
the material that comes before the first conjunct anly constructing a partial structure for the
latter part of the sentence. Possibly this localetjard of global syntactic wellformedness is
open to an account in terms of short-term memaonytditions, and could be taken as indirect
evidence that prosodic information is essentighaefficient mental structuring of speech input.
The preference for low RC attachment observed peBment 1c is compatible with such an
account, as is the finding that longer NPs yieldente low attachment responses. When hearing
the materials with informative prosody listenergavguite successful in parsing them and using
the location of prosodic breaks to deduce the oedrstructure. Lack of informative prosody on

the other hand hampers grammatical structuring@friput and keeping it in short term
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memory, so listeners are struggling with the venyie task and are only partially processing the
material. This is only speculation, however. THara cannot be made with confidence on the
basis of the results from Experiment 1c, becaugmss$ible experimental differences that were
not controlled in this study. For example, as nateskction 3.7, the neutral prosody stimuli
were spoken at a slower rate than the stimuli wéatural prosody and such slow speech rate

might impair on-line comprehension.

3. 8. Summary of visual word choice experiments

Overall, participants’ performance in the visualrd/choice task validated the phoneme
restoration method as a tool in sentence processsegarch and in particular for exploring the
role of prosodic information in ambiguity resolutiol' he informative prosodic contours,
containing disambiguating prosodic breaks, resuheavery high proportion of prosody-
congruent restorations for both the NP/S coordimasimbiguity and the RC attachment
ambiguity. The data reflected the difference betwibe two constructions with regard to
prosodic disambiguation. As expected, both prosbrbak locations disambiguated NP/S
coordination equally well, while the N1] prosodmntour was more effective for disambiguating
RC attachment, as reported for other languagesdateealso showed the predicted constituent
length effects on ambiguity resolution. The neuttahinformative prosody data was less clear-
cut, but in general confirmed the importance ofspadic facilitation in ambiguity resolution.

It was of interest to find evidence supporting éissumption that both breaks and absence
of breaks are treated as meaningful, which corebto the explanation of the natural prosody
data. It may even be applicable to the way spokputiis structured in general. Assuming that
the function of a prosodic break with respect totay (which should hold for any type of break

whether between words, phrases or clauses) isafigforemost to separate two adjacent
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constituents that do not form a larger syntactiestituent and unite two adjacent constituents
that do form one, syntax prosody alignment in paysian start with a simple decision at the
edge of each constituent (however minor) basedlmnaay distinction cue: no break means
continue structure and a break means separat@disaity in structure).

From a methodological perspective, it must be nthatvalidating the phoneme
restoration as a tool in sentence processing isardined to investigations of prosody. The
method may be applied to investigate other factach as semantic priming or pragmatic
plausibility. It can also be incorporated in othesks besides visual word choice and was in fact

tested in two elicited production task experimehtg are presented in Chapter 4.
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CHAPTER 4
EXPANDING THE PHONEME RESTORATION PROTOCOL.:
PRODUCTION EXPERIMENTS

4.1. Two experimental protocols for elicited produtton with phoneme restoration

4.1.1. Justification for using elicited production

The experiments presented in Chapter 3 showeghuateme restoration can be a viable
tool in sentence comprehension investigationsalt successfully employed as a measure of
prosodic effects in ambiguity resolution, produciegults that are comparable to published data
obtained with well established methods and it matgptially be applied to study the effect of
other factors besides prosody. The visual wordaghtask that was used in experiments 1a, 1b
and 1c has several advantages, as was discusSbayer 1, especially in a study focused on
prosody. In particular, it is an improvement oveugstionnaire task, because it eliminates the
actual question, which is additional material togass involving extra syntactic, semantic-
pragmatic and prosodic representations that dakydsponse and may potentially introduce
biases. The visual word choice task diminishes &im$es and pulls the response closer to the
stimulus, even though it is still a post-sentemmsk twhich does not yield data on the time-line of
processing ambiguity. A potential disadvantagéa tlisplaying the two potential target words
on the screen to choose between may convey taiparis at least a hint that two different
wordsmighthave been compatible with the stimulus. The negichl step, then, is to try to
eliminate even this modest element of awarenessepart of participants, by a change in the
task by which participants’ phoneme restoratiomsravealed in their behavioral response. The
experiments presented in this chapter attempt thiddy expanding the phoneme restoration

protocol to two new tasks: sentence repetitionsemence shadowing. The experimental
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protocols and some of the data were first presentpdrt in Stoyneshka, Fodor, Fernandez,

2010.

4.1.2. Implementing the phoneme restoration teekiq two production tasks

Sentence repetition task

In the Sentence Repetition protocol, the task repeat the sentence aloud immediately
after hearing it. This task is also known in thierkiture a®licited imitation.lt is widely used
with children (e.g., Lust, Flynn, & Foley, 1996)dasecond language learners (e.g., Bley-
Vroman & Chaudron, 1994). In this study the depehdeeasure was the frequency with which
the noise in the critical word in the input waslaged in the participant’s output by a phoneme
(or phonemes) that created a word compatible wighsiyntactic structure favored by the

prosodic phrasing.

Sentence shadowing task

The speech shadowing task was first used to irgastimapping from sound onto
meaning by Marslen-Wilson (1973) who adopted teenéue from earlier wofR. In speech
shadowing the listener reproduces the input whillecentinuing to hear and process the
remainder of the sentence or passage. For Marslsoii\the most significant aspect was the
discovery of a small proportion of “close shadowerko could repeat back material at a lag of
only 250-300 ms, with evidence of processing atstjrgactic and semantic levels within that
brief time-span. In a series of subsequent expeatisnsummary in Marslen-Wilson, 1985), he

compared shadowing of normal prose, syntacticadlif-formed but semantically uninterpretable

“‘Marslen-Wilson (1985) credits Christovich (1960}wiirst use of the task and discovering
the phenomenon of close shadowing, but notes thastGvich used primarily shadoing of
isolated syllables.
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prose, prose where only word order constraint®hserved without syntactic or semantic
structure, and Jabberwocky prose in which not éeeical content is retained but it is
‘prosodically and phonologically intact'.

Of interest for present purposes is that Marslefsdi (1975) observed spontaneous
restoration of contextually appropriate phonemgsacge of actual but contextually incorrect
phonemes, in the shadowing of normal prose. Fameilg the non-wortbmorranewas
frequently reproduced @asmorrow; andtravedyastragedy when the sentential context was
syntactically and semantically supportive.

Additional observations reported by Marslen-Wil§@885) may also be relevant to the
present research. He notes that the close shadowaissstudy “tracked the prosodic contour of
the message as they were repeating it” (Marslersdijl1985: 58) and separately that when
distant shadowers were pushed to shadow closely,“thtravesty of normal speech, an
incomprehensible muttering that roughly presentedarosodic structure of the original”
(Marslen-Wilson, 1985: 58). These observationscaidi that the sentence shadowing task will
be sensitive to sentence-level prosody, which eragms anticipation that it should be a sensitive
tool in the current research on prosody-based amtigigesolution.

The shadowing experiment described here differeh fMarslen-Wilson’s in three ways.
It presented individual sentence stimuli rathentlianger passages. As targets for restoration it
employed noise-replaced rather than inappropriat@e@mes. The restoration-supporting context
was prosodic rather than syntactic/semantic. AkenSentence Repetition task, the dependent
measure was how often the noise in the input walaced in the participant’s output by a
phoneme (or phonemes) that created a word comeatikh the syntactic analysis cued by the

prosody.
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4.2. Materials and procedure

Materials

The elicited production experiments presented heeel a subset of the target materials
for the visual word choice experiments reporte@lrapter 3, namely the short versions. The
length manipulation was not included in these tatproduction tasks, because the primary
purpose was to compare the efficacy of these ptamutasks compared with the listening
comprehension task of experiment 1a. Productidtstpat different demands on participants. In
particular, greater sentence length could maké&éhnes more difficult to remember and
reproduce, resulting in a high error rate and henissing data. Given the more demanding
nature of the procedure, the target materials wezsented with a reduced number of filler items
(the 12 ambiguous fillers only) so that the tessegsion would not be too lengthy. Also, as
before, each set of target constructions (NP/Sdination and RC-attachment) served as fillers
for the other. Larger-scale studies may be conduatéuture.

The target stimuli consisted of 24 NP/S coordimattems and 24 RC attachment items,
each with two natural prosody versions with conings(informative) prosodic contours and one
neutral (uninformative) prosody versiofhe ambiguous reflexive/possessive particle 8lisee
Chapter 3, section 3.1.3&)so had two natural prosody versions with conimggtrosodic
contours and one neutral (uninformative) prosodgie@. In order to make the design parallel
and allow for comparison of the data collected wiiffierent tasks, naturalness of the prosodic
contour was a between-subjects factor in the etigitroduction experiments as it was in the
visual word choice experiments. Specifically, thegets and fillers with the two contrasted
natural prosodic contours were used in Experimangd also in Experiment 3a,

counterbalanced across two lists (12 items for éaget construction in each of the two
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experimental conditions). The neutral prosody tergad fillers were used in Experiment 2b and
Experiment 3b, in a single list.
Each list of targets and fillers was preceded by dwert practice items with feedback,

and two covert fillers (‘warm-up’ items) at the l@gng of the test.

Participants

Participants in the four elicited production expents (72 in all) were all native
speakers of Bulgarian, drawn from the same popmuias participants in the visual word choice
experiments: undergraduate students at the Vae®Biniversity and University of economics
in Varna. Three additional participants took parthe sentence shadowing with natural prosody
(Experiment 3a) but their data was not used becalugeer 25% missing responses (mostly due
to recordings terminated prematurely). The missiata criterion was not applied to reject and
replace participants in the neutral prosody expenits because the proportion of missing data

was too high for reasons other than participantsesponding (see section 4.4.3.).

Procedure

For all the production experiments, participantsestested individually in a quiet room
on a laptop computer, as in the listening comprsioenexperiments reported in Chapter 3. The
presentation was self-paced: when ready, partitsgaressed a button to hear a sentence via
headphones. DMDX controlled the presentation, ihclg the different pseudo-randomizations
of the materials for each participant, and collégarticipant responses. A response time-out for
completion of the sentence recording was set f007#@s from the point at which a prompt for

repetition (a microphone icon) appeared on theescre
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In the sentence repetition task participants haepeat the sentence aloud immediately
after listening to the stimulus. They were toldstart speaking as soon as they saw the
microphone icon on the screen, which was syncheohwith the end of the stimulus.

In the sentence shadowing task participants wédgaaepeat each sentence as they
were hearing it, starting when they saw a microghicon on the screen (synchronized with the
beginning of the stimulus recording.) The instroed were to start repeating the sentence as
soon as it began, and to continue as best as thag through to the end. Their job was to try to
shadow the speaker in the recordings, by speakmgédntence aloud as they were listening to it,

with as little delay as possible.

4.3. Experiment 2a: Sentence Repetition
4.3.1. Overview

The purpose of Experiment 2a was to implement Hmpme restoration method in a
production task that would not require participaotgxplicitly choose a word and no attention
was drawn the possibility that two different wordsuld be compatible with the stimulus
sentence. Instead, they would produce the senteadceling the word which was partially
replaced with noise, and what they produced waanté reveal what structure they had
assigned to the stimulus sentence, and whethestoansistent with the prosodic contour they

were exposed to. Experimental details are providddble 4-1 below.
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Table 4-1 Experimental details for Experiment 2a: Senteepetition with informative prosody

number details

Participants N=24 ages 18-27, 58% female
No participants excluded from experiment
on any criteria.

Task: sentence repetition Listen to the sentence and repeat it back
immediately after hearing it.

Target materials: Contrast: prosodic break location

NP/S coordination ambiguity N=24 N1] break (N=12) vs. N2] break (N=12)
RC attachment ambiguity N=24 N1] break (N=12) vs. N2] break (N=12)
Lists 2

4.3.2. Predictions

As for the word-choice task, the prediction wag fhaticipants would be sensitive to the
prosodic contour of the stimulus as a cue to syiatatructure. Specifically, for the noise-
replaced word in the each stimulus, they shouldiypce predominantly the word that
disambiguates the sentence toward a syntacticsteuthat is compatible with the prosodic
contour of the auditory stimulus.

Further, on the basis of Experiment 1 results,datd for other languages, a greater

effect of an N1] prosodic break can be expectedrforattachment compared to an N2] break.

4.3.3. Results and discussion
Data for Experiment 2a are shown in Figure 4-1. d&gendent measure was which word
was produced by the participant in lieu of the ae®splaced word in the stimulus, from which it

could be inferred which interpretation had beenasga on the sentence. As for Experiments la
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and 1b, the data are presented as percent congru@méme restorations. Missing data in this
task are the result of recordings terminated prarabt (i.e., before the critical word was
uttered) because of the pre-set 7000 ms respanseui. Recordings terminated prematurely
made up 4.4% of the data.

As can be seen from Figure 4-1, congruent phonestenations were again
overwhelmingly more frequent than non-congruenpoeses for both the NP/S coordination and
the RC attachment constructions, ranging betweét &3d 98%. Thus, as expected, listeners in
Experiment 2a were responsive to the prosodic cortbthe stimulus in resolving syntactic
ambiguity. Results were similar in most respecth&listening comprehension data obtained

with the forced choice task (visual word choicexperiments 1a and 1b.
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Figure 4-1.Percent prosody-congruent restoration responsdsxfzeriment 2a: Sentence
repetition
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With regard to detailed effects: Experiment 2a ddwaw again the expected asymmetry for RC-
attachment: N1] prosody had a stronger effect oraR&hment than N2] prosody did (94% and
83% prosody-congruent responses respectivelygépikg with results from Experiments 1a
and 1b (visual word choice) and with findings ohestlanguages as discussed in Chapter 2. The
difference is significant;(1,22)=11.15p=.003;F>(1,22)=14.81p=.001). Also observed was
an unanticipated asymmetry in the data for the diitdination materials, in the opposite
direction from RC-attachment: N1] prosody elicifeder congruent restorations than N2]
prosody (89% and 98% respectivefy(1,22)=17.09, p<.00I,(1,22)=4.66p=.042). This
difference is absent from Experiment 1la and Expenindb (visual word choice) and from
Experiment 3 (sentence shadowing, see below). fgedna Chapter 2 (section 2.3) to my
knowledge no such asymmetry has been reporteailitéhnature on the processing of
coordination. It is possible that the prosodic tuthe N2] condition is more recent and produces
a stronger effect in a task that requires keepingenn memory, since there is a slight rise in
congruent restorations on RC-attachment items M&hcompared to Experiments 1a and 1b. It
is also possible that this is a manifestation pfeference for NP coordination over S
coordination similar to what was found for Dutchsitent reading (Frazier, 1987; Hoeks et al.,
2002). Further experimentation with this constmetis required to check whether this effect
replicates. Even so, the effect of both prosoditt@ars on syntactic interpretation as revealed by
phonemic restorations is highly significant.

As expected, listeners were able to make use giribsodic contour of the stimulus to
resolve syntactic ambiguity. Results were simikarall to the data from Experiment 1 and
comparable to previously reported data on otheguages. Overall, the production data confirms

that location of prosodic boundary effectively aigaguates the intended meaning of NP/S
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coordination and RC attachment in Bulgarian. Theesece repetition task proved a successful
implementation of the phoneme restoration methagofor the study of prosodic effects on
sentence processinig. some respects, this task can be regarded aspnvement over the
visual word choice one. While still a post-senteta=k, the sentence repetition task not only
eliminates the need of a comprehension questidralba (perhaps more importantly) eliminates
the overt word choices that are central to thealistord choice task. By not offering specific
alternative word choices, the sentence repetitrotopol does not draw attention even to the
possible presence t#xical ambiguity in the stimulus. Participants are gimenreason to believe
that there is any uncertainty at all about whatvwioed really was that they were attempting to
hear ‘through’ the noise; their attention is foais& remembering and reproducing the sentence
accurately. Note that in asking them to repeastmence we did not ask them to reproduce its
prosody; the prosody of the stimuli was never nwer@d in the instructions (see Appendix B).
The extent to which the repetitions do match tlespdy of the stimulus may provide additional
insight into the role of prosody in sentence corhpnsion. Some details of participants’
production are presented in Chapter 5.

The overall conclusion is that native speakerswfBrian were able to utilize prosodic
boundary location as a structural cue and produnerahologically disambiguated sentence
with a syntactic structure consistent with the pdysthey heard. The supplementary experiment
described in the next section was meant to prodang&ol data from elicited production without

prosodic facilitation.

4.4. Experiment 2b: Sentence repetition with neutrigprosody

4.4.1. Overview
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The purpose of Experiment 2b was to investigatetdrehe absence of prosodic
boundary disambiguation and other useful prosodarmation would inhibit perception and
production of spoken sentences. The word thatqipatnts produce in place of the noise-
replaced word in the stimuli would indicate whatisture they were choosing when neither
morphological nor prosodic cues were availabldandignal. Experimental details are provided

in Table 4-2 below.

Table 4-2 Experimental details for Experiment 2b: Sentemgeetition with neutral prosody

number details
Participants N=12 age 19-25, 64% female
No participants excluded from
experiment.
Task: sentence repetition Listen to the sentence and repeat it back

immediately after hearing it.

Target materials: Contrast: none

NP/S coordination ambiguity N=24 short only, neutral prosody
RC attachment ambiguity N=24 short only neutral prosody
Lists 1

4.4.2 Predictions

In the listening comprehension task with neutralspdy (Experiment 1c) participants did
not show a strong bias toward one interpretatioreitier NP/S coordination or RC attachment
ambiguity, but they did not perform at chance. Tin@rd choices indicated a low RC
attachment preference which could be due to a Chdsure strategyand a preference for NP
coordination in the second clause, which was cditdtary to the NP coordination over S

coordination preference reported for Dutch. If thegre genuine parsing preferences for the two
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constructions, the production data should replidagen. If it does not, the preferences with
neutral prosody in listening must be related togbecific task as well as the lack of prosodic

disambiguation.

4.4.3. Results and discussion

The data from Experiment 2b are presented in Figt2delow. As was done with visual
word choice responses with neutral prosody, théesee repetition responses with neutral
prosody are presented on a scale from 100% N1] N@)congruent restorations to 100% N2] /
0 % N1] congruent restorations. That is, the de¢acaded as percent phoneme restorations
indicating syntactic structure that is compatibléhveach of the alternative prosodic break
locations in the informative prosody conditionsjradicated by the agreement features of the
word produced by participants in place of the naigetaining word. This presentation facilitates
comparison with the data from the informative pahsexperiment. Fig. 4-2 also includes the

data from Experiment 2a for comparison.
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Phoneme restorations in Experiment 2a and 2b
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Figure 4-2 Phoneme restoration responses with informativersutral prosody: sentence
repetition.

It should be noted that the proportion of missiagadn this task is 22%, which is notably
larger than for any of the preceding experimentsaAvhole, the sentence repetition task had a
larger proportion of missing data compared to tiseal word choice, because participants had to
produce the sentence on cue and the occasionttimsior false start resulted in premature
termination of that response recording (beforectiitecal word was uttered) due to the 7000ms
pre-imposed timeout for responding resulted. Howethe 22% of missing data with neutral
prosody in Experiment 2b (33% NP/S coordinatior?pIRC; attachment ; 21% on fillers) is a
huge increase compared to the 4.4% of missingidd&aperiment 2a with informative prosody.

It is to be hoped that this does not distort thie@mes of Experiment 2b. On a more positive
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note: This may be an indirect indication of thelfttive role of natural prosodic contours in
normal sentence comprehension.

With the neutral prosody, participants in Experitn2n did not produce sentences
disambiguated consistently toward one interpretatiothe other as they did with the natural
(informative) prosodic contours in Experiment 2a.iA the visual word choice task, responses
with neutral prosody pattern in between respons#stire two contrasting prosodic breaks.

Single mean t-tests show that for NP/S coordinatarterials the 46.1% object-
coordination responses were not different from chgassumed at 50%4)((L1)=-1.35,t, (23)=
-1.03) but the 32.6% high RC-attachment responses ma at chance leveth(11)=-4.56,
p<.01;t; (23)=-3.96,p<.001).

The NP/S coordination data pattern with neutraspdy, did not replicate between the
two tasks. A preference for coordination in theosetclause (i.e., N2+N3 grouped) was found
in the visual word choice task, while NP/S coortimaresponses are at chance in the sentence
repetition task. However, it should be noted thate was a much higher proportion of missing
data for NP/S coordination (33%) than for RC attaeht (11%) in this task. This difference is a
product of an oversight in the experimental desigd the fact that, as can be seen by
comparison of the examples in (1) below, the aitdisambiguating word comes later in the
stimuli for the NP/S items (1a) than for RC attaemtitems (1b).

(1)

a. NP/S coordination

Nakraia ~ sreStnahme Ani i Ivan i Mimp; vav vaztorg.
\% N1 conj N2 conj N3 \% PP
In the end meet-past-1p.pl  Ani and Ivan and Mimi **w  in ecstasy
‘In the end, we met Ani and Ivan and Miwere/was ecstatic.’
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b. RC attachment

Podtseniha advokata na pevitsatakfito  kupi imenieto.
\% N1 N2 rel V NP
underestimate-past  lawyer-m of singer-f who* bugtpa estate-det

‘(They) underestimated the lawyer of the sing@io,gn: bought the estate.’

As a result, the pre-imposed timeout cut-off resdiih more prematurely terminated
recordings for the NP/S construction in which th&aal word was among the words that were
not produced. Thus any conclusions from the cumlatd are only tentative and further
experimentation with a more generous time allotéegroduction responses is necessary.

The preference for low attachment of the RC, orother hand, is similar to what was
found with the neutral prosody in the visual wohiice task. It might be due to Late Closure.
However, as was pointed out in Chapter 3 (secti@htBis preference might be an artifact of the
unnatural prosodic contour interfering with norrpatsing and this problem may be exacerbated
in a task that involves production. When recordimg stimuli for the neutral prosody condition
(see section 3.6) it was very hard to produce #selne/neutral prosody in items with the
relative pronoun agreeing with N1. So, if partieifgin the production task are mimicking the
unnatural prosody of the stimulus, they might fiheasier to produce a relative pronoun
agreeing with N2, i.e. low attachment for the rneapronoun. A similar problem of producing
the copula agreeing with a plural subject may rauenteracted the preference found in
Experiment 1c, whether it was a genuine preferem@n effect of the lack of prosodic boundary
in the stimuli. In the latter case, the fact the $timulus has to be repeated may have forced
participants to assign structure to the input dedpie unnatural prosody in order to produce a

grammatical sentence.
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Taken as a whole, the data from the sentence tigpetixperiments point to a difference
between the two target constructions with respebbiv well they are disambiguated by
prosody. For NP/S coordination, the two informativesodies resulted in over 90% prosody-
congruent disambiguation of the utterance by padits and the uninformative prosody data
did not indicate a consistent preference. For R&htnent, both prosodic contours
disambiguated, but the N1] prosodic contour prochpte@re prosody-congruent restorations than
the N2] prosodic contour and the uninformative prysgave rise to a low attachment preference
as is normally associated with an N1] prosodic krea

The repetition task was easy to do with naturaspdy, according to participants’
feedback which will be discussed further in Chaptahough it was apparently quite
challenging with neutral prosody. With some adjuwestits in the recording timeout, the task can
be used successfully to elicit phoneme restorataia which reveal ambiguity resolution biases.

With age-appropriate (simpler) materials it coulsbabe used to collect data from
children who are too young to read well. This i9ssue of interest, because on the one hand
research has shown that infanse prosody to distinguish languages (ChristoplkieMarton, 1998)
andare sensitive to prosodic patterns (Christophé. €2@03; Mazuka, 2007) and on the other
hand that children may be less able than adukstablish relations between prosody and
lexical/syntactic structure (Cutler & J. A. Fod@879). It has also been suggested by Trueswell,
Sekerina, Hill, and Logrip (1999) that children &ss able than adults to integrate non-syntactic
factors of any kind (e.g. visual context) into tham-line syntactic processing. A recent study on
children’s interpretation of contrastive focus indRian (Sekerina and Trueswell, 2012)
underscores this. It shows that in utterances asdiRASnuju polozite balbku v paket’ RED

put butterfly in paper bag’) with fronting of thédjactive from a DP later in the sentence, 6 year
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old children did not utilize the very salient eapipsody (the accented color adjective) to
anticipate the referent, but instead waited to tieanoun. However, children as young as five
have been shown to be capable of phoneme restmdtiewman, 2004). Sentence repetition
with phoneme restoration could be potentially bized to study the developmental course of
prosodic sensitivity in children. For example, inl@arian different types of utterances can be
contrasted in a sentence pair for phoneme restoratiperiment as in (2).

(2)

a. Ivo,daj knigata na Petar.
Ivo give-imp book to Peter
‘Ivo, give the book to Peter’

b. Ivo dal knigata na Petar.
Ivo give-past book to Peter.
‘lIvo gave the book to peter.’

The prosodic contrast in (2) is very salient beeatdifferentiates types of utterance with
different communicative intent: imperative (2a) atatement (289. This prosodic contrast can
be included in the same experiment as a same gperge with different syntax, such as the
NP/S coordination (with simplified content) and adistered to children of different age groups
to investigate whether children fine-tune theidigbto map prosody to syntax as they mature.

Thus the sentence repetition task with phonemenasin has the potential of expanding
the population that can be studied compared teitwal word choice. The next step in
expanding the phoneme restoration protocol isytodt a task that can potentially provide

online data on ambiguity resolution. The experiragesented next attempted that by use of a

%0 A question-statement contrast of this type caa héscreated.
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speech shadowing task, which is an elicited pradad¢ask that can provide a very close

temporal relation between spoken stimulus and spo&gponse.

4.5. Experiment 3a: Sentence Shadowing
4.5.1. Overview

The purpose of Experiment 3a which employed spskaldowing was to collect
phoneme restoration responses that were madesesasqossible to the noise-replaced
stimulus, unlike the visual word choice and sengenepetition experiments reported so far in
which post-sentence responses were collectedthér cespects Experiment 3a resembled
Experiment 2a with sentence repetition, reportealatand the same materials were used.
Experimental details are provided in Table 4-3 belo

Table 4-3 Experimental details for Experiment 3a: Sentest@@owing with informative
prosody

number Details

Participants N=24 ages 19-26, 58% female
No participants excluded from experiment on
any criteria.

Task: sentence shadowing Repeat the sentence as you are listening to it,
trying to follow the speaker as close as
possible.

Target materials: Contrast: prosodic break location

NP/S coordination ambiguity N=24  N1] break (N=12) vs. N2] break (N=12)

RC attachment ambiguity N=24  N1] break (N=12) vs. N2] break (N=12)

Lists 2

4.5.2. Predictions



173

Speech shadowing is a very demanding task, saipeamits were expected to be less
fluent in their output and to use the prosodic dass effectively than in the other two variants
of the phoneme-restoration method. With that cagubatexpectation was that prosodic
information would influence syntactic ambiguity o&gion for both constructions, as it did with
the previous two tasks. More specifically, in plaé¢he noise-replaced word participants would
be expected to produce predominantly the worddisambiguates the sentence toward the
interpretation supported by the prosodic contouhefauditory stimulus. In addition, by the
nature of this task the phoneme restoration resgpntemporally much closer to the
disambiguating prosodic boundary, so the outcomeg provide insight into how rapidly
perceivers can incorporate prosodic information their syntactic parse of the sentence. The
time frame of prosodic effects in parsing has prasly been investigated (e.g. Kjelgaard and
Speer, 1999) in a cross-modal naming task wherengglatencies on a visual probe are used as
a measure of how fast the word is integrated viighauditorily presented sentence fragment. If
the sentence shadowing task produces a similaligeobehavioral measure of prosodic effects
without the use of fragments and different modaditit would be a valuable tool for studying

prosody in parsing.

4.5.3. Results and discussion: phoneme restordttm

Data from Experiment 3a are shown in Figure 4-8Wwelvhich plots percent congruent
phoneme restorations. As for the visual word chaitg sentence repetition experiments with
informative prosody, the data is presented as peomgruent phoneme restorations. The
dependent measure was the same as in ExperimenhRd word was produced by the
participant in lieu of the noise-replaced itemhie stimulus, indicating which interpretation had

been imposed on the input sentence.
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Figure 4-3.Phoneme restoration responses in the sentencewimgdtask with informative

prosody: Experiment 3a

As noted in Section 4.2.3. above, the pre-set 0esponse timeout resulted in some
recordings being terminated before the particiaat produced the critical word. In the sentence
shadowing task missing data is 7.3% of the complataset (10.4% NP/S coordination; 3.3%
RC attachment; 9.5% fillers). The loss of data dae to the same reason as in the sentence
repetition task, but the proportion of prematur@ly responses is higher in the shadowing task
because the time allotted for response starteteateginning of the stimulus, instead of the.end

As Figure 4-3 shows, the majority of phoneme redions in the sentence shadowing
experiment for both NP/S coordination and RC attastt were congruent with the prosody of
the stimuli, with means ranging between 66% and.9686king at the two ambiguities
separately reveals interesting differences. FoiSN#@brdination the rates of congruent

restorations with both prosodic contours were Vegfh, and comparable to those in the other



175

two tasks. Also, both prosodies were equally efifedn cueing the associated syntactic
structure; as in Experiment 1a and 1b, there wassgmmetry between therR;K1; F,<1) as
was observed in the sentence repetition Experi2ent

With RC attachment materials, on the other handgagent phoneme restoration rates,
while still showing disambiguation by the prosodreak location, were dramatically lower than
were observed in the visual word choice and théeser repetition tasks. This was especially
evident for the N2] prosodic break condition, whiére congruent restoration rate is 66.4%. In
comparison, the prosody congruent high RC attachnesponses with the same prosodic
contour were around 83% with the short stimulihe dther two tasks. With the N1] prosodic
break the rate of prosody congruent responsedealdmut the difference is smaller (82.6%
compared to 89% - 94% in the other tasks). Poss#algons for this decline in prosodic
facilitation for RC-attachment are discussed beMihat was consistent for this ambiguity
across the three tasks was (a) that both prosodiours led to a reliable prosody-congruent
syntactic bias in both constructions and (b) thatgrosodic contours were not equally
influential in the two constructions.

In the shadowing task, as in the prior tasks, cosgfrrestoration rates are reliably
different for the two prosodie&{ (1,22)=22.13p<.001;F; (1,22)=5.21p=.033) and showed
the asymmetry observed in both Experiments 1 amaely that N2] prosody has less impact
on ambiguity resolution than N1] prosody. Thougbgmdic disambiguation of RC attachment
by a N2] break was much lower than in the other tagks, it did produce an effect in the
sentence shadowing task as well. Participantsoresgs were significantly different from chance

(presumed 50%) as shown by a single means tH#Hé&B)= 2.27, p<.05t; (23)= 4.49, p<.001).
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Again, the prediction that listeners are sensitovprosodic information in building one
syntactic tree structure rather than another wafirooed, despite the demanding task and the
time-constraints on processing that it imposes.tNette is a striking difference between this task
(Speech Shadowing) and the other two tasks (VMIalk Choice and Sentence Repetition) with
regard to the RC-attachment ambiguity construction.

As noted, in the speech-shadowing task both presddr the RC construction resulted in
rates of congruent restoration that were substgnkmver than for the other tasks. This could
not be ascribed to the difficulty of shadowing apsince a comparable decrement in
performance was not observed for NP/S-coordinaiisra explanations are plausible and can be
examined in future research. One is that RC cocistns are more difficult to process, even
under normal circumstances, than NP/S coordinaogsand that a more demanding task
impacts difficult constructions disproportionatef\nother possibility is that a variety of
impinging factors — ranging from the contrast betweestrictive and non-restrictive
modification, to prescriptive punctuation ruleghe orthography of Bulgarian — render the
alignment between syntax and prosody more fragiléhle RC construction than it is for

coordination, making it less resistant to pressaue as the shadowing task imposes.

Also notable in the Experiment 3a data for the R@eaament ambiguity is that the N2]
prosodic phrasing was especially vulnerable, texdant not fully accounted for by any general
processing problem for relative clauses. Its r&@604% congruent restorations was by far the
lowest in the whole study with short version stimlihe decrement in prosody-congruent
restoration rate for RC-attachment items with N@jgsing was approximately 150% bigger than
for RC items with N1] phrasing. However, this hasaéural explanation, given that speech

shadowing with N2] prosody in the RC attachmentstauttion is the only situation across all
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the experiments in which the participant’s recamston of the critical word is tapped
immediately following the biasing prosodic cue; Ségure 4-4, below, where the relevant

portion is repeated.

N1] prosody, low RC attachment
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Figure 4-4.Location of the relevant prosodic break with respe the noise-replaced word

In the N1] prosody condition, the prosodic breakies earlier and the intervening phrase (‘of
N2’) between the relevant prosodic cue and therason site gives more time (around 600ms
on average, see Table 1) for the prosodic bredlk forocessed before the critical word has to be
articulated. It can be speculated, therefore,tti@particular combination of N2] prosody with

the instruction to shadow closely affords toodittime for prosodic processing to initiate a
reliable phoneme restoration. It may be beneficigdursue this possibility with planned

comparisons in future investigations, because it affer a way of bracketing how long it takes
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for the listener to integrate prosodic cues intogbntence parse — an important question raised at

end of 4.5.2 predictions section.

4.5.4. Close vs. distant shadowing

An early speech shadowing study investigating tkeelmanisms of immediate speech
processing (Christovich, 1960) uncovered an intergphenomenon dubbed ‘close shadowing'.
Apparently, some individuals apparently were ablespeat back the stimulus at 150-200ms
delay (compared to the typical population who skadbover 500ms to over a one second
delay). The fact was exciting because, althouglspieed came at the price of intelligibility,
close shadowers’ performance can be explored &siigate the immediate properties of the
analyses processes that operate on the speechagus heard. Close shadowing was
investigated in depth in the work of Marslen-Wilsarho considered the phenomenon a valuable
resource of information with theoretical significan as close shadowing is presumably
indicative of the minimum time-window over whichetprocess of speech analysis can operate.
With those aims, Marslen-Wilson conducted prelimynstudies to identify close shadowers and
compare their performance with distant shadowesder to uncover what kind of processes are
implicated in close shadowing (see Marslen-Wilsk885 for a review).

The special status allotted to close shadowingenipus research merits the question
whether there were any close shadowers in thertiesgeriment. The utterances recorded in
the shadowing task in Experiment 3a reveal that f@w of the participants were able to closely
shadow the stimulus and probably none can quadifglase’ shadowers in the sense of Marslen-
Wilson (1985). In fact, the smallest mean laterayaf participant was well over 400ms, far from

the 250ms observed by Marslen-Wilson in his cléselswersThe mean latency by participants
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in the current experiment was calculated but ohlyigee points in each item: at the onset of the
stimulus, at the onset of N1 and at the onset of l\2se points were chosen because they
afforded comparable measures in both NP/S coordmand RC attachment items. In the future
perhaps the production data may be analyzed in deieal.

The participants in the shadowing task fall roughtp 4 groups: comparatively close
shadowers (N=4) with mean delay of 554ms; norntal saadowers (N=7) with mean delay of
891ms (less than a second); distant shadowers (Nit®)mean delay of 1.150ms. Finally, there
were very distant shadowers (N=4) with mean def&gbdms who rather consistently adopted a
strategy of waiting for the stimulus sentence td @r at least waiting to hear the majority of it)
before they started speaking, so they were esgmgpeating the stimulus sentence, not
shadowing it.

The observation that there were no close shadaweings experiment is not surprising,
since in order to identify the 8 close shadoweas kie later used in his research, Marslen-Wilson
conducted a rigorous screening study where 65ggaattits were trained in the task (first
familiarized with the procedure, shadowing at timaitural speed, afterwards asked to shadow
closely). The participants in the present experis@rere not pre-screened in any way, nor were
they trained extensively in the shadowing task.ifTinaining was part of the procedure at the
time of the experiment and consisted of a limitachber of practice items (which they could go
over a few times. Nevertheless, there were sonteipants in the sentence shadowing task who
were evidently trying their best to shadow closely.

Another reason for these longer latencies may beehttributable to a difference in the
task. Participants in Experiments 3a and 3b wesd@hing single sentences, rather than

connected prose consisting of several sentendesMarslen-Wilson’s studies. They had to
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resume shadowing anew for each sentence, whichadidllow them to establish a comfortable
but rapid pace and maintain it. Perhaps for thataoa there was a lot of variability in individual
performance. In future work this could be avoidgcembedding target sentences in paragraphs.
In the end, the validity of the prosody congrugmbireme restorations data collected in
Experiment 3a as a measure of prosodic effectsrimgaity resolution is not contingent on
whether the participants were shadowing particuleldsely. Marslen-Wilson compared 7 of the
close shadowers to a control group of distant sivadoin a series of studies and reached the
conclusion that there is no difference in the deptbxtent of perceptual processing between
close and distant shadowers. The participants pekment 3a were able certainly able to use
prosodic information in the stimulus to assign agtit structure to the input. For NP/S
coordination in particular they restore the phongthat coded morphological agreement for the
structure supported by prosodic break location 8086 of the time. Also, despite the
demanding nature of shadowing, participants do miime prosody of the stimulus to a certain
extent, even when they are shadowing comparatotelely, as illustrated in Figure 4-5 below.
The marking of a prosodic boundary at the relel@edtion is confirmed by the FO rise on N1
and the following pause in this particular ptodostioken. However, the shadower is not by any
means producing a normal prosodic contour: thelengthening at a number of places, for
example, which was probably used as a time tanligsighe whole following phrase before

producing it.
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Stimulus

Nakraia sreStnahme _Ani _ i lvani Mimi
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Figure 4-5. Sample shadowing token of comparatively closeleiing (mean delay of 550ms)
of NP/S coordination item.

This is just one example of what a shadower isgloirthis task. The production data
that was collected has not so far been analyzdeétal, because the main purpose of this
research was to determine if each task can beassadool in sentence processing research.
The prosody congruent phoneme restorations dafammotat it is indeed a useful tool for
assessing prosodic effects in parsing. The prooluctata can be a valuable source of
information in a research on prosody because itiges (or at least can provide) an online
measure of prosodic effects. The shadowers in lxpet 3a (with the exception of the 4 very
distant shadowers) were responding closer to theikts than participants in the sentence
repetition task and as example in figure 4-5 sheven untrained participants are capable of

shadowing relatively closely at least some of theet (Performance was not consistent across
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items, possibly because of having to start shadpwairew for each sentence.) Despite the
variability, the production data from Experimentcza when analyzed shed some light on the
timeline of prosodic effects if they reveal the ghst delay range at which prosody congruent
restorations occur most of the time before thatstmeing possible

The shadowing task proved to be a valuable toabfidine investigation of the
contribution of higher-level factors such as syrdad semantics in speech processing research
(see Marslen-Wilson, 1985) and shadowing latenma@sbe equally valuable as a measure of
how rapidly prosodic information can influence gyatactic parse while avoiding the cross
modality integration of a lexical probe (see Kiglghand Speer, 1999). In order to achieve that
potential, however, the dataset for investigatieads to be streamlined by discounting the
productions of the very distant shadowers and psrfiading ways to elicit closer shadowing.

The subsidiary experiment reported in the nextiee&xplores how participants cope

with the shadowing task in the absence of prosodiccmation.

4.6. Experiment 3b: Sentence shadowing with neutrgdrosody

4.6.1. Overview

The purpose of Experiment 3b was to investigate thmalack of prosodic boundary
disambiguation would impact the closely time-lockedception and production of spoken
sentences in the shadowing task. The word prodnceldce of the noise-replaced word in the
stimulus sentence is would indicate whether spakeut is structured more or less immediately
upon receiving it when it is morpho-syntacticalijl@guous and there is no disambiguating

prosodic information. Experimental details are jided in Table 4-4 below.



183

Table 4-4 Experimental details for Experiment 3b: Sentesttgdowing with neutral prosody

number Details

Participants N=12 age 19-24, 64% female
No participants excluded from
experiment.

Task: sentence shadowing Repeat the sentence as you are listening to
it, trying to follow the speaker as close as
possible.

Target materials: Contrast: none

NP/S coordination ambiguity N=24 short only, neutral prosody

RC attachment ambiguity N=24 short only neutral prosody

Lists 1

4.6.2. Results

The data from Experiment 3b are presented in Figt6a below. As with the other
experiments with neutral prosody, the sentenceshiag data are coded as percent phoneme
restorations indicating syntactic structure thataspatible with each of the alternative prosodic
break locations in the informative prosody condisipindicated by agreement features of the
word produced by participants instead of the naised. This facilitates comparison with the
data from the informative prosody conditions in Exment 3a. The data from both shadowing
experiments is included in Figure Fig. 4-6 for cenence.

Missing data, i.e., participant response recordiegsinated prematurely before the
critical word was uttered because of a pre-setrodeg timeout made up 39.9% of the responses
for the sentence shadowing with neutral prosod rRte is extraordinarily high, even compared
toi the 22% missing data in the sentence repetiisk with neutral prosody (Experiment 2b)

and it is several times more than the 7.3% in &mesrce shadowing task with natural prosody
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(Experiment 3a). This is due to a combination af te&asons. First, the pre-set timeout
unfortunately did not allow much time for falserssaand hesitations on the part of participants,
in addition to which the allotted response timéhiis task was tied to tretart of the stimulus
recording, which made the cut-off earlier. Seconthig unnaturally flat prosodic contour of the
stimulus may have slowed down the shadowers irntaisis resulting in an even higher
proportion of prematurely terminated recordingpeesally for NP/S coordination, where around
60% of the recordings were terminated prematufmlyalso for the RC items which had 18%
missing data. Unfortunately, it was not possiblegiglace so many participants, but the partial

recordings provided some useful data, which isntepldn Chapeter 5.

NP/S coordination RC attachm ent

o N1J
congruent

mN2]
congruent

I l

N1] N2] no br eak N1] N2] no bre ak
prosody prosody

Figure 4-6. Phoneme restorations with informatind aeutral prosody in sentence shadowing
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As for the previous two experiments with neutralgudy reported in this research,
neutral prosody responses on this task patteretimden responses with N1] and with N2]
prosodic breaks.

Single mean t-tests show that for NP/S-coordinainmse responses which indicate a
preference for NP coordination (N1+N2) in objecsipion are significantly different from
chance (presumed at 50%) by both subject and it€hi}=2.60, p<0.05t,(23)=3.69, p<0.005
and for RC-attachment the 40% high attachemtn resgsoare also not different from chance
t1(11)=-2.17, p<0.08,(23)=-2.74, p<0.005).

The very high proportion of missing data in Expezimh3b obviously dictates caution in
interpreting the results. With that caveat, theeesdill potentially informative details in the
neutral prosody data. The data pattern in the shiagatask is different than in the sentence
repetition task. In particular, the 46.1% objectiwbnation responses on NP/S coordination
items in Experiment 2b (sentence repetition withtred prosody) were not statistically different
from chance and the 36.2 % object-coordinationareses in Experiment 1c (visual word choice
task with neutral prosody) showed the oppositegoegice.

Therefore, it is possible that there is an effé¢tisk for NP/S coordination. Perhaps the
different demands of the three behavioral taskd psdl preferences in different directions. In
the visual word choice task the ‘no break’ conditinay be interpreted as (N1+N2+N3)
grouping of conjuncts resulting in more plural vehwices (see section 3.7.) In the shadowing
task on the other hand, participants’ productios tieafollow closely the stimulus and
participants may tend to respond very locally, pi@dg a singular verb more often as it
immediately follows a singular noun. Possibly, ¢lileuping of constituents (which in normal

speech is signaled by prosody) is essential fa@ipgicoordination and when that essential
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prosodic grouping information is missing, the listeis stumped and struggles to cope with the
unstructured input.

On the other hand, the 40% high attachment respans&C attachment items in the
sentence shadowing task reproduced the resultweitttral prosody in the other two tasks. It is
comparable to the 37.8% high attachment respowseshprt items) in Experiment 1c and
32.6% in Experiment 2b. For the RC attachment amtyigon the other hand, the data pattern
was consistent across tasks. The low RC attachpnefdgrence may be accounted for as an effect
of Late closure which shows up in the absence ohtay-evidence, though the effect may be

compounded by the unnatural flat prosody in thepeements.

4.7. Summary of the production experiments

Overall, participants’ were able to use the reléyansodic cues to disambiguate the
utterance they heard and reproduced. With inforregirosody they produced a very high
proportion of prosody-congruent disambiguationssThakes the production tasks promising
for future research, at least with natural sounditguli. The sentence repetition task makes a
nice addition to experimental techniques on amiygesolution and prosodic effects, because it
is a task that could be administered to childreoliserve how sensitivity to prosodic
information develops with age. Of course, the malewill have to be modified, especially to
limit the memory demands. But the task itself m@ie and can be accomplished by children:
there is evidence in the literature that childrem@apable of phoneme restoration as young as

age 5 (Walley, 1988; Newman, 2004).
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The shadowing task needs to be improved if it iseganaximally useful in future. The
technical parameters need to be fine-tuned to dwesidg crucial data, as noted. But also, it is
essential to elicit comparatively close shadowimgrder to achieve the promise of tapping into
the fine-grained time-course of prosodic effectsentence processing. Excluding all but the
most proficient shadowers might be impracticaljght of Marslen-Wilson’s experience. But
closer shadowing than in the present study maygpsrbe achieved by adding preceding
material to the stimuli, so that performance is sther and more automated by the time the
critical region is reached or training participamsdvance and having them shadow all the
items in a continuous fashion instead of havingrtis¢op after each sentence. In fact, having
them shadow the whole set of items in a loop (gesimet just once or in perhaps in the two
different conditions) may not just help them ackifuency in the task, but yield a different kind

of data for comparison.
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CHAPTER 5
COMPARISON OF THE THREE BEHAVIORAL TASKS WITH PHON EME
RESTORATION

5.1. Overview

All of the experiments reported in Chapter 3 an@@br 4 used the phoneme restoration
phenomenon to assess the effect of prosody onaympaocessing, but it was implemented in
different tasks that elicit different types of betwaial responses and place different demands on
participants: visual word choice, sentence repetiind sentence shadowing. The results from
the experiments described in the previous two @raftave been shown to be largely
comparable across the tasks and compatible wittnigs reported in previously published
research on the processing at the prosody-syntastace for NP/S coordination and RC-
attachment ambiguities. Thus, the primary purpdsbeoexperiments was achieved, which was
to test a new method and validate it for futureeaesh on spoken language processing and
evaluation of the role of prosodic cues and pdgsither factors such as pragmatic plausibility,
construction frequency or referential complexity.

This chapter compares the three different taskghich phoneme restoration was
implemented in this research: visual word choieatance repetition and sentence shadowing.
Their relative advantages and possible limitatiaresdiscussed (section 5.2), as well as some
practicalities (5.3.1), plus some questions ofregeconcerning the phoneme restoration
phenomenon itself, such as the illusory percepticthe missing sound (5.3.2). Some of the

issues discussed in this chapter were first inttedwand discussed in Stoyneshka et al. (2010).
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5.2. Comparison and evaluation of the three taskssed for eliciting phoneme restorations

The three experimental protocols that were usdekperiments 1-3 employ different
ways of determining which word the listener bel@wveas in the sentence despite its being
partially ‘masked’ (in reality replaced) by noise.the visual word choice task used in
Experiments 1a-c, participants indicated whichhef tivo visually presented words they thought
had been in the sentence they heard. In the sentepetition and the sentence shadowing tasks
participants produced an intact word in lieu of tleése-replaced word in the stimuli when they
reproduced the sentence. The difference is thdbtinger is strictly a post-sentence task and the
latter is more online. Importantly, identical targeaterials were used in all three experiments, so
that cross-task comparisons can be drawn.

All three tasks have been used in psycholinguissearch in some variant or other. For
example, the visual word choice task is a varidrat standard one-word probe recognition task
such as has been used to investigate antecedetivatian in traditional studies of pronominal
anaphora in written language processing (amongstMacDonald, 1989; McElree and Bever,
1989). The single-word probe task has also beeth wgh auditory materials very early on
investigate word recognition latencies with a santhsk as the visual word choice (Caplan,
1972).

The two-word probe task employed in the preseneerpents offers a binary forced
choice. In that respect it resembles tradition&sgionnaire studies where two alternative
answers to a comprehension question are givencloiae between two paraphrases, as has
been used with written materials by Webman Shgf28t1) and with auditory materials by

Clifton, Carlson and Frazier (2006).
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Sentence repetition is a perception-production vaskh requires participants to process
the stimulus sentence and then reproduce it fromang It is often used to assess the
development of language competence in prelitettatdren, where it is assumed that accurate
repetition indicates accurate processing abovenre lexical level (Lust, 1996), though with
much simpler sentence constructions than the preses. With the present materials the
sentence repetition task may place a greater demramabrking memory than the visual word
choice task, because in the visual word choice pasticipants do not actually have to hold a
complete representation of the sentence (lexighlsgntactic) active in memory in order to
respond’, whereas in the sentence repetition task they do.

Sentence shadowing is a version of sentence rgpetiie., a perception-production task
which requires listeners to simultaneoudproduce the stimulus they are processing. In the
experiment that used the technique, Marslen-Wi{8&75) reported that it is possible to shadow
speech at latencies as small as 250ms, thoughdeplg@were able to shadow so closely.
Sentence shadowing is by far the most demanditigeathree tasks used in this research,
because it provides so little time for processhgihput sentence at all linguistic levels, and
precludes normal end-of-sentence wrap-up proce$s&fgge producing the response.

Though it was clear that the three response task® wery different demands on the

parsing mechanism and on short-term memory, itwatear in advance whether one or other of

> That does not mean that in the visual word chask4 participants only keep the word with
noise active in memory. They could do that onlthéy were aware of which is the word with
noise in it, which is not generally the case: ia #arly phoneme restoration studies, participants
were not able to identify the location of the noigee Warren, 1970). However, in order to
complete the probe task participants do not needrt@mber word order or other syntactic
details of the sentence but only the words it dostaAlso, in view of the limited number of
probe words used in Experiments la-c, participaratg have formed expectations as to which
word in a sentence was likely to be probed, thdaaemg their memory load further (see Gordon,
Hendrick and Foster, 2000).
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the three tasks would be optimally effective aswagg of ambiguity resolution preferences. It
seemed possible, for example, that shadowing nhighioo taxing on participants and therefore
not produce clear evidence of prosodic effectsn@yslifferent behavioral tasks to obtain data on
the same syntactic ambiguities with the same anyd#ibmuli was inherent to the methodological
exploration which motivated this research. Impletimgnthe phoneme restoration method in
different tasks can reveal what is stable acragsstand what is task-specific.

The fact that all three tasks, when used with @difusounding stimuli, yielded
predominantly prosody-congruent responses fromggaaints indicates that each of them can be
used as a measure of prosodic effects in ambigestylution. The fact that the phoneme
restoration data reflected the asymmetry of prasetfects on RC attachment interpretation in
all three tasks indicates that it is also a saresitieasure of prosodic disambiguation and can
perhaps be applied to other factors besides proJdayvalue of each task will depend to some
extent on the particular variable of interest aggkarch goals. Practical considerations may also
be relevant for some purposes. For example, visaed choice responses are collected and
coded automatically by the computer and so canigecs quick glimpse at an ambiguity
resolution preference, while sentence repetitichsdiradowing responses require human coding,
at least in the present state of technology. InpEmation, however, the production tasks
provide rich prosodic information (see section %04 .a brief discussionwhich may potentially
be more revealing than the merely binary visualdaaoice. Also, by eliminating the written
word the production tasks can be used with nomalieeparticipants including some indigenous
populations whose languages have no standardltewriorm, and also young children (Walley,

1988) with suitably simplified materials. Of thed¢l response tasks employed, sentence
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shadowing produced the least amount of congrustdnaions. However, it has the potential to
provide an online measure of prosodic effects,ismudsed in section 4.5.4.

While the three tasks discussed above are not moWeémselves, in the current research
they were used to implement a new method of gaugiigiguity resolution preferences and
assessing the role of prosody in parsing. Therefareeded to be established whether these
tasks can be performed by participants without erditficulty with the phoneme replaced
materials. This issue was addressed informallycaloith other factors relevant to evaluating the
tasks and the methodology in general in a discassi@articipants’s (informal) feedback in
section 5.3. below. Among such considerationsiataralness and unobtrusiveness, which
recommended phoneme restoration in the first piaseyell as participants’ (un)awareness of

the ambiguity and of the role of prosody.

5.3. Ecological evaluation of the phoneme restoram paradigm
5.3.1. Participants’ perspective

A short informal evaluation of the method’s nataess was included in a questionnaire
that participants in all the experiments filled atithe end of the test session together with the
language background questionnaire. It consistexhlyfthree questions, given in (1) below,

which participants answered as briefly or as wgrdd they wanted.

1)
A. Did you find this task hard to do? Why?

B. Did you notice anything unusual in any of the seoés?

C. What helped you understand the words when therenaige in the recording?
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The answers to these open-ended questions arelyaagagorizedf and summarized in table 5-
1. Some of the reasons offered by the participargpresented further below. Note that these
data were clearly insufficiently systematic to béjscted to any statistical comparisons; all
comments below are based on numerical comparisags o

Table 5-1Participants’ feedback on difficulty and naturasef response task with phoneme
replaced stimuli. Gray text is used for experimeanmith neutral prosody.

. . Sentence Sentence
Visual word choice " :
repetition shadowing
Expt la | Expt1b | Expt 1c | Expt2a | Expt2b | Expt3a | Expt 3b
Number of participants 24 48 24 24 12 24 12

A. Did you find thistask hard to do? Why?

No | 80% 82% | 58% | 71% 58% | 58% 42%

Somewhat 12% 12% | 21% 12% 17% 13% 33%

Yes| 4% 4% | 17% | 13% 17% | 21% 25%

No answen 4% 2% 4% 4% 8% 8% 8%

B. Did you notice anything unusual in any of the sentences?

No | 80% 82% | 38% | 54% 8% | 42% 25%

The noise 8% 8% 8% 21% 8% 17% 17%
Yes| 4% 2% | 33% 4% 50% 13% 33%
No answer 8% 6% |21% 21% 33% 28% 25%

C. What helped you understand the words when there was noise in the recording?

Heardit| 404 4% 4% 33% - 29% -
Listened to the sentende] 7% 21% 17% 8% 4% 8% 8%
Intuitively | 1204 8% 4% 13% 4% 13% 8%
Context| 40% 40% | 32% 21% 17% 21% 17%
Grammar| 6% 6% 8% - 8% 4% 8%
Guessed - - 8% 4% 25% 8% 17%
Don'tknow | G0 6% 6% - 8% - 8%
No answer| 15% 15% | 21% 21% 33% 17% 33%

The answers on question Bi@l you find thistask hard to do?) indicate that

participants’ perception of task difficulty reflect the gradient of difficulty that was anticipated

2 For example, answers like ‘a little’ or ‘sometirhase grouped into the category labeled
‘somewhat’ in the table.
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in the experimental design: word choice is fast moidfully demanding of sentence memory;

sentence repetition demands detailed storage aethience in memory until response time;

shadowing requires memory for a shorter time bgtires simultaneous perception and

production and is known to be especially challegghote that the proportion of ‘yes’ (‘hard to

do’) answers are greater for the neutral prosogheements than for the natural prosody

experiments, in keeping with other indicationsho$ in the behavioral data reported in previous

chapters.

Table 5-2 Some reasons offered by participants regardieig &mswer to question A, "Did you
find this task hard to do?" The experiment numbejiven in parenthesis.

Experiment Type

Participant Response Natural Prosody Neutral Prosody

NO

“It was easy.” (1a) “No, but the noise is
“The words could be guessed.”(1a)npleasant.” (1c)

“I was able to concentrate.” (1a)

“The noise in the earphones was

not that strange.” (1b)

“I did not try too hard.” (1b)

“I have good hearing.” (2a)

“I heard almost everything.” (3a)

“I know Bulgarian.” (3a)

SOMEWHAT “Only the names.” (2a) “The noise was distracting at
“Only the names and long times.” (1c)
sentences.” (1b) “The names | had to memorize.”
“Not much, | found my pace (2b)
quickly.” (1b)
“I can’t speak at the same time as
someone else.”

YES “Not sure why.” (1b) “Yes, some words were hard to
“Some sentences were (too) long.get.” (1c)
(1b) “Yes, | could not understand
“Some sentences were too noisy."what the speaker was saying.”
(2a) (3b)
“I have never done a task like this“l could not concentrate
before.” (3a) enough.” (3b)

“Too fast.” (3a)

“It was hard to talk so fast.” (3a)
“Yes, because | had to repeat it as
soon as it came.” (3a)
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The ‘why’ portion of question A was largely ignorby participants, but the responses
that were provided included the following commeptgsented in Table 5-2 sorted by the type
of response on the first part of the question. Nlo&t this list of example comments combines

responses to the different tasks

Question B Did you notice anything unusual in any of the sentences?) was included as a probe
for possible awareness of ambiguity and a judgroénaturalness. For the natural prosody
experiments, the relation of ‘yes’ answers to exgeetask difficulty shows a similar pattern
across tasks as for question A, though fewer paogieneral answered ‘no’ to question B than
to question A. This may indicate that they haddeitcted the morphosyntactic ambiguities, or
the role of prosody in disambiguating them. Celyaino participant mentioned any such thing.
In fact, several people wrote things like ‘sometepoes were noisy’, when in fact there was a
portion of noise in every sentence they heard. &@lgesnments may indicate that participants
were not aware of the ambiguity. On the other hétmel scantier response to question B might
simply reflect the fact that the participants dat onderstand how to interpret the notion of
‘unusual’ in this context, or possibly because ttreyught the question essentially repeated the
previous one in different words. The question wagppsely vague in order not to point
explicitly to the existence of ambiguity and therddas responses; but perhaps it is a risk that
could be taken in future work.

The proportion of ‘yes’ (‘notice anything unusuahswers to question B is notably
higher in the neutral prosody experiments. Amoregdarticipants in these experiments who
answered ‘yes’, several commented that ‘some seasemade no sense’, one explicitly said that

some sentences were not grammatical, and one lisedbtds ‘some were tricky’ which might
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(but might not) indicate that s/he was aware thnas ambiguity involved. Interestingly, with the
neutral prosody, the most ‘yes’ responses werengbyeparticipants in the sentence repetition
tasks, who had the most time (compared with therdthio tasks) to process the input before

giving a response that revealed their preferregfmetation of the stimulus.

On guestion C( What helped you understand the words when there was noisein the
recording?), responses were even more varied and participaagbés most often indicate as
helpful things like ‘context’, ‘intuition’ and ‘likening/hearing’. Unfortunately, it is not clear
what they mean when they make these qualificatibasexample, ‘context’ is a vague term,
which may be referring to the semantics or prageedbf the earlier part) of the sentence or may
be used more broadly to include other propertiesneetailed properties of the acoustic signal.
Most probably, however, the participants were nakimg such fine distinctions and rather using
the word in most general terms to refer to anyahdspects of the complete utterance - possibly
including its prosodic contour. The ‘intuition’ amers may fall into the same category.
The answers that explicitly mentioned ‘listeningdahearing’ are classified separately

in Table 5-2. The former implies that the particifsafelt they needed to listen carefully to hear
all the words despite the obscuring noise burse. [atter implies they felt that they had heard all
the words in a normal way (including the noise-aepd word). Note that this is compatible with
their being unable to identify which word contairted noise.) This is a fine distinction between
‘listening’ and ‘hearing’, but if it could be foll@ed up it might provide some insight into the
phenomenological experience of listeners to phorepkaced stimuli.

Overall, participants’ responses in the exit questaire support the idea that the noise-

replaced items were not particularly stressfuloagjlas the sentences had a natural prosodic
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contour, and also that the tasks, except for shadpwere quite easy to perform. However, the
open-ended questions generated responses thatlwerse and not easy to classify. In future
work it will be advisable to use a more detailed atructured questionnaire in order to collect
more systematic and quantifiable data (e.g. frainga on a scale rather than from personal
remarks) that would be more informative and affgederalizations of interest.

One guestion that cannot be settled on the basieqgiarticipants’ responses to these
guestions is how convinced they were that theyihdalct heard an intact word overlaid with
noise, which was a central issue in the invesogatby Samuel (1981). In future work the exit
guestionnaire might include among other querrigaestion like “What proportion of the
sentences do you think had some noise in them?&aaadge of answers on a scale from ‘just a

few’ to ‘almost all’ which will provide some insiglor at least quantifiable responses.

5.3.2. Long-standing methodological query: howsitity is the missing phoneme?

It is important to note that the advantages of jginoa restoration for studying ambiguity
resolution do not turn on the assumption that p@dints experience a true perceptual illusion, in
which they are convinced that they actually hehedmissing phoneme. This is an intriguing
guestion, nonetheless, and is made more so byrreggphenomenological reports in the
literature.

In Warren’s presentation of his first experimentirete “The illusory perception of the
absent phoneme was in keeping with the observafiothers (graduate students and staff), who,
despite knowledge of the actual stimulus, stilicgered the missing phoneme as distinctly as the
clearly pronounced sounds actually present” (197392). In the first experiment investigating
whether phoneme restoration can be supported ligrgel context, Sherman (1971), having

clearly informed the subjects in advance in onaddan “that a cough did replace a single
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speech sound in a sentence”, then asked themde pifter each item “whether or not the
replaced sound was clearly missing”. Subjects gagéresponses on 57% of trials, even after
their fourth hearing of the same item (pp. 12,38, In later work Samuel (1981) took a more
skeptical stance, though even there he refersdaogrhe restoration as “a powerful auditory
illusion” (p. 474).

Samuel (1981) raised a doubt as to whether seateotitexts are as effective in creating
the illusion as within-word contexts which may bermuniquely constraining, such as
Iegi@latures(from Warren, 1970) du@erals(from Samuel, 1981). This is an interesting point
which deserves to be taken seriously, but again th# caveat that the experiments reported
here were not designed to investigate the phenologinal status of the restoration
phenomenon. For Samuel, phoneme restoration asuengellusion was a more central concern
than itis in the current study on ambiguity resioin and prosody, because his aim was to test a
basic model of speech perception, specifically higpothesis that restoration (and more
generally, speech perception) depends on the batfpoonfirmation of expectations generated
at higher levels” (p. 474). In pursuit of this, &ygplied a signal detection theoretic analysis to a
discrimination task. Participants were requiregutige an item as either “noise-replaced” or
“noise-added” and their responses generated fpastpf data: noise-replaced stimuli correctly
identified as noise-replaced (hits), noise-replast@duli incorrectly identified as noise-added
(misses), noise-added stimuli incorrectly identifaes noise-replaced (false alarms) and noise-
added stimuli correctly identified as noise-addsatrect rejection). On that basis, tHea}

prime) discrimination measure was calculated toeggnt the distance between hits and false
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alarms>® If noise-replaced items really sound to listerss$f the phoneme is present beneath the
noise, then those items should be indiscriminaioienfnoise-added items even to participants
clearly alerted to the difference. (as in Samusgly where “the nature of the stimuli was
clearly explained beforehand”, p. 478). At the lesfesingle words, the’dneasure was lower for
real words than for pseudo-words, that is, noiggaceed and noise-added versions were less well
discriminated for real words than they were forwasrds. This indicates that the contextual
predictability of a particular phoneme affectedgegtual processing, and was not merely a post-
perceptual response bias. These findings supporhthitive claim that this technique elicits a
substantial perceptual illusion.

In his Experiment 3, Samuel (1981) used stimuk like sentences discussed in Chapter
1, section 1.4.2. repeated in (1) below where thedvlevel context does not uniquely constrain
the restoration of phonemes. Participants heard ibam in both the noise-replaced and noise-
added version during the course of the test anddoh item they had to indicate whether it was
noise-replaced or noise-added, then as a secdndl&agify the word. In one condition
participants listened to sentence fragments onltylewn another condition they heard complete
sentences.

(1) a. The soldier’s thoughts of the dangeroudéatade him very nervous.

b. The pitcher’s thoughts of the dangeroutebatade him very nervous.

In contrast to single word stimuli, with sententahtexts the 'dor the noise-replaced

versus noise-added versions did not significanffgidfor words that were predictable in the

sentence context versus words that were less pabtkan that context. However, Samuel

>3 o “measures the distance between the signal antoise means in standard deviation units.”
(Stanislaw and Todorov, 1999)
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(1981) also points out that “listeners did repaddictable words to be intact more than
unpredictable ones; less ‘psychological intactnesgquired when a word is expected.” (p.489).
A significant difference between conditions wadeeted in thed (or response bias) meastire
which reflects post-perceptual biases. Blszores were higher for contextually predictable
versus non-predictable words (elgafterin the context opitcherversusbatterin the context of
soldien, which would indicate that the sentential cordedit] affect restorations but via post-
perceptual guessing strategies rather than byfluente on perceptionn other words, there
was no real illusion at the perceptual level.

In explanation Samuel noted that in the sententatkrials “the critical words were
designed to be multiply restorable” and that pdgsiihe existence of more than one potential
percept inhibited restoration, improving discrinbidy” (p. 491). This contrasts with the
experiments with isolated words, where each tasgetl with a masked or replaced phoneme
corresponded to only one possible word in the laggulf this is the right explanation for the
partial failure of the illusion in the sententiahtarials, it could apply equally to the materials i
the current experiments as well, because there wdaet two licit lexical items in the visual
word choice task and potentially more in the praductasks where no specific word choices
were offered. (For example, the noise-containingdwo the NP/S coordination items could be
restored as ‘bese’ (was) or ‘biaha’ (were) but gstentially as the shortened form of ‘bese’ (be)
and other words that would result in a meaningéuntence, quite apart from other words
compatible with the stimulus though not resultingaricomplete and meaningful sentence.) This
opens the possibility that in the experiments reggbhere there was no perceptual illusion.

Samuel himself was inclined toward the concluslmat for the sentential contexts “the higher

4B is based on a likelihood ration of the likelihaafbbtainingx on a signal trial and the
likelihood of obtaining« on a noise trial.” (Stanislaw and Todorov, 1999)
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level (syntactic-semantic) information was not lggpassed down to the lower phonetic-
phonological level” (Samuel, 1981, p. 491).

Note that although discriminability was unimpait@dpredictability for the added vs.
replaced data, discriminability was low betweenakhiord was used in the noise-replaced
items: the lexical item congruent with the contexits mate (the lexical item from the other
sentence) which is the critical issue in the curresearch. In addition, the stimuli in the present
experiments are not exactly parallel with the setéstimuli used by Samuel (1981). The
sentential contexts in Samuel’s target items (otthvithe only example given in his paper is the
battle~batternitem above) were only weakly constraining andrdit decisively favor one
version of the word over the other (e.g., in thetegt of (1a)pbattle andbatter differ in
plausibility based on world knowledge but neithexates a non-sentence of the language). In the
current experiments the expectation is that thierasons are constrained by the syntactic
structure built in accordance with the prosodicscueconjunction with syntactic rules of the
grammar, so one of the alternative words will resua grammatical and prosodically well-
formed utterance, while the other will results muterance where syntax and prosody are in
conflict, e.g. “In the end we met Ani || and Ivardaviimi was ecstatic.”

Thus, Samuel’s conclusion that the phonologicakitin is weak would not extrapolate to
the experiments reported here if the prosodic castia these experiments are more constraining
than the pragmatic (world knowledge) contexts im8al’s. That seems very likely to be the
case, although further experimentation would beled¢o confirm it.

However, Samuel points out that there could beltannative reason for the greater
discriminability in the sentential contexts tharthe lexical contexts in his experiments. He

notes a flaw in the preparation of his acoustimshi, which led to “an artifactual cue for
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discriminating added and replaced versions in see& (p. 490). Samuel suggests that the
likely culprit “is the influence of prosody (espalty pitch contour) in sentences. The
replacement version of a sentence will often inticela break into the prosodic structure,
whereas the added version seldom does” (p. 49@)eim of this, it remains an open question
whether or not a sentential context — affordingesipragmatic/semantic disambiguation or
prosodic disambiguation — can effectively limit t@nstrual of an ambiguous word to such an
extent that a speech sound is confidently ‘perckivethe absence of any acoustic cues from the
input. This question could be pursued in a progoaexperimentation modeled on Samuel’s
discrimination paradigm. However, the discriminatimeasure was not implemented in the
current research, because the replaced/addedndisation task draws extreme attention to the
critical lexical item which is used as a probedarbiguity resolution. Also, in Samuel’s protocol
the added/replaced discrimination task crucialgcpdes other tasks, so it would delay the
primary response of interest in word choice or tiéipa, and would be incompatible with
shadowingApplying it in the current experiments would haweicteracted the naturalness of
the phoneme restoration phenomenon as reportée ioriginal studies (e.g. Warren, 1970)
which had recommended it for the study of spontaseentence-level processing.

In summary, prior experimental data provide norcteason taloubtthat restoration of
the missing phoneme was experienced as an illisidhe participants in the present
experiments, but they also do not positively supgha illusion claim for sentential materials.
Fortunately, though the issue is a natural topicusiosity, it is not crucial for the validity ohe
present research. It is maintained here that ogatbona-fide phonological illusion is not
essential in ambiguity resolution research witls thiethod. What is essential to this

methodology is that minimal attention is drawnhe syntactic/semantic ambiguity, unlike in
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comprehension questionnaires, and that minimahi@dte is drawn to the relevance of the
prosody, unlike in prosodic well-formedness judghuprestionnaires.

The aim is to tap processing that is as spontan@®us normal everyday language use,
avoiding unnatural self-conscious language proongsasnd the formation of experiment-specific
strategies. Those criteria were largely met inpgheneme restoration experiments with natural

prosody reported in this dissertation

5.4. Evaluating participants’ prosody in the produdion tasks with natural prosody.

The sentence repetition and sentence shadowing tatkinformative prosody each
elicited 576 productions of each target constructa a total of 2304 utterances, of which 2170
were coded as complete responses (the critical wasdproduced) and 134 were coded as
missing (the critical word was not produced). Thespdy of these elicited utterances can be
examined. What follows is a preliminary and infotrio@k at this considerable body of data.

Informal ear-judgment evaluation of the utteranzgs$he investigator showed that in
over 80% the produced prosody matched the prosbhestimulus, i.e. a prosodic boundary
was realized in some way in the location of thespdic boundary in the stimulus. Two other
native speakers who were asked to judges by eaakt gortion of the utterances (4 token per
participant) and confirmed that a prosodic boundeag perceived in most of them at N1] or
N2], as appropriate. Note that the participanthese production experiments were not
instructed to reproduce the prosody or told thaspdy was important to attend to. Their
mimicking of the contour of the sentence they heead spontaneous.

Durational measures were taken from a subset afdhected recordings to support the ear

judgments. It included recordings from all partamps producing two items for each of the target
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constructions: one that they heard with the N1hknerosody and one that they heard with the
NZ2] prosody. This makes a small but representa@mple of the production data collected,
since each participant contributed one productempposody per construction.

Figure 5-1 and Figure 5-2 below present the meaatiduns per region of the analyzed

target items produced by participants in the se@eapetition task.

NP/S coordination: sentence repetition

0O N1] stimulus

Adv

@ N2] stimulus

Vv

|

N1

N2 *
N3 _J
was _J
PP ——
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Mean duration (ms)

Figure 5-1 Mean durations of critical regions for the analy2\NP/S target items in the
sentence repetition task depending on the prosbtheastimulus participants heard

|

1,000
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RC attachment: sentence repetition

O N1] stimulus

V m N2] stimulus

ot N2 _

rel pron #
RC —J

0 200 400 600 800 1,000 1,200

Mean duration (ms)

Figure 5-2 Durations for the analyzed RC attachment targetstin the sentence
repetition task depending on the prosody of thaudtis participants heard

As can be seen from the graphs, for the sentepetition task, the durations of the
critical regions (N1 and N2) show evidence of aspiic break location either at N1] or at N2],
which corresponds to the prosodic break in thewdtimsentence. The durational contrast
between conditions in the sentence repetition prolos is very clearly defined and contained
in the two critical regions (N1 and N2). Pairedngarisons show that the interaction of
prosodic condition and noun duration is significemtboth NP/S coordination (F(1,46) = 37.4
p<0.001) and RC attachment (F(1,46) =41.3, p<0.00

Participants’ phoneme restoration reponses (thel westored in place of the noise)
indicated prosodic information in the stimulus igized consistently in the sentence repetition

task (Chapter 4, section 4.3.3). The ear judgmemdsduration measurements of the
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participants’ productions reveal that the prosadictour was generally preserved when
reproducing the sentence.

Note that this is not spontaneous production datven speech production in a discourse
setting. Participants were not trying to disambtguend they were not instructed to say the
sentence in the same way they heard it. Theirueskjust to repeat each sentence from
beginning to end or as much as they could. Thestatt that they are producing clear prosodic
boundaries is quite interesting. It might indictitat the prosody helped them in the task of
memorizing and reproducing the sentence or thgtdesumed it to be an inherent part of the
utterance, so they reproduced it. In fact, theeesame cases when a different lexical item is
produced (e.g. a different name in the NP/S coatdn items with proper names), but the
prosody and the interpretation are consistent, hvimdicates that they were using it to reproduce
the message (meaning) of sentence. Thus, althdwgbroduction in this task is not
spontaneous, it may involve the same mechanismspga@aganeous processing.

Figure 5-3 and Figure 5-4 below present the meaatidns per region of the analyzed
target items produced by participants in the ser@amadowing task.

The graphs below clearly show, the durational @sterbetween the two prosodic contours
are different in the productions of participantshe sentence repetition task and the sentence
shadowing task. There is a reliable effect of {&sk6.27, p<.001) and of region (F=3.62,

p<.001) as well as an interaction of prosody amgbre(F=11.004, p<.001).
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NP/S coordination: sentence shadowing

O N2] stimulus
Adv @ N1] stimulus
v F
N1 _ '
N2 —
N3 _ '
copula _4
PP —

o

200 400 600 800 1,000
Mean duration (ms)

Figure 5-3 Durations for the analyzed NP/S coordination thitgens in the sentence
repetition task depending on the prosody of theugtis participants heard
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RC attachment: sentence shadowing

0O N1] stimulus

@ N2] stimulus
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Mean duration (ms)
Figure 5-4.Durations for the analyzed RC attachment targetstin the sentence

repetition task depending on the prosody of theugtis participants heard
In the shadowing task the productions of the pipdiats with the NP/S coordination items
show the expected differentiation in those twaaaltregions (N1 and N2) but also show a
duration contrast in the region of the third noad avith the RC attachment items even the N2
region and the relative pronoun region diverge ftbmsentence repetition productions.

These differences in the durational patterns migatethe specifics of the two tasks. In
the sentence repetition task participants havegssed the input and they produce a prosodically
well-formed utterance afterwards, whereas in tmtesee shadowing task they are trying to
process one portion of the input sentence and deeea different portion of it at the same time,
so their output is probably less well under control

The duration data are perhaps not the right medsuprosodic patterns in this task,

because shadowers may (perhaps unconsciouslghbtening some words in their production
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in order to hear the rest of the phrase beforeywiod it (see section 4. 5.4). Further analyses of
the data are necessary to extract a more accuat@pof their productions. Still, the shadowers
areperceiving the prosody quite accurately as shoyvimé phoneme restoration data and the ear
judgments indicate that most are marking it in sevag in their productions.

In fact, there is a correspondence with the stisipiwsody in participants’ production
for both the sentence repetition and sentence shiagdask that strongly suggests how they are
disambiguating the sentence, even in the case®whedisambiguating word was not
produced. Table 5-3 below presents a quantitagemption of the data in the natural prosody

production experiments that was coded as missiegaprematurely terminated recording.

Table 5-3 Distribution of different prosody types produagedrials coded as Missing, for
Experiments 2a (Sentence Repetition) and 3a (Semtehadowing)

Sentence repetition (Expt 2a)  Sentence shadowixyt (&)
NP/S RC NP/S RC
coordination | attachment | coordination attachment
(N=43) (N=8) (N=63) (N=20)
Matching the boundary 31 (72%) 5 (63%) 48 (76%) 9 (45%)
location of the stimulus
Boundary at both locations 1 (2%) 2 (25%) 2 (3%) 4 (20%)
Boundary at a different 1 (2%) - 3 (5%) 2 (10%)
location
Terminated too early* 6 (14%) - 7 (11%) 3 (15%)
Missing (skipped item) 4 (9%) 1 (13%) 3 (5%) 2 (10%)

*Participants started to say the item, but didneaich a point where a prosodic cue is realized

As can be seen from table 5-3, a sizeable portidthese productions match the prosody of the
stimulus (even though incomplete), which may bema&s an indication of prosody-congruent
structure. For NP/S coordination in particular giieportion is over 70%. This observation

alleviates to some extent the concerns about trelimately high rates of missing data for NP/S
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coordination in both task since the productionsolldidn’t include the phoneme replacement
word do not appear to be generally anomalous.

For the RC attachment the proportion of recordmgsching the prosody of the stimulus
is lower (less than 50% in the shadowing task)taedest show a tendency to place or add a
boundary in a location different from the bounderyhe stimulus.

While the observations reported here are of intetiegy cannot fully compensate for the
rather large proportion of missing phoneme repla@mdata in the production tasks, as noted in
section 4.4.3 and section 4.5.3. In future expeminvith a sufficient response-time allowance
(i.e. longer time limit or participant-controlledsponse time), the rates of prosody-congruent

restorations may hold more steady across tasks.

5.5. Conclusion

The comparison and evaluation of the phonemenaggia tasks on various different
criteria discussed in this chapter sustain theoragbon method'’s viability in one form or another
as a tool for assessing ambiguity resolution aeddke of prosody in particular. It bears
repeating that phoneme restoration stimuli resemsdech that is natural and occurs in everyday
situations, where noise abounds, and also thathehet not it creates a bona-fide perceptual
illusion is not essential for the method to work fi@ycholinguistic purposes. The three tasks
used in these experiments to elicit phoneme resareesponses (visual word choice, sentence
repetition and sentence shadowing) produce vegglgicomparable results, with some
explicable differences, and they can be appliediidually or in combination) to investigate
ambiguity resolution with spoken stimuli. The nekipter presents additional experiments that

implement a similar masking procedure in a diff¢@erceptual modality: silent reading.
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CHAPTER 6
EXPERIMENTS WITH WRITTEN STIMULI: VISUAL GROUPING A ND AMBIGUITY

RESOLUTION IN READING

6.1. Adapting the restoration method to reading.

6.1.1. Prosodic effects and visual prosody in siteading

There are impressive early auditory studies, soimehach were discussed in Chapter 1
(e.g. Lehiste, 1973; Marslen-Wilson et al, 1992it, éxperiments with auditory stimuli were not
the norm in psycholinguistic research. Silent regaixperiments have been used for decades as
the primary tool for studying ambiguity resolutidn.the early days of ambiguity resolution
studies, researchers had little other recourse shreetechnology for creating auditory stimuli
and conducting audio experiments was clumsy anavit#ly accessible. But although it is true
that the ‘tradition’ of using written stimuli waargely a matter of practicality, reading studies
are of interest in their own right and retain apartant role in psycholinguistic research today.
Written stimuli were originally used in self-pacezhding studies (e.g., Frazier, 1978,
among many others) with post-sentence tasks saomarehension question or grammaticality
judgment. Subsequently they were increasingly usedmbination with eye movement
recording (e.g., Frazier & Rayner, 1982) and in EERRlies (e.g., Friederici et al., 1996). For
exampleFrazier & Rayner (1982) recorded eye-movementsuvestigate the processing of
temporary structural ambiguities in readargd Trueswell et al. (1994) used eye-movement megasu
in an investigation of semantic constraints onrprietation of reduced relatives. ERP studies have
identified components associated with syntacticserdantic violations and have shown that they are

elicited in a similar fashion by identical spokeravritten stimuli (Hagoort and Brown, 2000he
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appeal of using eye monitoring and ERP technoledkat the researcher is able to explore very
closely the time-course of ambiguity resolution #melrole of different factord.raditional
written questionnaire studies, however, are alonstlely used for obtaining data on post-
sentence ambiguity resolution preferences. LateBgarchers are utilizing the web-based
platforms such as Amazon’s Mechanical Turk to cahdesearch with written materials,
obtaining responses such as acceptability judgnierds Gibson, Piantadosi and Fedorenko
2011).

Following the proposal of the Implicit Prosody Hypesis (Fodor, 1998), researchers
have investigated possible prosodic effects imsileading in a number of languages, initially
with a focus on the ‘problematic’ cross-linguistiéferences in RC attachment in and how it
relates to prosodic properties of the constructideta on a number of languages (see Chapter 2)
shows that RC attachment preferences in sileningade susceptible to RC length variation in
a similar way across languages but can be modifigdfferent ways by phrasing characteristics
that are specific for a given language such a gliodareak before the preposition in Croatian
(Lovri¢, 2003). In her dissertation, Augurzky (2006) systécally investigated different factors
and managed to tease out implicit prosody effeatissthow that they occur late in the parse.
Other constructions have been shown to be sensttigeosody as well. For example, Kitagawa
and Fodor (2003) demonstrate that in some casgs tf@e ‘not-because’ ambiguity in English)
accurate grammaticality judgments cannot be obdaamewritten stimuli without supplying
prosodic contours. Prosody has thus been showtaycapole in silent reading and produce
tangible effects.

In related work, it has been shown that sentensegssing difficulties in reading can be

modified and neutralized by the visual presentatibtihe text. Research has been done for
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example on how different types of visual preseatatiffect readers’ processing speed and
comprehension, and even their ability to focushentext. For example, Bever et al. (1990)
investigated the effects of visual grouping of t&tiey experimented with varying between-
word space sizes in different ways to check howvtbeal spacing modulates text readability.
They found that a computer-implemented heuristadyamis that assigned extra spaces between
major syntactic phrases was more effective thanisgavhich reflected the depth of the phrase
structure analysis, or extra spaces assigned poption to between-word pauses in speech. The
authors speculate that the facilitative effectudflsspacing between major phrases comes from
its resemblance to the way “good readers guide dyel movements by a similarly crude initial
parse of texts” (p. 74).

A different type of presentation manipulation thmtolves segmentation rather than spacing has
been investigated for effects on ambiguity resolutirhe RC attachment ambiguity, which is
one of the target constructions in the current arpents, was the focus of investigation in one
study on segmentation effects. Gilboy & Sopena §)989und that RC-ambiguity resolution was
affected by whether the sentence was broken inge Isegments vs. smaller segments. In
particular, presenting the sentence in larger satgneith the two nouns together (ekd.perro
mordio6 al cufiado de la maestra / que vivié en Cbda su espospyielded high attachment for
Spanish, while presenting it into smaller segméaig.El perro mordié /al cufiado /de la
maestra / que vivié en Chile / con su espogdiol not produce a preference. Gilboy and Sopena
(1996) offer a prosodic explanation for their fings, on the assumption that the readers were
using segmentation of the text to create a prosamhitour. Spanish has a fixed phrasal accent
placement that will apply in the large segmentatiersion and will produce a boundary at N2,

which is relevant for RC attachment, whereas ssegjmentation does not provide a prosodic
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cue relevant to ambiguity resolution and RC attashinis determined on plausibility grounds
instead.

More recent studies have been specifically desigméabk for prosodic phrasing effects
in reading, in relation to the Implicit Prosody Hpesis (IPH; Fodor, 1999). For example,
Fernandez (2007) conducted a series of experinusitig several types of visual presentation.
She found that a fixed-rate Rapid Serial VisuakBr¢ation (RSVP) diminished the RC-length
effects found with whole sentence reading, butalde-rate RSVP restored them. She also
reports that inserting a visual pause (blank sqratar one of the nouns in a variable rate RSVP
experiment boosted the same RC interpretationsasitarly located break in auditory materials,
but a longer display time designed to mimic accatdn had no effect. Maia et al. (2007) used
visual segmentation that matched prosodic bounsiarispeech and found parallel effects on
RC-attachment ambiguity resolution. Koizumi (2006hducted an investigation on the
processing of the ambiguity of negation scope entht-becauseonstruction in English (e.g.,
The owls aren’t increasing because they are urediErél protection.) in two self-paced reading
experiments. In her Experiment 2 she used a twediaplay of the sentences to encourage a
prosodic break in silent reading and found thamne:break before ‘because’ favored the reading
with ‘because’ taking scope over ‘not’, comparethwirhen the sentences were displayed on a
single line.

The data from such experiments that implement alipuosody’ through segmentation or
presentation rate show that the visual presentadorcreate prosodic-like effects or modify
them in ways similar to prosodic manipulations unigory stimuli. The next section proposes
that visual presentation of written stimuli candeenbined with masking as a parallel to the

phoneme restoration experiments in silent reading.
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6.1.2. Motivation for the grapheme restoration expement

Based upon previous findings noted above that Vidisplay for silently read materials
can imitate prosodic phrasing, a grapheme-restorg@radigm was developed as a counterpart
of the phoneme restoration paradigm to be appligdwritten materials. Because the stimuli
were presented visually instead of auditorily,raidated ‘ink blot’ was used to replace
morphological disambiguation in the original sects) similarly to the noise-replacement in the
auditory stimuli. The contrast of prosodic boundpligcement in the auditory stimuli was
mimicked by contrasting patterns of visual groupiag a means to confirm prior findings that a
specific prosodic contour can be induced in siteatling and in particular to establish whether it
would affect ambiguity resolution of the two stui@l ambiguities of interest (NP/clausal
coordination and relative clause attachment) irag gimilar to the overt prosody in the auditory
experiments. While visual grouping has empiricaglgedents in psycholinguistic research (see
above), it has not previously been paired with @isnasking as in the grapheme restoration
experiments reported here.

Two response tasks were used to obtain ambigwtluBon responses: a binary visual
word choice and a reading aloud task. The fird, tamployed in Experiments 4a-b, was
essentially the same as was used in Experimentsay#r auditory stimuli. As in those
experiments, the aim was to dispense with a padesee comprehension question because it
delays response and might introduce unwanted bildseas anticipated that the visual grouping
would bias ambiguity resolution preferences (agaéd in the word choice responses) in a
similar fashion as the prosodic break location ardvwchoice task with auditory materials, but
that it might induce smaller effects than overtsody. The second task, employed in

Experiments 5a-b, was similar to the sentence itepetask used with auditory stimuli in
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Experiments 2a-b. The aim was to investigate wihidtieetwo contrasting visual grouping
conditions would create similar effects in a praguctask as the prosodic breaks in Experiment
2a. As it uses the same target sentences as Exgrgrihfsection 4.2) and a very similar task, the
attachment preferences obtained with the two mbesican be directly compared. Both of the
visual-presentation experiments reported in thegotér contrast the same two grouping patterns
as were studied in the corresponding auditory exymsrts, Experiments 1la and 2a: N1 separated
by a boundary from the following N2 vs. N2 sepadldig a boundary from the following

material (conjunction + N3; or RC). In addition teavas a third presentation condition without
any grouping of constituents, which was intendegaallel the neutral prosody.

The fact that the sentence materials and respasks &re parallel across the modalities
permits close comparison between the role of priesgrduping in the auditory experiment and
visual grouping in the silent reading experimenprior study on Bulgarian (Sekerina et al.,
2003) compared RC attachment preferences in thertedalities, but the stimuli in the
experiments were abstract shapes in various sathpart-whole relations. Similar results were
obtained with auditory and written sentences malterbut the preference was opposite to the
preference found with semantically rich ‘real-wodéntences in a standard reading
guestionnaire. See discussion of these resulthapter 2 (section 2.3.5). It is hoped that the
present experiments using more typical RC attachsertences will provide some further

clarification.

6.2.Visual Stimuli

6.2.1. Materials description
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The materials used in the reading experiments @eaetly the same as the ones used in the
experiments with auditory stimuli described in dlatachapter 3. The constituent length contrast
discussed for Experiment 1b and Experiment 1c Waasiacluded in this experiment. The
templates for the NP-coordination ambiguity itemd ¢he RC-attachment ambiguity items are
repeated in (2a) and (2b) respectively:
(2)

a. NP/S coordination: (Adverbial) (NP) Verb NRJ, NP2i., NP3 copuLA PP

b. RC attachment: Verb NP1 Prep NR2REL PRON VP]

Examples of the temporarily ambiguous sentences pla@t were created from these templates
and used as target materials can be found in Ghagsection 3.1). The word in bold capitals in
each template in (2) is the word that differensatee two sentences in a pair due to
morphological markings (number on the copula vgamder on the relative pronoun) and it is
the word that is partially obliterated by a blotlme visual stimuli to create a fully ambiguous
word for restoration. The filler sentences were alfentical to those used in the auditory

experiments (see Chapter 3, section 3.1.3).

The target materials had already been pre-assémsgldusibility before preparing the
auditory experiments, as explained in Chapter &i@e 3.1.2). In addition, the written materials
were first piloted in a paper and pencil ‘fill-ind-blanks’ reading task in which participants

were given the sentences printed in Cyrillic scwjih blank spaces in several places throughout
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the sentence, including the critical parts of tlemohbiguating word, as shown in (3) befdw
Their task was to fill in the missing lettats

3)

(a) NP/S coordination example with blanks:
Hakp_s cpemin_ _me A m UBan m Mumm 6_ __ B_B BB3T_PI.
_nthe end we m_t Ani and Ivan and Mimi w___ ecstati

(b) RC attachment example with blanks:
II_ _umeHuxa agBOK_T_ HA NEeBHMI_TA, KO_TO KyllM HUM_HHeT _.

They underestimad the lwyer of the sing who bough the estate.

In this fill-in-the-blanks task, participants shalva 2+1 grouping preference for the NP/S-
coordination items (i.e. the first two nouns inteted as a coordinated object and the third one
as subject of the second clause) as was expectixd drasis of the study in Dutch (Hoeks et al.,
2002); see discussion in Chapter 2 (section 2ghaye. For the RC materials no reliable
preference was found (47% high attachment). Thenfthe blanks task required readers to stop
and fill in the letters: this probably disrupteddht reading of the sentence and may have
influenced the results. On this consideration dineent format of the grapheme restoration task

was used, which gives with greater flexibility metpresentation.

6.2.2. Visual masking

*® This pre-test was reported at2@nnual CUNY Conference on Human Sentence Proogssi@SD, San Diego,
CA (2007)

%% In all but the critical words the missing lettevsre uniquely identifiable. In the critical wordarficipants had to
supply the morphological agreement that disambggliayntactic structure.
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To create the stimuli for the reading experimettits,disambiguating portion of the
critical word was removed from the sentence. Tlagplgeme or graphemes encoding
morphological agreement markings were removed flmrtarget items, as was done for the fill
in the blanks task. For example, the two lettethemiddle of the relative pronoun was
removed, so that its masculine forroiito’ and its feminine formgosito’ become identical
‘k__to’. In place of the removed letter(s) an ‘ink-blatas inserted, which was intended as a
visual parallel of the white noise. (The same stapksize blot was used for the four different
versions of each target item, although the bldferid between itemsAs a result, the two
sentences in each pair (short or long version dfean) became identical visually, as illustrated
with the sentence examples in (4) shown in Cyrdtidpt which is standardly used in written
Bulgarian.

(4)

a. NP/S coordination example with ink blot:

Haxkpas cpemaaxme Aan u UBan n1 Mumn 6.B'BB BB3TOPI.
Adv \ N1 N2 N3 V PP

In the end we met Ani and Ivan and Mirjjjecstatic.

b. RC attachment example with ink blot:

HOL[HGHI’IX& dIBOKAaTa Ha IIeBHIdra, 1'1‘0 KYIIH HMCHHCTO.
V N1 of N2 relpron V N

They underestimated the lawyer(m) of the singeiiff) bought the estate.
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It should be noted that, unlike phoneme-replacentbatvisual masking procedure is not
unobtrusive. The white noise that was used in tligtary stimuli is similar in acoustic
characteristics to the recorded utterance andtipergeived as replacing or even masking a
speech sound, but rather as a background noisedkatcurs with the speech signal. By
contrast, the ink blot in the visually presentethati is certainly not inconspicuous and clearly
masks part of a word (There can be no doubt as togation, unlike with noise-replacement.)
Another difference between the noise and the Blttat while the actual blot looks fairly natural
and a smudge like that is possible in written mal®rit is not a common occurrence, unlike
background noise, especially nowadays when writitig pen and ink is growing less common.
In short, we cannot expect the blot manipulatiooreate an illusion of an uninterrupted signal
as a basis for restoration. But one aspect ofrtkd®lot masking is similar to the noise-
replacement: the temporarily ambiguous sentencagair become globally ambiguous, because
the replacement procedure turns them into idensicadgs.

When presented on a single fiheas in (4) above, the visual stimulus is actuglobally
ambiguous, because it contains no other cues aondhigiuation, unlike the auditory stimuli
where a relevant prosodic break remains in theutisa These versions of the target sentences
were used as the counterpart of the neutral prosothe auditory experiments or rather as a
baseline condition in the silent reading experiragbécause unlike the neutral prosody without
which sounded unnatural and hard to follow, thetemi versions were perfectly readable (except

for the inkblot). Note that in Bulgarian there is @bligatory comma in writing before the

" Not all items were presented on a single lineahse of length, see section 6.2.3.



221
relative clause, which reflects the typical phrgsofi RC. It could not be omitted in written
materials.

As the written sentences were only disambiguatechtsphological agreement and did
not originally contain grouping cues, a differen¢gentation of the visual stimuli was used to
mimic the prosodic contours in the auditory expemts and is described in the following
section.

To sum up, the properties of the stimuli could In@identical in the two modalities
(auditory and written), although they were credtedh the same materials. However, the tasks
used with written stimuli were essentially the saamehe tasks with the auditory stimuli and

stimuli and the presentation conditions were aslf@ras possible.

6.2.3. Visual presentation: single-screen and teveen

As a way to simulate the relevant prosodic breakbe reading experiments the now
ambiguous written sentences (with blot) were presskan two consecutive screens, creating a
visual ‘break’ at one of two positions: after Nbifeciding with the N1] prosodic boundary in
the auditory stimuli) or after N2 (coinciding withe N2] prosodic boundary in the auditory
stimuli). Thus the visual presentation now contanmssibly useful cue to the intended
structure, though there is no obligation for theder to treat it as such. Because line breaks in
printed prose are typically arbitrary with regaodsiyntactic constituency (i.e. there are no
alignment constraints in normal written text), threyist frequently be ignored by readers in
syntactic parsing of the text. To boost the pee@itoreak’ in the visual stimuli, the first portion
of the sentence was kept on the screen slightlydothan the second one, relative to the number

of words in each. The length of time for each digphas 50ms per word on the screen (which is
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within normal reading range) plus 150 ms blankrafie first screen (which is shorter than the
duration of silent pause in the auditory materidlsportantly, the blot-word always appeared on
the second screen, after the visual break, muettli& noise-containing word in the auditory
stimuli which always followed the relevant prosobddmundary. The displayed portion of the
sentence was centered on the screen and it filledger line across the screen for the long
version of an item than for the short version.

In addition, a single-screen presentation was asealcontrol condition in a separate list,
with different participants, as a baseline to bepared with the neutral prosody condition with
the auditory stimuli though the two are not fullgrallel, as noted above. Due to the specifics of
Bulgarian morphology and the particular lexicaiiteused? some of the complete sentences in
the long version were too long to be presented single line on a computer screen in a font that
could be read comfortably by participants. Therefsingle-screen presentation in the visual
word task was not in fact always single-line présgon for some target items. However, care
was taken that the relevant portion of the sentahgays be kept together: in the NP/S
Coordination items that could not fit on a singiee| the three nouns and the copula verb
partially obscured by the ink-blot were always ba same line, and in the two RC-attachment
ambiguity items that did not fit on a single lirettwo nouns and the relative pronoun were kept
on the same line. The line break came after theagmhbs portion of the item and looked like a
regular line break in typeghaterials that occurs at a random point becauseghehand margin
of the page had been reached. Similar looking lsreadte present in some of the adverbial

clause fillers that were too long to fit on a seghe.

%8 The definite article, for example, is a morpheimat is suffixed to the nouns, which are quite
long in their bare form and in the ‘long’ versiahss also repeated on the adjectives.



223

The single-screen presentation was illustrated Jrabove. The two-screen presentation
is illustrated in (5) and (6) below where the reglas demarcate the material that appeared on
each screen (but not necessarily how it was positian the screen).

(5)

a. NP/S-coordination: two-screen presentation sathitence split after N1

Haxkpas cpemuaxme AHI u MBan u Mumu G.B'BB BB3TOPT.

Adv \% N1 N2 N3 V PP

b. NP/S-coordination: two-screen presentation w&htence split after N2

Haxkpas cpemuaxme Aau u UBan 1 Mumn €.BT,B BB3TOPT.
Adv V N1 N2 N3 V PP
(6)
a. RC-attachment: two-screen presentation witheseet split after N1
[TonmeHuxa ajgBoKara Ha TIeBUIIaTa, 1-.r0 KyTI UMEHUETO.
[V N1 ] [of N2 relpron V N ]

b. RC-attachment: two-screen presentation withesexat split after N2
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IloameHxa agBoKaTa Ha IIEBHIIATA, 1'1'0 KYTIIH HMECHHETO.

[V N1 of N2 ] [ relpron V N ]

For consistency, the reflexive-possessive filléss dad contrasting two-screen visual
presentations when the target items were preseméado screens, although those filler items
were not ambiguous, and had a one-screen presentdtien the target items were presented on
one screen. The sentence was split after the vaafiey the noun (the point of each prosodic
break in the auditory stimuli) and the location wasssed with the punctuation contrast. The
other unambiguous fillers were presented on asisgleen or split between two screens,
depending on sentence length, but their presentatas constant across all the experiments.
The visually masked stimuli in the three preseatationditions were used in their long
and short versions in the silent reading visualdadvoice task, but only the short version was
used in the reading with repetition production tadke two-screen presentations were contrasted
in the same lists, while the one-screen presemtatas in separate list(s) like the neutral
prosody.
6.3. Experiment 4: ‘Ink blot’ silent reading experiments with visual word choice
6.3.1. Overview
This is the silent reading equivalent of Experimimtand Experiment 1c, using the same
set of materials in written form and the same Mist@d choice task. Participants would read a
stimulus sentence in one of the experimental cardif then see two words on the screen, and

their task was to indicate which of these two wosds in the sentence they had just read.
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Ostensibly, the task was merely to decide whictwofwords corresponded to the ink
blot-word in the preceding sentence, but eachetwo word-choices actually made a congruent
sentence in Bulgarian. Thus what the choice indtatas how readers were resolving the
syntactic ambiguity in the stimulus sentence. Tiffer@nt experimental conditions were
designed to probe the effects of presence andidocat visual breaks and of constituent length.
They are summarized in table 6-1 below:

Table 6-1 Experimental details for Experiment 4: Visual @ahoice

Experiment 4a Experiment 4b

Target materials
NP/S coordination ambiguity N=24 (12 short/12 long) N=24 (12 short/12 long)

RC attachment ambiguity N=24 (12 short/12 long) N=24 (12 short/12 long)
Presentation two-screen one-screen
Contrast: Visual grouping _
—split at N1
—split at N1
Constituent length Constituent length
Lists 4 2

The two-screen presentation was designed as & malgaing parallel of the informative
prosody in the experiments with auditory materéaid the one-screen presentation as a parallel
of the uninformative prosody. They were adminisddredifferent groups of participants and
treated as separate, related experiments: tworspresentation Experiment 4a (Lists 1-4) and
one-screen presentation Experiment 4b. This was tiofacilitate direct comparison with the

respective auditory experiments.
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6.3.2. Method

Materials

The target items were the 24 NP coordination itants24 RC attachment items
described above. Each of them had a short andMersgon. The long or short version of each
target sentence appeared in one of the two diffévemscreen presentations (Experiment 4a)
and also in the one-screen presentation (Experidt®ntEach participant only saw one version
of each item. The targets were counterbalancedadisis for item length and in the two-screen
lists also for visual presentation. They were spersed among the 36 filler items which were
identical to the Experiment 1 filler items and vndéd 12 sentences with the reflexive/possessive
(see Chapter 7), 12 with unambiguous NP/S coorigimair RC attachment and 12 with
unambiguous adverbial clause. The unambiguoussiieere used for screening out inattentive
participants, and also to encourage participangssome that there would be just one possible
grammatically correct interpretation of a sentefidee reflexive-possessive fillers had two-
sentence and one-sentence versions, crossed watfe Wie sentence was split in the two-screen
presentation (Experiment 4a) and counter-balantdialei one-screen presentation (Experiment
4b). The rest of the fillers were presented ingame way in all versions of the silent reading
experiment with visual word choice. Each list wasgeded by two overt practice items with
feedback, and two additional ‘warm-up’ items at leginning of the testing session. The types

of target and filler items are summarized in tai2 below.
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Table 6-2.Items in each list by construction type

Construction type example N items Word choices
NP/S coordination ambiguity 24 beSe / biaha
RC attachment ambiguity 24 kojto / koiato
Se/si ambiguity 12 se/si
Unambiguous NP-coordination 6 (3 sg verb, 3 pbyer beSe / biaha
Unambiguous RC-attachment 6 (3fem N, 3 masc N) jtokdoiato
Unambiguous adverbial phrase 12 (6 manner / 6 place) kakto / kadeto

Participants

Altogether 72 native speakers of Bulgarian (56 %dke) participated successfully in the silent
reading with visual word choice experiments: 48ia two-screen (Experiment 4a) and 24 in the
one-screen (Experiment 4b). They came from the smpalation (undergraduate students at the
University of Economics in Varna and Varna Freeuvdrsity) as the participants in the auditory-

stimuli experiments, but had not participated ienth

Procedure
The experiment was conducted individually with epalticipant in a quiet room. A
computer running DMDX (Forster & Forster, 2003) waed to present the visual stimuli in a
different pseudo-random order for each particifzantt to collect participant responses.
Participants pressed the space bar on the keylbo#tdger the visual presentation of an
item. Each sentence (target or filler) contained a wandiglly obscured by a simulated ‘ink-

blot’. After the stimulus sentence, participasésv two words located on a single line in the
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middle of the screen (at the two opposite endd@lihe, with clear space betweehheir task

was to select the word which had been ‘smudgethiensentence they had just read. Participants
indicated their choice by pressing one of two mdrkeys (the shift keys on the keyboard)
located on the side corresponding to the word thege. They had been instructed to answer as
quickly as possible and to guess if not sure. Thexg a fixed timeout of 9000 ms for responding
to the visual word choice.

The two word-choices presented with each target were the two morphological
cognates that disambiguated the sentence to aydartinterpretation and the disambiguating
portions of which had been obliterated from thesalsstimuli and replaced with the ‘ink blot’.

For the NP/S coordination ambiguity the two wordgevalways the number-marked forms of
the copula verbbiaha (‘were’) andbeSe(‘'was’); for the RC attachment ambiguity they were
always the gender-marked forms of the relative poorkoiato (fem) andkojto (masc). For the
filler sentences the two word choices were theedntlly appropriate word was paired with the
other word used in the same subtype of fillers ([@&2.).

The experiment was self-paced in the sense thatipants prompted the next stimulus
when they were ready, but the visual presentaticgach sentence had preset timing constraints

that were controlled by the program, as indicateava.

6.3.3 Predictions

As noted in previous section, the two-screen pitasien (Experiment 4a) was designed
to mimic the prosodic breaks in auditory stimubgrbfore the two contrasting visual
presentations of the stimuli were expected to gt®w cue to the intended structure by invoking

a ‘break’ which groups certain words together oa sareen, while separating others onto
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separate screens. When the reader encountersrithiatad visual break with the screen change,
s/he would perhaps project a prosodic boundarigahlbcation and consequently build an
interpretation of the ambiguous syntactic structmegruent with it. If that is the case, upon
encountering the blot-word on the next screen withidd most naturally project a complete word
that would fit lexically and morphologically intbé already projected syntactic structure.

Thus, for the NP-coordination ambiguity, particifsare expected to interpret the blot-
word as a plural copula verb when the sentencglitsby a simulated visual break after N1 and
as a singular copula verb when the sentence isadfdr N2. For the RC-attachment ambiguity,
participants are expected to interpret the blotdnas a relative pronoun that has the same gender
as N2 when the sentence is split by a simulatadaVvisreak after N1 and a relative pronoun that
has the same gender as N1 when the sentencetiaftgliN2. The obligatory comma may

independently promote a break before the RC (iter Bl2) and support the latter interpretation.

6.3.4. Results

Data for Experiment 4a (Visual word choice witlestl reading in two-screen
presentation) are presented below separately éotwth constructions to make reporting easier.
The dependent measure is the word selected byipariis as the word that belongs in the
sentence but was obscured by the ink blot. As Eg6r1 and 6-2 clearly show, visual grouping
resulted in different data patterns for the tw@edrconstructions. The response timeout for the
silent reading with visual word choice task resiiite a negligible amount of missing data (less
than 1% for RC attachment and less than 0.1% focddrdination).

The coordination ambiguity data, presented in Fediid, are coded as percent object-

coordination (N1+N2) responses (i.e. how oftendbjgula verb form chosen indicates by



230

singular number agreement that only N3 fills thject position in the second clause, while N1
and N2 are grouped together in object positiorheffirst clause) and percent subject (N2+N3)
coordination responses (i.e. how often the copaté form chosen indicates by plural number
agreement that N2 and N3 are grouped in subjediqgro# the second clause, while N1 is the

object in the first clause).

NP/S coordination

100%
(N1+N2) object

] (N2+N3) subject
coordination

50%

| (N1+N2) object
coordination

100%
(N2+N3) subject

short long short long
N1] N2]

Figure 6-1 Grapheme restoration responses for NP/S coordmammbiguity in Silent reading
(two-screen presentation) with visual word choice

As can be seen from Figure 6-1, for the NP/S coattchn ambiguity, the location of the
simulated visual break (visual grouping) had a sblaffect on the interpretation, similar to the
effect of prosodic boundary location in the corasing auditory stimuli experiment. When the
stimulus sentence was split between two screeasdft, participants judged N1 and N2 to be

grouped together far less (35%) than they did whersentence was split after N2 (80%). The
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observed preferences by visual break (visual gr@)mre in the directions anticipated in section
6.3.3 above on the basis of the auditory experiment

Constituent length also influenced preferencesmhbiguity resolution in this task, but
the effect of constituent length was only presardne of the break conditions and not in the
other. An analysis of variance confirms the effgfctisual break positionHy(1,44) = 185,
p<0.001,F»(1,20) = 190p<0.001) and shows an effect of NP lendti({,44) = 4.18p<0.05,
F2(1,20) = 3.560<0.074)and an interaction by subjeét(1,44) = 4.81p<0.05,F»(1,20) = 4.22
p<0.053).

The length contrast for NP/S coordination items aeseved by expanding the names
(N=12) with a second name and the common nounsZNwith an adjective, as described in
Chapter 3 (Experiment 1b). As a result, the lentfierence between the long and short
conditions of an item is three words. Manipulatihg length of NPs in the sentence produced
an effect only when the sentence was visually édiotnmediately after N1n that case,
participants only grouped N1 and N2 together ireobposition of the first clause (the grouping
opposite to the visual break) around 30% of thetiar short-NP items and around 40% of the
time for long-NP items. A paired t-test shows tiiés difference is statistically significant:
t1(47)=1.95p<.05,1t,(23)=2.63,p<.01. Thus, in effect, when the NPs to be proceasedbnger,
the visual break after the first noun tends to iseegarded more often than when the NPs are
short. When the sentence was visually split af2tié pattern of responses is identical for
short-NP and long-NP items: N1 and N2 were groupgdther in object position of the first
clause equally often for the two NP lengths: 80%heftime for short-NP items and 79% of the

time for long-NP items.
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The data in general are in line with what the RatldSpeaker Hypothesis (RHS, Clifton
et al., 2006) predicts: greater constituent lemg#tkes the interpretive contrast less sharp.
However, it is not clear why the NP length manipiolaonly affects the early visual break
condition. Perhaps because the N1] break in the shsion comes sooner than in the long
version it is ignored less often. However, it migbtthat the steady effect of the N2] break is
upheld by a Late Closure parse that would disfaypening a new clause early. A related
preference for NP coordination over S coordinati@s reported for similar sentences with only
two nominal conjuncts in silent reading in Dutclo@hs et al., 2002) which they explain by
reference to a simpler topic structure (see Chéapfer details).

Responses for the RC-attachment ambiguity resolupicesented in Figure 6-2 below,
are coded as percent high-attachment choicesha®. often the word choice indicates that the
RC is taken to modify the whole noun complex, asnghby gender agreement of the relative
pronoun with the first noun). The length contrastly common nouns in this construction,
N=24) was achieved through an adjective added tio W& and N2, making a two-word

difference for each sentence.
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RC attachment

100%
high attachment

O low
attachment

50%

m high
attachment

100%
low attachment

short long short long
N1] N2]

Figure 6-2 Grapheme restoration responses for RC attachimsitent reading (two-screen
presentation) with visual word choice

As is evident from the graph, visual grouping dad produce strong effects on the
interpretation for RC-attachment. For this ambiguparticipants’ choices hovered around 50%
with both break locations with the exception ofdatems split at the first nourlowever, the
means in each of the four conditions shows at eastmerical tendency in the direction that can
be expected based on the auditory experiments \détiathe short items there is a switch from
45% high attachment responses on items split abN5% on items split at N2. With the long
items the high attachment responses decreaserfwhan the item is split at N1 (34%), but are
at chance when the item is split at N2. An analg$igariance shows an effect of visual break
positionF; (1, 44) = 14.4, p<0.0%;, (1,20) = 9.66 p<0.003 he visual break contrast produced

only a small difference in responses on short it€l9%0), but a more sizeable difference on long
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items (18%). Paired comparisons show that botkediffces are significant (short iteri§94)=-
2.1,p<.05,1(46)=-1.98 ,p<.05; long itemst;(94)=-4.05,p<.001,t5(46)=-3.63 p<.001).

There are some parallels that can be made witautgory data. For example, splitting
the sentence at N1 produced in general a biggectdfian splitting the sentence at N2, parallel
to the fact that the prosodic break after the fimin was a stronger cue to structure than a
prosodic cue after the second noun. There is ardift pattern of responses on the short and the
long items. In particular, the short-NP conditigupaars to be less sensitive to the presence /
position of the visual line-break than the long-ddndition is.

The data from the one-screen presentation (Expetidi® are presented in Figure 6-3

below for the two constructions. The data are cade¢dde same way as for Experiment 4a.

NP/S coordination RC attachment
(N1+N2) 100% high
50% 50%
(N2+N3) 100% low

short long short long

Figure 6-3. Grapheme restoration responses for NP/S coordinahd RC attachment in
Experiment 4b: silent reading with visual word d®e(one-screen presentation).
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For the NP/S coordination ambiguity items partiaggaword choices indicate no reliable
preference with the single-screen presentation.pBtiern of responses is similar for short-NP
and long-NP items, showing no effect of visual grog (visual break position). Specifically,
when participants read an NP/S coordination seeteiith the ambiguous region all on one
screen, they grouped N1 and N2 together in objesitipn of the first clause equally often with
short-constituent items (57% of the time) and laogstituent items (56% of the time). As
shown by a single mean t-test, the means wereiffietatht from chance (presumed at 50%) for
either the shortt{(23)= 1.76p>0.05,t2(23)=1.71p>0.05) or the long itemg1(23)= 1.48,
p>0.05,t2(23)=1. 30, p>0.05), thus indirectly supporting ttonclusion that the divergent
preferences in the two-screen conditions were duleet relevant break in the visual
presentation. There was no effect of constituemjtle F1(1,22) = 0.063p<0.805,F»(1,20) =
0.019,p<0.891.

For the RC ambiguity items, when participants rémsdstructurally ambiguous sentence
on one screen, not divided by a visual line-bréla&y chose the word indicating high attachment
of the RC 56% of the time with short-NP items, wiveas not found to be different from 50%
chance;(23)=1.49p>.05,t,(23)=1.53,p>.05, but 40% of the time with long-NP iteta@3)=-
2.35,p<.05,t,(23)=-2.76 p<.01. An analysis of variance shows an effect oistituent length
F1(1,22) = 23.3p<0.001,F5(1,20) = 16.8p<0.05.

The percentage of high RC attachment responsesshttt items is actually very close
numerically to what was reported with comparaldens in the previous study on Bulgarian.
Sekerina et al. (2003) investigated different castis in their standard silent reading
guestionnaire study (position of RC and RC lendthj},the short RC items in canonical RC

position are similar to the short version item&kperiment 4b. For those items Sekerina et al.
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(2003) report 56.4% high attachment which is sintitethe 55.5% found with short items in
Experiment 4b. Another comparable finding in thevowus (Sekerina et al., 2003) and the
current experiments in Bulgarian was that lengtharfstituents affected preferences, although
different constituents were contrasted for len§ikerina et al. found that increasing RC length
produced more high RC attachment responses (63i894amg RCs in canonical position). In
the current study (Experiment 4b) the long NPs [oog RCs) drove the RC attachment
preference in the opposite direction, lowering haglachment responses to 40%. The RC in all
items in the current experiment is kept constartsscversions and is comparatively short. The
long NP items on the other hand have added lengthoth the first and the second noun, so the
NP of NP phrase is quite long. Therefore, a findimgf with longer NPs as the potential heads,
the relative clause tends to attach low is in limidn a balanced prosodic structure proposal like
the Same Size Sister constraint (Fodor, 2002).

The combined data for the silent reading with isuard choice experiments is given for
comparison in Figure 6-4 below, which clearly shdkes different data pattern for the two
constructions. The data are presented as % oljécarid N2) vs. subject (N2 and N3)

coordination for the NP/S coordination constructama % high vs. low RC attachment.
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NP/S coordination RC attachment

100%

(N1+N2) high

N1+N2
object

high RC
attachment

50% 50%

N2+N3
subject
u]
low RC
attachment

(N2+N3) low

short long short long short long short long short long s hort long
split at N1 splitat N2 one screen split at N1 splitatN2 on e screen
Expt 4a Expt 4b Expt 4a Expt 4b

Figure 6-4. Silent reading with visual word choicemparison of the contrasting two-screen
presentations (Experiment 4a) and the one-scresseptation (Experiment 4b)

For the NP/S coordination ambiguity the data patiedistinct and somewhat resembles the
pattern with the auditory materials. The two-scrpesentations in Experiment 4a yielded
reliable preferences in the expected directiongémh visual break, though not as strong as the
preferences created by the prosodic breaks inutigoay experiment. The one-screen
presentation, however, did not produce a preferanmdéke the neutral prosody in Experiment
1c. An analysis of variance further confirms the three conditions produce different effects on
the NP-coordination ambiguity(2,46) = 78.0 p<0.001) and showed no interacticth WiP
constituent length (F(2,46) = 2.35 p>0.10).

For the RC attachment ambiguity, responses ondh&asted versions were quite close
and mostly at chance level (with the exceptioroofylitems with N1] break), but showed at least

a tendency in directions of the preference wittheasual break corresponded to the
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disambiguation by the prosodic break in that lapatn the auditory stimuli. An ANOVA on the
response means by itéhshows that the visual grouping of the sentencet¢see divided at

N1] or N2], or one-screen) affected word choicéath the short-NP condition, F(2,46) = 5.12,
p<0.005, as well as the long-NP condition, F(248R.7 p<0.001 and an interaction, F(2,46) =
3.54 p<0.03. Constituent length affected the patbérresponses in all presentations in the same
direction: the added length of the NPs producesertaw attachment interpretations of the rather
short RCs that were used in the target itethe effect was miniscule in the items split aft& N
where it was counteracted by the visual break ppasgion, but was more pronounced in the
items split after N1 and the one-screen presemtailith the one-screen presentation the
observation of interest is that the data pattethénpresent study resembled the results from the

previous study on Bulgarian, insofar as the twocaraparable.

6.3.5 Discussion

All'in all, the results of this experiment are muabre variable than for the parallel
auditory stimuli experiment (see Chapter 4, sedli@®¥). It may be speculated that performance
is affected by individual-level factors such as neyrspan and/or reading speed. A participant
with low memory span may have lost track of theil@igg of the sentence by the time of the
word choice task, especially for the longer sergerarsions. A slow reader might need the full
display time for the first sentence segment jusirarer to decode the words, and would not
perceive the break so prominently as a fast reatlerhas read all the words and has to wait for

the next screen.

%9 Only the items data could be compared, becausiéetiegroups are constant across lists but
the subjects are different for the one-screen adscreen conditions.
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Nevertheless, there are certain interesting siméarbetween the visual and the auditory
experiments that can be explored. Figure 6-5 beloews the grapheme-restoration responses in
response to visual break locations in Experimegibsgside the phoneme-restoration responses
in response to prosodic break locations in Expenime The data are coded differently (only as
% object coordination and % high attachment) ireortbt to make the graphs too busy (the

upper part of each bar in the other graphs is rexhdnere in order to use one scale from O to

NP/S- coordination RC-attach ment
100 o Yo object coordination % high atttac  hment
20 ] [} W noise @blot
80 [ ]
70 O noise 0O blot
60 —
50 ] L
40 - —] ]
30 ] -
20 —
10 -
o
N1] N2] N1] N2] N1] N2] N1] NZ2]
short long short long

100).

Figure 6-5. Comparison of visual word choice dait# wuditory and written stimuli

Clearly the effects of a visual break in the siler@ding experiment bear some partial
resemblance to the effects of a prosodic breakarsaime position. Note that the aim of this
study was to mimic as closely as possible the pmenestoration experiment in the written
modality, so the visual breaks in this experimeatenquite prominent and incorporated a pause,
which is not typical of breaks in text in generdhe comparison shows that while they were

helpful to some extent, the visual breaks in thesentation in silent reading did not achieve the
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same level of disambiguation as overt prosodickz@athe listening study. This finding can be
expected, as overt prosody and visual presentdbamt have the same status. Prosodic
phrasing is linguistic in nature. Though it has sdatitude for variability, it is governed by
linguistic rules/constraints, and is a standardfouelisambiguating syntactic structure. In
contrast, visual breaks in text are usually arbjtfeom a linguistic perspective and regulated by
nothing more than practical matters such as thedod the page/screen size. Because of this
they are not standardly used as a cue to strudtacating the visual breaks in the positions
characteristic of prosodic breaks can give the &rsome of the power of the latter, by
influencing the prosodic contour projected by thader onto the stimulus (Fodor, 2002),
(perhaps just mechanically, due to extra time t@tbby the visual break). But it does not
guarantee that the reader will make use of theavisfiormation. In other words: though ‘visual
prosody’ phenomena undoubtedly do occur in sentprax@essing, there are good reasons for
expecting them not to be as robust as prosodicioumsditory presentation.

Another general finding is that visual grouping as$ equally effective across syntactic
constructions. It had a substantial influence oncstiring the NP/S-coordination sentences, but
only a weak effect on the RC-attachment sentefi@esompare with the auditory experiments:
the effect of an overt prosodic contour was matef@# both constructions but it was stronger
(or more stable) for the NP/S-coordination thanR@-attachment. Perhaps some syntactic
structures, such as coordination, are more inhigraligned with prosody (overt or projected)
than other structures, such as RC-attachment. sesisiied in Chapter 3, prosodic grouping
through placing prosodic breaks in one positionrmitin another is essential for structuring the
NP/S coordination (and coordination in generaBpoken language. The RC attachment

construction on the other hand is not so straigiMdodly disambiguated by prosody and the
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effects of the prosodic breaks in the two locatiaresquite different: the N1] break is a strong
prosodic cue for low RC attachment, whereas thel¥dk has a lesser effect on promoting
high attachment. This asymmetry may be relatetig¢altscontinuity or lack of it in the syntactic
structure, or to the location of the break insid#rang sense unit (discussed in Chapter 3). Or it
might be a function of the greater linear distabe®veen N1 and the RC in the string: in order to
promote high attachment, a prosodic boundary seggatie RC from N2, but that also
inadvertently makes it more distant from the hefith® complex NP that the high-attaching RC
modifies. This crucial difference between the taget constructions with respect to prosodic
effects transfers to reading, at least with the typpresentation that mimics prosodic structure.
Constituent length effects were manifested fortéhe constructions in a similar pattern:
the responses on items split at N2 were not sianfly affected by added NP length. The fact
that for the NP/S coordination ambiguity the NPgiisnmanipulation showed an effect only with
the N1] break is compatible with the RSH proposal uditory input) that a non-structural
reason for a break makes it less effective asuatsiral disambiguation cue. In the N1] visual
break presentation, the visual break is ‘ignored. (N1 and N2 are grouped together in spite of
the break) more often when N1 is long (40% of reses) than when it is short (30% of
responses)lhis can be attributed to the fact that in theelatase the break could have been
prompted just by the length of the first conjurniotthe N2] visual break presentation N1 and N2
are not separated even when they are long, whigbosts the intended interpretation. Also, as
noted earlier, there is evidence that NP coordinas preferred over clause coordination in
silent reading in the absence of other cues (Hetks&, 2002 for Dutch; Frazier, 1987 for
English), which in the materials for the currenpestment may translate into a Late closure

advantage for object coordination over subject dmation. For RC attachment a similar
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explanation can account for the significant effefcadded NP length in the N1] break
presentation compared to the very slight numedd#rence in the N2] break presentation. On
the other hand, we cannot exclude a simple ‘digtaexplanation of constituent length effects
for both NP/S coordination and RC constructionghia experiment: longer NP put more
distance between the relevant break in the stimaraisthe post-sentence response (word
choice). For RC attachment in particular the lorfgBrafter the break creates a greater distance
from the head of the complex NP at the responsa pehich might allow the ‘closer’ possible
antecedent for RC to take over more often.

It should be noted that the obligatory comma dithumst high RC attachment as was
tentatively expected. That seems strange at fiastog, because that comma is a marker for the
default pre-RC prosodic boundary in speech discugs€hapter 2 (section 2.3.4). However,
these very facts may hold an explanation. NotettiteV NP of NP RC construction is very rare
in Bulgarian and the more typical utterance ortenitsentence involving a RC will actually
contain a different string, namely NP RC, in whibk phrasing and punctuation also apply.

A comma is also obligatory before adverbial clauseBulgarian with a similar
correspondence to phrasing. That is, a comma ntlagikdlseginning (or the end, or both
depending on its position in the sentence) of amyprlinate clause in Bulgari¥rthat will be
marked prosodically in speech. Thus, neither tHgatory comma in an NP of NP RC sentence,
nor the default prosodic break in that positionakhit stands for is inherently associated with
high RC attachment. The comma serves to sepamatevthclauses and perhaps indicates that the
subordinate clause refers to some element in the cheuse (i.e. the relative pronoun or

adverbial complementizer need to find a coreferdo)vever, RC attachment will still be

% Contrastive clause that start with ‘no’ (but) aad(and/but) also are preceded by an
obligatory comma.
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ambiguous, unless it is disambiguated by morpholigigreement (as the case often is in
Bulgarian). Perhaps this discussion relates alsbet@ole of prosodic break associated with the
comma in those positions. If the prosodic break2tindicates that the RC needs to find a
referent in the main clause (and there are two)enthe break at N1 indicates that the PP needs
to attach to N1 and thus blocks the RC, that wifilain the persistent asymmetry of the prosodic
effects for NP of NP RC.

The above may be speculative. But there are calses the obligatory a comma, corresponding
to a prosodic break will disambiguate successfatiyambiguity involving RC interpretation in
Bulgarian. However, it is not an attachment amhiguiut a main clause — reduced clause
ambiguity such as the one in (7) below.
(7)
a. . Patnitsite izpusnali poleta i se nalozilo dasiat hotel.
Travelers miss-past flight-det and needrefbsearch hotel
‘The travellers missed the flight and haditalfa hotel.’

b. Patnitsite, izpusnali poleta, mogat da palwawer za hrana na informatsiata.
Travelers miss-past flight-det can to nezevoucher for food at information
‘Travellers (who) missed the flight can gebad voucher at the information desk.’

The sentence in (7a) has two conjoined clauses@tgightforward ‘sequential’ interpretation
while the sentence in (7b) resembles the ambigtibus horse raced past the barn fell.”
However, it will not be hard to process in writtiemm, because the obligatory punctuation

marks the beginning and the end of the relativasdavhich correspond to the way the sentence

will be spoken.

All'in all, the data pattern in the visual word a@®experiments reported in this section
show that visual breaks in the input for silentiag can to some extent mimic the effects of

prosodic breaks and give readers cues to the grgugficonstituents, but the strength of the
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disambiguation is contingent whether the breakdamated at positions where prosodic breaks
tend to be most effective. Constituent length @ndther hand is not an arbitrary factor in written
text and can create prosody-like effects or mottigm.

From a methodological perspective, the graphemstenaion paradigm may be a useful
tool in reading studies. But more subtle ways tektae disambiguating word and mimic

prosody in reading would make it more valuableraggestigative tool.

6.4. Experiment 5: Silent Reading with Sentence regition
6.4.1. Overview

Experiment 5 is the silent reading equivalent gb&xment 2's auditory presentation
with the Sentence repetition response task. Paaiits see each stimulus sentence in one of the
experimental conditions described in section 6.2ty read it silently and after it has been
removed from the screen they have to say it alblasv they pronounce the word with
graphemes obscured by the ‘ink blot’ reveals hosy thave resolved the syntactic ambiguity.
From this it can be established whether particganterpretation is affected by the
presence/location of visual breaks. Much like thetence repetition protocol with auditory
input, the Reading with repetition task does né¢rodpecific word choices, so it does not draw
attention even to the lexical ambiguity of the bAaird. Participants’ attention is focused on
remembering and reproducing the sentence accurételiyn Experiment 4, the two-screen
presentation versions are contrasted within paditis (Experiment 5a) and the one-screen
presentation version is administered to a diffeggatip of participants (Experiment 5b). No

constituent length contrast was included in ordenaike the production experiments with
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auditory and visual stimuli parallel, and to avoikrloading participants’ memory capacity.

They details are summarized in table 6-3 below.

Table 6-3 Experimental details for Experiment 5: silentdieg with sentence repetition

Experiment 5a Experiment 5b
Target materials:
NP/S coordination ambiguity| N=24 N=24
RC attachment ambiguity N=24 N=24
Presentation Two-screen One-screen One screen
Contrast: Visual grouping _
—split at N1
—split at N1
Lists 2 1

6.4.2. Method
Participants

Thirty-six native speakers of Bulgarian (53% femalarticipated successfully in the
silent reading with repetition experiment: 24 ie tivo-screen presentation (Experiment 5a) and
12 in the single screen presentation (ExperimentAlbwere native speakers of Bulgarian,
drawn from the same population as for Experimegpadicipated. None had taken part in the

previous experiments.

Materials
Experiment 5 used a subset of the visual stimuh &n ink-blot word that were created

for Experiment 4, namely the short-NP versionssMas done in order to make the target items
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parallel to those in the Sentence repetition witti®ry stimuli (Experiment 2a-b) where only
the short versions of the auditory stimuli weredjsand also to make the participants’ task less
demanding in terms of short-term memory. The pradgiem conditions were as described for
experiment 4. Two contained contrasting visual gnog of constituents with the sentence split
after the first noun or after the second noun. fAlirel presented the sentence on a single screen
with no explicit grouping of constituents. They wexdministered as separate experiments (see
Table 6-3) to match the informative and neutrakpay experiments with auditory stimuli.
Procedure

As in Experiments 2a-b, participants were testedvidually in a quiet room. The
presentation was self-paced in the limited senskthie participant, when ready, had to press a
button to call up the next stimulus sentence. Tiesgntation algorithm was the same as in
Experiment 4 (50ms per word and in the two-scressigns an added 150ms to imitate the
pause in auditory stimuli).

The task was to silently read the sentence onditees and then say it aloud, beginning
to speak as soon as the microphone icon appearét @ereen, which was synchronized with
the offset of the visual sentence presentationirAghis was done in order to make the task
parallel to the sentence repetition task with thaitary stimuli. DMDX controlled the
presentation, including the different pseudo-ranations of the materials for each participant,
and collected patrticipant responses. A response-dut was set for 9000 ms from the point at
which the microphone icon appeared on the screen.

The dependent measure in this experiment was ¢lqeéncy with which the blot-word in

the stimuli was replaced in the participant’s otipyia word that created syntactic structure
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compatible with the visual line-break, e.g., a plwerb in the coordination items when the

sentence was divided after N1, but a singular wérbn the sentence was divided after N2.

6.4.3. Predictions

As for the visual word choice (Experiment 4a) itswyaedicted that the visual break in the
stimulus sentence in the two-screen presentatispgiment 5a) would facilitate a particular
interpretation of the sentence. More specificabgh visual break position should encourage
restoration of the missing graphemes in the bloteWto create a word that makes the sentence
structure compatible with a break in that locatidhe effects were expected to be comparable in

directionality but not in size to the effects obpodic breaks in the auditory experiments.

6.4.4. Results

Data for Experiment 5 (Silent reading with senterggetition) are reported below. The
dependent measure is the word produced by pamitsipa place of the blot-word. The response
timeout was 9000ms, which was higher than in thtary production experiments, but still
resulted in a rather large proportion of missintadampared to the silent reading with visual
word choice task in Experiment 4 due to some rangsibeing terminated before the target
word had been spoken. A higher percentage of regsosre missing for NP/S coordination
items (17% missing responses) than for RC attachitens (7% missing responses), because
the NP/S coordination sentences were sometimeegidtite template included optional
elements in the beginning of the sentence for aatass) and the target word came very close to
the end of the sentence, so recordings were mafy lio be cut off before the target word was

pronounced than for the RC construction where sestewere uniform in length (number of
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words) and the relative pronoun was more or lesseamiddle of the sentence. Another factor
potentially contributing to the higher percentaenessing data for NP-coordination is the fact
that half of the NP-coordination items containestrang of names which may be hard to recall
and reproduce (as the names, unlike the commonshaare arbitrary in relation to each other
and to the semantics of the sentence), resultimgare hesitations and false starts and ultimately
more terminated recordings. Note that in the siteatling with visual word choice task
(Experiment 4) remembering the specific names woasmucial to responding on an item. It was
enough for participants to compute a structurdgtfersentence (i.e. one person or two people)
during their silent reading of it, based on whikbyt could form an expectation about the
grammatical markings of the word that was maskegl,(eeferring to one person or two, hence
singular or plural morphologyhe participants were asked to read carefully arsivar

promptly, but they were also told in advance thatword choices will be repeated often, so they
knew that they were not going to be asked abouptbper names for example and could safely
ignore these, for memory purposes.

In Experiment 5, by contrast, the participant hmddmmit every word to memory during
the silent reading in order to repeat the sentefuis. may have caused greater difficulty with
the proper names items in the NP/S coordination.

The data for the two-screen presentation (Experifbanare shown in Figure 6-6 below.
The data are coded as in figures 6-1 and 6-2 atoo\Eexperiment 4. That is the NP/S
coordination ambiguity data are coded as % objétthordination responses vs. % subject NP-
coordination responses (i.e., how often N1 + N2gaoeiped in object position of the first clause
as revealed by verb agreement with the singulavs\Bow often N2 + N3 are grouped in

subject position of the second clause as reveale@iti agreement). The RC-attachment data



249

are coded as % high-attachment responses vs. %ttashment responses (i.e., how often the

relative pronoun produced by participants agreegeirder with N1 and how often it agrees with

N2).
NP/S Coordination RC attachment
(N1+N2) 100%
| |
N1+N2 high RC
object attachment
50%
[}
N2+N3 low RC
subject attachment
0,
(N2+N3) N1] NZ] 100% NI) N2]

high

50%

low

Figure 6-6. Grapheme restoration responses in Experimenil®at eading (two-screen

presentation) with sentence repetition

It is clear from Figure 6-6 that (as in Experiméhwvisual grouping did not affect the two

structural ambiguities of interest equally. It veaseffective tool for disambiguating NP/S

coordination structure (on the left in Figure 64&)f not so for the RC-attachment ambiguity (on

the right in Figure 6-6). For the NP/S coordinataonbiguity a visual break dividing the

sentence immediately after N1 resulted mostly imesgces grouping N2 and N3 as a coordinate

subject of the second clause, whereas a visuak oliealing the sentence immediately after N2

resulted in a much higher proportion of groupingatl N2 as a coordinate object of the first

clause. The difference between the proportion ggabNP coordination responses with the two

contrasting presentations (26% and 87% respectitleyblack bars on left) is statistically
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significant, showing a main effect of visual breadsition:F; (1,22) = 176.99<.001,F; (1,20)
=122.42 p<.001. There is a slight numerical advantage fentisual break after N2 in the
number of interpretations consistent with the brieaktion. This was not predicted on the basis
of the auditory experiments, but it is consisterithwhe preference for NP over S coordination in
silent reading found for Dutch (6.3.4). In genetlag responses for this ambiguity with the two
screen presentations replicate the short itemsfaataExperiment 4a.

For the RC-attachment ambiguity, on the other h#raltype of visual presentation
(position of the visual break) did not constituteseful cue for structural disambiguation.
Responses in the two conditions with a visual bredke ambiguous region were not
statistically different (N1] v. N2JA 3%, F; (1,20) <1 and~;, (1,22) <1).

The data for the single screen presentation (Exyeari 5b) are presented in Figure 6-5
below in conjunction with the data from Experim&at The dependent measure is again the
word produced by participants in place of the imdtlwvord and coding of the data is the same as

for the two-screen presentation.



251

NP/S Coordination RC attachment

100% 100% high
(N1+N2) RC attachment

n
N1+N2  high RC

object attachment |
50% 50%

O
N2+N3 low RC
subject attachment

100% low
RC attachment

100%
(N2+N3) N1] N2] one screen N1] N2] one screen

Expt5a Expt5b Expt 5a  Expt5b
Figur_e_ 6-7. Grapheme restoration responses in Experimene&t$eading with sentence
repetition
With single-screen presentation (no break in thbiguous region) the pattern of responses
differed for the two constructions. For NP/S coosadion items participants gave numerically
more object-coordination responses in this task wite screen presentation (65%) than were
given in the word-choice task (Experiment 4b), wate still at chance in the subjects analysis as
shown by a single-means t-teatffom chance=+15%1=(11) 1.74p=.054;t2=(23) 3.38,
p<.01).For the RC attachment items participants produlseddlative pronoun indicating high
attachment less in this task (43%) than they diti ¥ie short items in the visual word choice
task (Experiment 4b), although the mean was né&reifit from chance by subjects ffom

chance=-7%1=(11) 1.72p>.05;t2=(23) 3.37p<.01).
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6.4.5 Discussion

The prediction that participants would make usthefvisual break in the stimulus to
resolve syntactic ambiguity in their reproductidrsitently read sentences was confirmed only
for one construction type: NP/S coordination.

Since the task in the present experiment is afiredfproduction task, memory and
attention span are likely play a part in particiggaperformance. Note, however, that the NP/S-
coordination items which were in general longenttiee RC attachment items responded better
to the visual break manipulation. The two item typéfered with respect to position of the blot-
word in the sentence. For NP/S-coordination itemesitiot-word came later than in the RC-
attachment items. There is no obvious reason wisywbuld give an advantage to the former,
but perhaps having processed more of the sente&foecthaving to supply the missing piece of
the critical word allowed the reader to form strengxpectations of its features.

This observation is in alignment with the word-ateodata from Experiment 4 and may
be related to the difference between the two caostins with respect to the disambiguating role
of prosody in the experiments with auditory stimAls the results of the visual word choice
silent reading experiments reported in this chaiptgeneral show, visual grouping is an
effective way of disambiguating NP/S coordinatiparhaps because grouping by prosody is
essential in disambiguating it in speech. (Seeudson in section 6.3.5 above.)

Participants’ responses on the two target constmin Experiment 5b were at chance,
but they show a similar tendency toward a structivae is consistent with a Late Closure
interpretation. For the NP/S coordination the tenges for grouping the second noun with the
first and opening a second clause later. For th@afZhment items the tendency is to produce

low attachment sentences.
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6.5. Summary

The experiments reported in this chapter confirat ghvisual break in a specific location
does provide the reader with useful hints as tesymeactic structuring of the sentence. Granted,
the visual break in the written stimuli is not eqalent to a prosodic break in spoken stimuli,
which provides genuine prosodic cues to sentemaetste derived from the syntax-prosody
mapping constraints. As noted above, a regulardieak in reading, unlike a prosodic break, is
not linguistically driven, and is rarely (indeechlypaccidentally) correlated with a syntactic
boundary. In contrast, the visual breaks in theeru experiment were purposefully aligned
with prosodic break locations and made more prontjrigecause the aim was to find out
whether it was possible to induce prosody-like kseand associated interpretive effects in
parallel to the auditory experiments. It may beuaywhether the visual breaks in Experiment
4a and 5a provided a genuine cue to structure ethen the pause simply delayed parsing,
allowing time for various phrase-completion proessahich would not have occurred in fully
fluent reading. The different effects on the twostouctions, especially the fact that
coordination structures are consistently disamhgpiy grouping in speech and the fact that
the NP/S coordination benefitted more from the aigiouping in these experiments, lend some
support to the former.

All'in all, the experiments reported in this chapiere useful for the overall purpose of
this research. The identical materials and paradk}s make it possible to establish similarities
and contrasts in sentence processing in the aydital visual modalities. The reading tasks

reported here retain the advantage that the phomnest@ration protocols of Experiments 1 — 3
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have, of eliminating intrusive comprehension quesj and encouraging more naturalistic
processing, while still uncovering ambiguity-resan preferences.

A practical conclusion is that the visual-maskingthod needs to be refined to make
grapheme replacement by a visual ‘ink-blot’ as uneive and natural as phoneme replacement
by white-noise in the auditory stimuli. Perhapsrdablot is not so natural looking in the digital
age and an alternative masking of the graphemésvaemik better. For example, a strategically
placed pop-up on the screen may obscure them fiem \Fhe presentation set-up can also be
made to resemble an everyday situation, by haviagéntence displayed on a ‘screen’ or a
‘web page’ with the relevant configuration of wot®wing and the rest blurred, which would

actually give the experimenter flexibility to mdreely manipulate the display.
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CHAPTER 7
DIRECTIONS FOR FURTHER RESEARCH
7.1. Extending the phoneme restoration paradigm tother constructions.

The coordination and relative clause constructaiasussed in previous chapters were
deliberately chosen for testing the new methodolaggause they are familiar in
psycholinguistics; there are existing data coll@dteother languages using different methods.
Now that the phoneme restoration method has bdatated for these constructions, it can be
used with confidence to explore other constructitias have not been studied before. One such
construction, an accusative/possessive refleximgrast, was included as a filler item in all the
experiments reported so far. Details on the syatakprosody of this construction, and the data
collected with the three response tasks are predeémtsection 7.2. The item power was low
(only 12 item pairs), so a more extensive study bwygalled for in the future, but the present
results are nevertheless of some interest.

Five additional constructions in Bulgarian wereliiged in a separate pilot experiment
using spoken input and the visual word choice ths&ussed in Chapter 3. They exemplify a
variety of types of prosodic disambiguation, in @fhthe various prosodic cues (such as
presence or absence of prosodic boundary, locafiprosodic boundary, intonation contour,
and grouping) interact with lexical-morphologicaamnbiguation that can be obscured by
phoneme replacement. The syntactic and prosoditasisa compared and the data for these

constructions are discussed in section 7.3.

7.2. Accusative/possessive reflexive

7.2.1. Syntax and semantics of the accusative/pss®ereflexive sentence pairs
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The Bulgarian accusative/possessive reflexive anityigvas described briefly in section
3.1.3, because it was included as a filler consityaan all the experiments reported so far. They
were the 12 ambiguous fillers that were disambigdiaorphologically and prosodically in the
auditory experiments reported in Chapter 3 and @nap Each of these items consisted of a
sequence of two statements which required an IP&kidnetween them. The morphological
disambiguation involves a different reflexive pranan (1a) and (1b) that fits into a different
structure. The prosodic disambiguation involvesldication of the prosodic break. The example
in (1a) will be referred alternatively as “accusatreflexive” or “early break” and the example
in (1b) will be referred as “possessive reflexioe™late break”.

The first sentence in each utterance containedhatiaat could be either transitive or
reflexive. The word that differed between the tvewsions was the reflexive partideversus
the direct object possessive modiBerThe accusative/possessive reflexive ambiguity is
illustrated in (1) below.

1)

a. Accusative reflexive (reflexive as direct objexstablishing that the action of the
transitive verb is directed at self, i.e. subjedtifeot)

ObicaSe da se hvali || Detsata [ te go znaeha.
tIJ_ike-sg-past to refl praise children-det  and they it know-pl-past

He liked to brag (about himself). The children evarew it.

b. Possessive /genitive reflexive (establishinglation between the direct object and the
subject of the transitive verb)

ObicaSe da Si hvali detsata. || I te go znaeha.
Like-sg-past to one’s praise children-det and they it know-pl-past

He liked to praise his children. And they knew it.
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The particle ‘se’ in (1a) is the accusative shortif of the reflexive personal pronoun in
Bulgarian. The full form of the reflexive persomeibnoun is ‘sebe sioheself and like all
personal pronouns in Bulgarian it has a short flomhe accusative that cliticize to the verb
(Pashov, 1999), e.g. on the verb ‘hvatitdise in (1a). In general, the clitic ‘se’ adds reflei
meaning to the verb, i.e. ‘do the action to ond-sas in ‘skrivam’ hide) vs ‘skrivam se’ ljide
myself or ‘obliczam’ (dresg vs. ‘oblicam se’ get dresseld™. The reflexive particle fills the
direct object argument slot, so that a transitiggwsed with ‘se’ cannot take another direct
object, e.g. ‘obliam bebeto’dress the baljyis a grammatical phrase, but ‘ataim se *bebeto’
(dress refl the bahyis not. Unlike the other personal pronouns tliexese clitic does not
change in person or number for agreement.

The reflexive se-particle can precede or follow\vkeb, depending on phrase structure
but also perhaps on rhythmic/prosodic groundslj@striated in (2) below. When ‘hvali’ is the
head of a verb phrase that has an overt subjecpatticle will obligatorily precede the verb, as
in (2a), but when the subject is null (which is meommon), the particle will follow the verb, as
in (2b), unless there is another element of the parase that precedes it, such as an adverbial
phrase (2c).

(2) a. Ivan se  hvalte ima vrazki.
Ivan refl brag that have connections
Ivan brags that he has connections.

b. Hvali se¢e ima vrazki.
Brag refl that have connections

® However, it is also obligatorily used with somehg&where the action is not strictly reflexive,
e.g. ‘'usmihvam’ ¢mile. The experimental items in this research conthomdy the accusative
reflexive ‘se’
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He brags that he has connections.
c. Véno se hvalice ima vrazki.
Always refl brag that have connections
He is always bragging that he has connections.

These word orders are obligatory, and may be sunupes ‘the short form of the
accusative reflexive particle cannot be the firsroelement in the verb phrase’. In that respect
it behaves like the short forms of all accusatikenpuns in Bulgariali. The
accusative/possessive reflexive ambiguity itemsl usé&xperiments 1-3 were constructed so
that the reflexive always preceded the verb it elaigized to. For example, in (1) it obligatorily
comes between the subordinating conjunction ‘tg’dnd the lexical verb ‘hvali'graise
which is the subordinate verb in the complex VP.

The reflexive possessive particle ‘si’ in (1b) isgar to ‘se’ in that it is also a reflexive
clitic. It is the short form of the possessive e&i’e pronoun in Bulgarian ‘svojofies owh In
their full form, the possessive pronouns in Bulgarfincluding the reflexive possessive) are
overtly marked for gender and number to agree thighfeatures of the noun they modify, as
shown in (3a) below and can take the definite ktias shown in (3b). The short forms,

however, do not inflect and can never be used wttaaoun, as shown in (3c).

3)
a. Possessive Reflexive possessive
Masculine moj telefon my phone  svoj telefon (one’) own phone
Feminine moia kola my car svoia kola  (one’) own car
Neuter moe jake  my jacket  svoejake (one’) own jacket
Plural moi detsa my children svoidetsa (one’) own children
b.

Vze moiata kola. Vze svoiata kola.

%2 All personal pronouns have a full and a short aatiws form and the short form is used in the
same position in sentences like (2) as the shamt fif the reflexive.
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Take-past my(fem-defar(fem)  Take-past one’s own(fem-detar(fem)

(S/he) took my car. (S/he) took his/her own car.
C.

Vze kolata mi. Vze kolata si.

Take-past car(fem-defmine Take-past car(fem-defone’s own

(S/he) took my car. (S/he) took his/her own car.
Vze mi  kolata Vze Si kolata
Take-past mine car(fem-glef Take-past one’s own car(fem-ylef
(S/he) took my car. (S/he) took my car.

The short form of the possessive pronouns in Bidgdincluding the reflexive) coincides
phonologically with the short dative form of thergenal pronouns. In some cases, the two may
be hard to distinguish. For example, the short forifda) below is dative and the short form in
(4b) is possessive, but the status of the shamt far(4c) is less clear. It appears very similar to
(4a) but the verb is not ditransitive like the verl{4a) and the sentence in (4c) means means the

same as (4b).

(4)

a.Sipa mi/si pitie.
pour-past to me /refl drink
(He)®® poured me / himself a drink.

b. Izpi pitieto mi/ si.
drink-past drink-def my / refl
(He) drank my / his drink.

c. Izpi  mi/ si pitieto.
drink-past my / refl drink
(He) drank my drink.

% The null pronoun and the reflexive pronaiin these sentences are not gender marked in
Bulgarian; ‘he’ and ‘himself’ in the glosses aredsere for simplicity.
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The ‘si’ in the accusative/possessive reflexivélin) is similar in that respect. It is
treated a possessive, not a dative because it m®tlie noun, not the action. The sentence in
(1b) can have the full form of reflexive possesga®in 3a), i.e. ‘Oldase da hvali svoite detsa
or have the short form follow the noun as in (3wl &b) ‘Obtase da hvali detsata’sihey all

have the same meaning, but using the full form makeore formal.

7.2.2. Prosodic properties of the accusative/pessseseflexive utterances

The prosodic contrast for the accusative/possessflexive items involved the position
of a sentential or clausal break, which is illustdain Figure 7-1 below. In the accusative
reflexive example (1a) the first sentence endgs #feverb (early break prosody), and the
following NP functions as the overt subject of #egond sentence. In the possessive reflexive
example (1b) the first sentence ends after the mduch is the direct object of the transitive
verb (late break prosody) and the second claussefdence) has a null subject. Bulgarian
signals a sentence boundary prosodically with tonational phrase break marked by pre-
boundary lengthening often accompanied by a paudaypically a falling intonation. That is
the prosodic contour of (1a) shown in the uppet pFigure 7-1. The prosodic contour of (1b),
which is shown in the lower part of Figure 7-1, hasontinuation rise that is more typical of
non-final clauses, but is also used in utteranads more than one sentence to signal that there
is more to come. In a sense, the early prosodiadieny contour in (1a) is more definitive than
the later one in (1b) because in (1a) a clearlykethsentential boundary comes between the
initial statement and the follow up statement, velasrthe two sentences in (1b) are produced

more like clauses in coordination.
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Early break: \Y Il N
(1a) Obicase da se hvali Detsata | te go znaeha.
tsec) 0200 0400 000 0500 1,000 17200 1400 17600 1,300 27000 27200 2400 2500 27500
e =1zl
™
\\g ht
t[sec) 0200 0400 000 0500 1,000 1,200 17400 1600 B00 2000 2200 2400 200 EXCT
Late break: V N 1
| RN = |~
(1b) ObicasSe da Si hvali detsata | te go znaeha.
tsec) 0.200 0400 000 0800 1,000 1.200 1400 1600 13300 21000 2200 2400 2500 2800
L =[x
= ™~ \
t(sec) 0200 0400 0600 a0 1,000 1200 17400 1 B0 1,800 2,000 27200 2400 2500 27500 -

Figure 7-1. The prosodic contours of the two-sentence anddaose utterances with
accusative/possessive reflexive with an early pimsbreak (after the verb) and late prosodic
break (after the noun), indicated by the red arrow.

After the phoneme replacement procedure (whichdeasribed in chapter 3, section
3.1.5) the segmental distinction between (1a) abdl i6 removed, but the disambiguating

prosodic distinction remains, as can be seen iarEig-2 below. As with the NP/S-coordination

and RC-attachment constructions, removing the diggumating segments (in this case almost all
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of the reflexive particle, although the ‘s’ is kdistinguishable) and replacing them with noise

did not affect the region where the prosodic boupdarealized.

Early break: W [ M

Ohicage da i hvali Detsata | te go znaeha

mil ]
.r IL'\__ 1
'_; .__\ ' k e
.\\-.__.'- l.\ .........
Late break: W N I
Ohicage da [ hvali detsata I te go znaeha.

Figure 7-2 The accusative/possessive reflexive with phonepkcement.

There was a major difference, however, that mhdeain interesting case to include

alongside the two main item types discussed impteeious chapters. Unlike in the NP/S
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coordination and the RC attachment constructiomgreithe phoneme-replaced word follows
the disambiguating boundary, in the accusativegsssge reflexive ambiguity the prosodic cue
that disambiguates comes after the phoneme-replacetithat disambiguates the structure
morpho-syntactically in the original utterance. fidfere the word has to be restored
‘retroactively’, as in the *eel on the ..." experime(Sherman, 1971) that was discussed briefly
in Chapter 1, section 1.4.2. The following contgxg., ‘shoe’ or ‘table’) in the early study
successfully disambiguated the noise toward thgueniexical item supported by the
semantics/pragmatics of the sentence.

Since the older experiments did not systematicabyipulate prosody, it is of interest to
explore whether the location of a prosodic boundathe utterances of items such as (1a) and
(1b) would be sufficient to support retroactive pame restoration of the noise-replaced word to
the particle appropriate for the syntactic-semamt@ning congruent with the boundary

location.

7.2.3. Experimental design

As noted earlier, the accusative/possessive refleximbiguity was included as filler in
all the experiments described in Chapter 3 and &nhdp the visual word choice (Experiment 1),
sentence repetition (Experiment 2) and sentenagosting (Experiment 3). The 12 items had
the two versions described earlier, which will ladled early break (1a) and late break (1b), that
were counterbalanced across versions in the infirenprosody experiments. There was also an
uninformative neutral prosody condition (no breakjch sounded rather unnatural (see Chapter
3), which was tested alongside the neutral prosedsions of the NP/S coordination and RC
attachment items in experiments 1c, 2b and 3b.dEt&ils of all the experiments that included

the accusative/possessive reflexive ambiguity anensarized in table 7-1 below. The procedure
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for the visual word choice task is described iradéh Chapter 3 (section 3.2.2) and the

procedures for sentence repetition and sentenc®siirag in Chapter 4 (section 4.1.2).

Table 7-1 Tasks and prosodic conditions for the accusgtoagessive reflexive items in
the phoneme restoration experiments

Task Prosodic Expt participants lists
contours
i early vs. la 22 5
Xrllsolij?(le word late break 1b 48 e
neutral 1c 22 o
Sentence early vs. 2a 24 >
repetition late break
i neutral 2b 12 T
Sentence early vs. 3a 24 >
shadowing late break
neutral 3b 12 1

* due to length contrast in the other constructions

7.2.4. Results and discussion.

The data on the accusative/possessive reflexivegantyofor the three response tasks of
Experiments 1 — 3 are presented in Figure 7-3 hetoded as proportion of early break
congruent (‘se’) restorations vs. late break coagty'si’) restorations. (The data for the visual
word choice task in Figure 7-3 are based on atigpants in Experiments 1a-c because no

length manipulation was included for this constiat)
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visual sentence sentence
word choice repetition shadowing

Se 100%

Osi
B se

50%

Si 100%
early late no break early late no break early late no break

Figure 7-3. Phoneme restoration responses on the accusaissefsive reflexive items by task

The data pattern for thee/siambiguity is similar to the outcomes for the twaim
ambiguities tested, with some minor differencesthesbar graph shows, both informative
prosodic breaks successfully disambiguated ttegartce, each producing phoneme restorations
in the expected direction, with the neutral prospditerns in between. An analyses of variance
shows a marginal effect of taBk2,33) = 3.20p<0.053, a main effect of proso#y2,66) = 23.2,
p<0.001, as well as an interactib(4,66) = 63.9p<0.001.

The responses for the contrasting informative pitwsbreaks are very well differentiated
in all three tasks, but there is an asymmetry éndffiects: an early break (after the verb) yielded
almost exclusively prosody-congruent responsedevehiate break (after the noun in direct
object position) yielded largely congruent intetptons, but not to such a degree. Paired t-tests
show that the difference in prosody-congruent resian rates with the two prosodies is
significant in the visual word choice task t(11)86.p< 0.001, the sentence repetition task

t(11)=4.01 p< 0.002 and the sentence shadowikgta$)=3.51 p< 0.005.
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The asymmetry in the data may be linked to theedkfiit degrees of ‘definitiveness’ of
the prosodic break mentioned earlier (section Y.Z2e falling contour in (1a) signals the ‘end-
of-sentence interpretation’, whereas the rising@onis less specific as to the interpretation of
in (1b). The more definitive break seems to suppuote robustly the structure it is associated
with. However, another factor related to the prgsmdy have contributed to the effect: the
sentential break in (1a) comes earlier, so theless material to process, but more importantly,
the break is closer to the site of the restoratam the late break in (1b). Finally, the structure
the first sentence of (1a) is arguably simpler ttrenfirst sentence in (1b) which involves a
possessive modifier distant from its nominal head.

Not only are responses with the two informativespitic contours reliably different from
each other, but the early break prosody also pexlaanore stable data pattern across tasks,
whereas the late break data have a different pattehe visual word choice compared to the
other two tasks. Analyses of variance show thaetigeno effect of task in the early break data
F(2,33) = 2.34, p<0.11, but there is a significafifiect in the late break data F(2,33) = 9.57
p<0.001. One possible explanation for this diffeeehy task is that the two choices presented
visually for this item type are particles which mally cliticize to another word, so it may be
hard to process them in isolatiduch a problem would be avoided in the sentenctitiem
and sentence shadowing tasks, because participanisce the word normally, especially in the
sentence repetition task where they produce theeesgntence fluently. Indeed, of the three
response tasks, the sentence repetition task pgedhe most polarized results in the contrasted
prosodic conditions.

With the neutral prosody, the responses are variatthe three tasks, but there was no

effect of task F(2,33) = 1.22 p<0.307 and nonéiefrheans was statistically different from
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chance (presumed at 50%): visual word choice (48s&%estorations) t(11)=—0.046>0.1,
sentence repetition task (48.5% ‘se’ restoratiofid)= —0.032p>0.1; sentence shadowing task
(58.2% ‘se’ restorations) t(11)= —0.042;0.1.

In sum, the data for this construction complemkatdata on NP/S coordination and RC
attachment collected in the same experiments. ake ghttern for thee/siambiguity with the
informative prosody is similar to the data for tither two constructions, in that listeners were
able to use the prosodic break location as a digarator in all three tasks, and it resembles the
RC attachment data in that there is asymmetryaretfect. The latter confirms the finding that
different prosodic contours for the same utteradtaot necessarily disambiguate equally
strongly toward the respective structures; thusaR&chment is not an isolated exception. The
explanation may lie in the different strength cd@sation between each type of prosody and a
specific structure/meaning.

The most important finding based on the accusgtossessive reflexive data, however,
is that phoneme restoration based on prosodic aootm happen retroactively. It is apparently
possible for a prosodic break not only to createngt expectations for upcoming material that
supports a congruent restoration but also to infteea restoration in the preceding material. It is
not clear what the mechanism of such restoratignsut possibly in the se/si ambiguity the
noise-containing word is processed online as js$taat form pronominal verbal complement (it
follows a verb and an infinitival, so another vetirase is projected) and this underspecified
representation is fleshed out as a specific refeeform when the structure is disambiguated
further. Something of this nature may be happemrgtening without phoneme replacement,

because at the point of the reflexive particlelia)(@and (1b) it is not always clear what its
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function will be until the verb is processed: ‘sén be a dative form and ‘se’ is required by some
verbs that do not take a direct object.

Alternatively, it is possible that one structuressigned initially and is then confirmed
by the prosodic contour or a reanalysis is inida®ince the accusative structure is simpler (i.e.
might well be the first guess) and is confirmedrs®it has an advantage over the possessive.

Including the accusative/possessive reflexive ambjign the main experiments
alongside the two constructions that had beendestether languages created a richer data set
and confirmed retroactive prosodic disambiguatwimich promises to be an interesting
phenomenon to explore in the future (See also surttee constructions in 7.3. below). The aim
of the pilot experiment presented in the next sectvas to further expand the scope of this
research program, by employing the phoneme regtaratethodology to collect preliminary
data on a range of other constructions in Bulgathan have not been investigated previously in

other languages.

7.3. Piloting other ambiguities: Experiment 6
7.3.1. Overview of experiment design and constonstitested in Experiment

The pilot study used only the visual word respgosocol that was described in Chapter
3 for Experiments la-c. This task was convenients®for a preliminary exploration of new
constructions because participants’ responsesreegaiadditional coding (unlike the data from
sentence repetition and shadowing) but are autoaligtiextracted by the software and available
for analysis. The goal was to collect preliminaagadon a wider variety of constructions to see

which of them might merit closer investigation wiharger set of items and possibly the other

® This research was facilitated by a grant from@hiNY Doctoral Student Research Grant
Program.
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response tasks. Some of the constructions used@ecomplex than others and not all of them
were included to investigate prosodic effects. fipes of test items included in Experiment 6
are summarized in Table 7-2 below with referenciéoexamples in the next section.

Table 7-2. Experimental items included in pilot visual wordoate phoneme restoration
experiment

Construction Contrast Word choices Example ltems
Prosodic break
Pronoun presence and location
co-reference ly VIN
ambiguit early go / ia
g vs. late VN] him / her (5) 24

vS. no break

Sentence . )
; Prosodic break type:
/contrastive clause sentential break vs 0o / no
ambiguity clausal more / but (7) 12
statement/contrast Clausal intonation: ¢e / no (8) 12
ambiguity statement vs. contrast that / but
statement/contrast = 2usal intonation ce /no
: . (statement vs. contrast)that / but
disambiguated by . .
: with preceding / 9 24
semantics and . : “
rosody fo_IIowmg Iex'lcal Ste / ne
P disambiguation will [ not
PP attachment Phrasal grouping by  ni/ ne (11) 12
ambiguity prosody us / not
Semantic Ste |
(temporal Early or late (before / \?v“? / rr]loet (10) o4
adverbial) after noise)

disambiguation

7.3.2. Syntactic properties and relevant disamligador the different item types.
This section provides a brief description of eaemiand its characteristics relevant to
the phoneme restoration experiment.

7.3.2.1. A pronoun co-reference ambiguity
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The example in (5) below illustrates the pronousreference ambiguity with supporting

prosodic disambiguation. The location of each padasboundary is marked by ||.

(5) pronoun co-reference ambiguity

a. [Adv —ro-Accpron-V1] [ NP (N1- Gen) — V2NP (direct object V2)]
Otkakto go napusna || saprugat [ zanemari kaStata
since him-Acc left husband-det her-Gen neglect-past house-det

Since (she) left him, her husband neglected thedou

b. [Adv —Acc pron —V1 NP (N1- Gen) ] [ pro— V2 — NP (direct object V2)]
Otkakto ya napusna  saprugat | zanemari kaStata
since her-acct  left husband-det her-Gen neglect-past house-det

Since her husband left her, (she) neglected thedou

The sentences in (5) are disambiguated by the gefdee accusative pronoun in the
first (subordinate) clause, which is the directeabjof the verb that follows and is co-referent
with the subject of the second (main) clause. Tho@qun is always the short form of the
accusative personal pronoun and its distributiginmslar to ‘se’ (see section 7.2.1), i.e. itis a
clitic and it cannot be the first element in the.MRe co-reference relations are quite complex.
In (5a) the first clause has a null subject and\tRe(her husbandpllowing the verb lgft) is the
subject of the second clause and it is also theefayent of the pronoun ‘goh{m). In (5b) on the
other hand, the NFhér husbanilis a post-posed subject of the first clause Vieft) and the
second clause has a null subject, which is co@atexith the pronoun ‘ya’her). The syntactic
components of the two clauses are shown in (5a)%ind

The accusative pronoun in (5) is always corefengtiit the subject of the main clause:

the NP in (5a) angro in (5b). In addition, the null subject in both %ad (5b) is coreferent
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with the genitive. In related sentences which havevert subject of the Adv clause, as in (6),
the genitive will agree with it in gender/numbes,ia (6a) below. However, the overt subject
makes that sentence less natural, perhaps redupeeaise of the overt pronoun and the N-Gen

phrase.

gf)Otkakto Maria go napusna, saprugat i zandwmatata.
since Maria him | eft hueda her neglected house
Since Maria left him her husband neglected theshou
b. Otkakto ia napusna saprugat i, Maria zanekagtata.
Since her left husband her Magglected house
Since her husband left her Maria neglectedhbese.

In the materials for Experiment 6, the gender ef@en pronoun and the overt NP was
always contrasted and an equal number of femimden@asculine nouns were used,
counterbalanced across lists. Thus, the corefenat@gons between the overt NP, the Genitive
pronoun, the accusative pronoun and pro were nbtgaraus originally.

In addition, the sentences are disambiguated BRlaprosodic boundary between the
subordinate clause and the main clause, markedobyradary tone, which is located early (after
the verb) in (5a) or late (after the NP) in (5Bhe items were recorded with the appropriate
prosody for each construction. In addition, a reyirosody version was recorded which did not
contain a boundary. The neutral prosody did nohdotery natural, but was not entirely devoid
of intonation as in the main experiments of thsesach. In the pilot experiment the neutral
prosody was closer to a list intonation, with a bini@ak after each stress-bearing word. It was
recorded using a different lexical item (the plaetusative pronoun ‘ni’) in place of the gender-
contrasting singular pronouns in (5), in ordervoid any inadvertent prosodic bias and

eliminate any transitional cues which are possibbyre obvious in the neutral prosody. The

complete pronoun in all item versions was subseitjpiercised from the recording and replaced
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with white noise, creating the target stimuli. Aghathe stimuli in the previously reported
experiments, the two utterances are now compléelytical in segmental content, but the
prosodic break location disambiguated the intersladtture of the sentence. Only one of the
two accusative pronouns makes the sentence intaippeeand only one of them is consistent
with each prosodic contour. Importantly, this i@@ner case where, if phoneme restoration
occurs, it must take place retroactively, becahsealtsambiguation by prosody comes after the
noise-replaced pronoun. Considering the compleseterence relations that this construction
requires to be established, finding a retroactifeceof prosody on phoneme restoration
responses would be a testament to the strengtfosbgic cues in parsing and would further

validate the sensitivity of the phoneme restoratiethod.

7.3.2.2. A sentence-contrastive clause ambiguity

Another type of ambiguity tested, which contrasketveen-sentence break and a
between-clause break, is illustrated in (7). Th&agtic contrast here is similar to the
accusative/possessive reflexive ambiguity sentenitems like (7a) contain two consecutive
statements expressed in two separate sentencegdbred of which begins with a comparative
‘po’ (more. Items like (7b) have contain two clauses in ooplex sentence, the second clause
beginning with the contrastivad’ (but). The location of each prosodic boundary is maiked

(7) by || and the direction of pitch change by aowa

(7) sentence-contrastive clause ambiguity

a. Svikna s kvartirata. ||| Po- rano  sutrin  se drazneSe ot Suma
gotused to rental compar early morning  refl annoy-past by noise

(S/he) got used to the place. Earlier (s/he) gotayed by the noise in the morning.
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b. Svikna s kvartirata 1| no rano  sutrin se drazneSe otSuma
gotused to rental conj early morning refl annoy-past by noise

(S/he) got used to the place, but early in the mmgyrthe noise was annoying.
The two utterances shown in (7) both contain angiisodic break at the same location, but
they differ in what the typical prosodic contourtbé sentence will be: (7a) contains an
intonational phrase break with falling intonatidrttze end of the first sentence, while (7b) has a
continuation rise at the end of the first clausehie same position of the auditory string, to
signal that a contrasted clause is coming. Whenlid@nmbiguating wordo/no) is partially
replaced by white noise to create the stimuli,gtesodic contour should indicate the intended
meaning. This prosodic contrast is more subtle tharcontrasts tested so far, because the two
contrasting prosodic cues are realized in the danation, immediately preceding the noise-
replaced word. It can be expected that the seatdmiak will be a stronger cue to the structure

in (7a) than the clause break is for the struciu @b).

7.3.2.3. A statement-contrast clause ambiguity
The example in (8) below illustrates a statememttest clause ambiguity. Each item of this
type is a complex sentence, containing two clatiss#sare connected either by the

complementizete ‘that as in (8a), or the contrastive conjunctiom’but as in (8b).

(8) statement-contrast clause ambiguity

a.
Napravi greSka | ce vednaga prizna wsto na zena Si
made,sg  Mistake that immediately — admitted, 4 everything to wife refl-Gen
(He) made a mistake by immediately admitting etergtto his wife.
b.
Napravi greska || no vednaga prizna wsto na Zena Si
madg,s;  Mistake but immediately admittedy ¢4 everything to wife refl-Gen

(He) made a mistake, but he immediately admittedyéving to his wife.
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The two structures differ in the following way. Tfegmer contains a main clause and a
subordinate clause that is a complement of the imistake in matrix direct object position.
The latter contains two coordinate clauses whosanimgs stand in contrast to each other. These
structures are summarized as follows, where opt@deerbial elements are shown in
parentheses.

a. [ (Adv)pro V1 N1 [that — (Adv) -pro - VP]]

b. [ (Adv) pro - V1 — N1] (conj) [(Adv)pro VP]

Prosodically, the complement clause sentence inh@sa final falling intonation
(statement contour), with no major boundary betwbertwo clauses, while the contrastive
clause sentence in (8b) has an IPh break markeddwnd lengthening at the end of the first
clause (contrast contour). When the disambiguatiogl e/no) is replaced fully (as there are
no segments that overlap) by white noise, the gliesmntour should indicate the intended
meaning. This is a difference in type of prosodie cather than in the location of the prosodic
break; therefore the effects of these prosodicaiastare not expected to be as strong as the
effects found in Experiments 1-3.
7.3.2.4. A statement-contrast clause ambiguity withh disambiguation sites

The example sentence pair in (9) below is similasame respects to the sentences in (8)
above. The sentence (9a) contains a main and sobtedlause which is a complement to the
verb introduced by the complementizé&s ‘(thaf), and the sentence in (9b) contains two
contrastive clauses linked by the conjunctino’ (buf).

©)

a. Iskase i se daviarva|| ¢ na drugia den toj Ste se obadi
Wanted her refl to believe that on next day he will  refl call

She wanted to believe that he would call the nayt d
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b. IskaSe i se da viarva'll no na drugia den toj ne se obadi
Wanted her refl to believe but on next day he not refl call

She wanted to believe (him) but he did not callngwe day.

Prosodically (9) is also similar to the prosodiatrast in (8): a sentence like (9a ) will typically
have a falling (statement) intonatiahthe end of the first clause with a smaller ipabs, whereas
a sentence like (9b) will typically have an IPhdkavith continuation rise at that location. Thus,
the intonation contour should indicate the intendegining.

One difference from (8) where the agent was theesarboth clauses is that in (9) the
two clauses have different agents. The first clduasea null subject and the second an overt
pronominal subject (toj). A major difference froththe constructions described so far is that the
sentences differ from each other not in one, btwvmwords, at separate locations in the
sentenceThe first lexical disambiguation is the word tlkahnects the two clauses, just as in (8).
The additional lexical disambiguation is the paetioreceding the verb in the second clause. The
main-subordinate clause structure (9a) containsminological marker for the future tensee
(will), while the coordinate clause structure (9b) coistai morphological marker for negation
‘ne’ (not). The future particlshows that the subordinate clause in (9a) dendigsi@ event, so
it fits as a complement to the main clause verle fidgation particle in the second clause in (9b)
shows that the second clause contradicts the eatpetexpressed in the first clause.

Originally, these items were constructed in ordetest multiple phoneme restorations in
the same utterance, but they were used for a diffgrurpose in the pilot experiment reported
here. Only one of the lexical disambiguators inheitam was replaced with white noise: either
the earlier or the later one in different versiohan item. Thus, these items were all
disambiguated by both morphology and prosody, leeippbint at which the noise-replaced word

occurred was varied. In the examples in (9), w¥efno were noise-replaced, the noise follows
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the prosodic cue but precedes the morphologicalluutevhenste/newere noise-replaced, the
noise follows both the prosodic cue and the momuiiokl cue. These doubly disambiguated
items were included in the pilot experiment becabsg can be compared with the items like (8)
where a similar prosodic contrast is not suppabtetexical disambiguation and also to compare
the restoration rates at the different sites. T{peetation is that restorations at the later point,
when both the lexical cue and the prosodic cue bhéeady been processed, should be more
stable, with fewer incongruent restorations, thdwemvthe noise-replaced word comes earlier in
the sentence with only the prosodic cue precedifgerhaps depending on which prosodic
contour is present).

In the future, the doubly morphologically disamhatgd items can be used in a sentence
repetition or shadowing experiment with both disggubting words in a sentence replaced by

noise, to find out whether prosodic disambiguatalhsupport multiple restorations.

7.3.2.5. Lexically disambiguated items

24 additional items illustrated in (10) below wareluded in the pilot experiment as
fillers and resemble the last clause in (9). Thaytained the same future / negation contrast as
(9), but were very short sentences disambiguateitbynporal adverb, the position of which
was varied across versions. When the particles veglaced by while noise, it did not create

ambiguity, because the adverb indicated futureast.p

(10).

a. Drugiauikend mazat i Stehodi za riba.
next weekend husband her will go fsinf
Next weekend her husband will go fishing.
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b. Mazat i Stehodi za riba drugiaikend.
husband her will go for fish  next \werd
Her husband will go fishing next weekend.

c._Minaliauikend mazat ine hodi za riba.
last weekend husband her not ga fish
Last weekend her husband did not go fishing.

d. Mazat i ne hodi za riba minaliaiikend.
husband her not go forfish last vezek
Her husband did not go fishing last weekend.

7.3.2.6. PP attachement to NP or VP

The sentence in (11) below illustrates a PP attaclhmmbiguity. These items contain a
verb which is a three-place predicate and req@inesvert goal argument like ‘give’ in this
example ‘dade’past tense form of ‘davaifgive). They also contain a prepositional phrase (in
this examplena Nina) that can modify the noun immediately precedin(he direct object of

the verb in (10a), or can modify the verb as inb(10

(11) PP attachement to NP or VP
a. (Bibliotekarkata) (ni dade) (knigata na Nima)
Librarian-det us-Dat give-3p-past book-def of Nina (Gen)
The librarian gave us Nina’s book.
b. (Bibliotekarkata ne dade knigata) (na Nima)

Librarian-det not give-3p-past book-def to Nina (Gen)
The librarian did not give the book to Nina.

In (11a) the goal argument position is overtlyefilby the pronoumi’ (us) which
precedes the verb, and the prepositional phresélina’ (of Nina’) modifies the object noun
‘knigata’ (booK Sentence (11b) contains a negative partioée‘Q10) in the preverbal position
instead of the dative clitic. The goal positiorthien filled by the PPna Nina' (to Nina’) with

the unmodified noufrknigata’ (book) in the direct object position. Thus, th@tsentences

differ in one word through which each is disambigdato a particular syntactic structure. They
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also differ in how the words are grouped prosotiicat (11a) the PP is part of the complex
object NP, so both the PP and the noun are coctame same minor prosodic phrase,
whereas in (11b) the PP modifies the verb and iageul separately from the n8tirHowever,
the prosodic differences in this case are mordestiéin in any of the other item types discussed
above. Namely, there is no major prosodic bounttargted at a relevant point or well-defined
differences in the intonation contour, but simpiffedtent grouping of the words into minor
prosodic phrases. These items were intended asba prto whether minor prosodic phrases (ip)
are effective structural cues in Bulgarian.

Once the disambiguating word is replaced with whidgse, to create the experimental
stimuli, the sentence is disambiguated only by pugs The expectation is that these grouping
cues will not be as effective as the grouping byomarosodic boundary placement in other

constructions.

7.3.3. Pilot experiment with new ambiguities

Stimuli

Pairs of sentences of the types just illustrateewecorded using the same equipment and
software as described in Chapter 3. Each pair éxhepe/no, Ste/neconstruction in (9) differed
in a single lexical item (a phonologically lightiictional category) and in associated prosodic
characteristics as discussed above. Afterwardsetbeant portion of the recordings (phonemes
that differed between the sentence pair or the ¢eteghort word together with parts of the
surrounding phonemes in order to eliminate tramsitues) were excised and substituted with

white noise that was averaged for duration actossltirations of the corresponding phonemes

® There is also a slight phrasal accent on the bbjgen in (11a) and on the verb in (11b).
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in the intact versions. The resulting sentence @atained no phonemic cue to the intended
meaning but preserved the original prosodic cudigafget item types incorporated prosodic
disambiguation, either on its own or in conjunctwith lexical disambiguation in materials like
(9). The type and strength of prosodic charactesigiroviding the relevant structural cues
differed for the different item types, ranging framntence breaks to minor prosodic phrase and
included prosodic grouping and intonation. Prosodiénipulations were in general binary,
contrasting the relevant cues.

For one type of item, thgo/ya(pronoun coreference) items illustrated in (5)eatral
(no break) prosodic contour was included in additmthe informative prosodic boundary
locations contrast (early vs. late). This was idezhas a source of a baseline preference for this
construction. The experiments with neutral prosonly were very hard for participants and
including a neutral prosody condition for all itemghis experiment might have been disruptive,
possibly obscuring effects of prosodic disambiguratiThe doubly disambiguated items (9)
crossed the relevant prosodic contour with thedfitexical disambiguation.

The lexically disambiguated items as in (10) malafmd the place (sentence
initial/sentence final) and semantics (past/futafethe temporal adverb. Additional fillers were
deemed unnecessary since the different types atications could act as distractors for each
other Four lists were compiled, each containing a totdl08 target and filler items, preceded
by 4 practice items with feedback. The items ingi®) (10) had 4 versions and the items in (5)
had three versions, but the neutral prosody wdaded in two lists only. The rest of the item
types had two versions, which were repeated twecess lists, so that the data is from more
participants.

Method



280

40 native speakers of Bulgarian, members of a ldwary/cultural center in the Zvezditsa
neighbourhood in Varna, Bulgaria took part in thkpeximent. They were assigned to one of the
4 groups consecutively in order of participation.

The procedure, visual word choice, was exactlystrae as in Experiments la-c.
Participants’ task was to listen to each sentendaradicate which of the two words that

appeared on the screen post-sentence s/he hadimélaedsentence.

Expectations

The items included in the pilot experiment were nté¢a test more subtle prosodic
contrasts than the location of a major prosodiaktbat was shown to effectively disambiguate
NP/S coordination and RC attachment. The contrgst@sbdic cues in this experiment were in
general not distinguished by location but by défere in strength and/or tonal realization. As in
the previously reported experiments, the items wegnally not globally ambiguous and
prosody was only supporting the intended structoeehing of the utterance. After the
disambiguating word part was replaced by noiseerers had to rely on the prosodic cues to
restore the meaning. The main question of intenet$tis experiment was whether these more
subtle prosodic disambiguations would support phenesstoration congruent with the
corresponding syntactic structure, and to whatrexdéferent prosodic cues would be effective

as disambiguators.

7.3.4. Results and discussion
As with the constructions previously used in Exmpemts 1-3, the prosodic contours of

the items in Experiment 6 influenced ambiguity teson for all of the item types described
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above. However, the effects were not equal infaizall construction types. The phoneme
restoration data for each construction in the mhqieriment are presented in this section and
briefly discussed.

Data for the pronoun co-reference ambiguity, iHatgd in (5) above, are given in Figure
7-4, coded as the percentage of phoneme restsatmmgruent with each prosody. As the graph
shows, responses on these items differed by congibut not as radically as on the ambiguities

in the main experiments.

100%
V]

O N] compatible

50%

B V] compatible

N]
100%

V] N] neutral

Figure 7-4. Phoneme restoration responses on pronoun cenetelitems

For the pronoun co-reference (go/ya) items paitis gave 61% responses consistent
with early main clause interpretation (i.e. anatgzihe ambiguous NP as the overt main clause
subject, as indicated by the noise-word being jmeted as co-referent with that NP) when the
item had an early prosodic break after the vert,thay gave 72% responses consistent with late
main clause interpretation (i.e. analyzing the NEhe first clause as the postposed subordinate
clause subject, as indicated by the noise-wordgoeiterpreted as not co-referent with that NP)

when the item had a prosodic break after the nbanthese items, a neutral prosody condition
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was included as a within-subject control. Whenghgas no prosodic break in the recording,
participants performed at chance, choosing the 1tlaimse subject interpretation 49% of the
time. An analysis of variance reveals a main eféégrosody F(2,22) = 15.3 p<0.001. The
responses in the two informative prosodic conddiomlicate that, as in Experiment 1a-b, the
location of the prosodic break was a reliable $tnad disambiguation cue. The data for this
construction are not as clear-cut as for the NS dination and RC-attachment data (i.e. the
data points for the two prosodies are less shaliffigrent), but that is quite understandable. First
of all, the morphological disambiguation of thismstruction is not achieved through a
straightforward agreement between head and modifiebject and verb, but requires more
complex computations for establishing co-referemcé¢he part of the listener in order to utilize
the prosodic cue. Secondly, as noted in sectio2.2.above, phoneme restoration here is
performed retroactively. The inclusion of neutredgpdy as a within-subject factor may possibly
be yet another reason. The fact that listenersswae (albeit quite few) sentences that sound
unnatural may actually devalue the prosodic cuesnwthose are. This is not certain, but itis a
possible indicator that mixing neutral prosody ithwnformative prosody is not a wise tactic.

An additional finding of interest is that for theenstruction, as for the RC ambiguity and
the accusative/possessive reflexive constructioa,amntour (in this case the late break after the
noun) is more effective than the other one (eardak after the verb). A paired t-test shows that
the difference is statistically significant by sedyjt1(39)=2.51, p< 0.016; t2(23)=0.15 p< 0.884.
It is not clear why the late break prosody is meakent. It may be related to something in the
syntax: the structure associated with that proswya post-verbal subject, which is a non-

canonical word order. Or possibly this contouriported by the preference to delaying
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opening of the next clause (Late Closure). Therashin (5) is not unlike the "early closure/late

closure” ambiguity discussed in chapter 1 (secti@) and elsewhere in this dissertation.

The data for the sentence / clause break itenstrdlited in (7) are given in Figure 7-5
below, coded as phoneme restoration responsesumnigrith each contour.

100%

clause

Osentence | ‘po’
responses

W clause o
responses | NO

sentence

lm% - - - - -
clausal intonation  sentence intonation

Figure 7-5. Phoneme restoration responses on sentence-eaisguity

As can be seen from the graph, the data patterotisymmetrical for this type of
ambiguity. Participants preferred the contrastt{)aaterpretation 91% of the time with the
clausal break contour (continuation rise at the @rttie first clause). They favored the follow up
statement interpretation 71% of the time with téetence break contour (intonational phrase
boundary with falling intonation) at the same leaat While there is a significant difference in
phoneme restoration responses between these twiitioos, the data show an overall bias
toward the contrast interpretation. Since the plsbreaks occur at the same locations in both
sentence versions, that preference is probablg parsing bias, but it may be an induced
prosodic bias. Although each structure has a typicesodic contour, the two prosodic contours

are not on a par as cues to structural disambiuafihe clause break with continuation rise
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(contrast intonation) is associated strongly withagticular interpretation (contrasted clauses)
and does not allow the alternative (follow-up san#& interpretation. However, the other
intonation contour (sentential IPh break, withifajlintonation) is less specific. While it rules
out an analysis with two clauses in one sentenagges not disallow a contrasting follow-up
sentence, in which the contrastive conjunction imegins a well-formed sentence that expresses
a follow up statement contrasting with the previe@mplete) sentencéd is also a fact that the
comparative morpheme ‘paf(ore is more restricted in use than the contrastiveé (hut),
which could also be a contributing factor, undetingrthe impact of the prosodic contrast in this
particular construction. This could be exploreduture experiments. The important point to
note, however, is that the prosodic contour dosarmdbiguate this construction, albeit not
equally well for both versions. This adds signifitta to the previous findings, because the
relevant prosodic cues in this item type are redlin the same location for the two versions,
whereas for the other constructions discussedrdbdge was a difference in the location of the
prosodic break.

The data on the statement — contrast intonatitustiated in (8) is presented in Figure 7-
6 below, coded as phoneme restoration responsesusott with each prosodic contour. As in
cases discussed earlier, the responses for seatehgge (8) show one contour (statement)

producing more congruent restorations than ther toatrast).
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statement
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Figure 7-6. Phoneme restoration responses on statement-sb(&ja

Figure 7-6 shows that for the statement/contrastration (8), participants chose the prosody-
congruent statement interpretation 94% of the tivhen the first clause had a statement contour
(final falling intonation) and chose the prosodyigauent contrast interpretation 72% of the time
when the first clause had a contrast contour (noation rise and lengthening). An analysis of
variance shows a main effect of prosod{1F36) = 27.3 p<0.001;,FL,10) = 39.5 p<0.001.

The fact that both prosodic contours disambiggatte well fits with the data for the
previously discussed construction (7), becauseighasother case where the intonation contour
rather than a prosodic phrasing break locatiomalisguates. But there is a difference. The
statement contour is more helpful in this constac{8), whereas the contrast intonation was
more helpful in (7). So it can be concluded tha ot the case that one prosodic contour is
more salient or effective in general. Rather, ageated above, the difference may be related to
how closely each type of prosody is associated @it particular structure/meaning. In (7) the
contrastive intonation blocks the alternative megr{statement) but the sentential break (which
is acoustically the stronger cue) is less infliariiecause it allows the alternative meaning

(contrasted sentence) and thus allows the altembgxical item (contrastive conjunction ‘no’)
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as a coherent constituent of the sentence. Irh@tatement intonation blocks the alternative
meaning (contrast), whereas the so-called ‘contirasination may be more inclusive,
compatible with continuation as well as contrast therefore would not block a subordinate
clause interpretation

It is noteworthy that in both cases one prosodit@ar - but not always the same one -
appears to be less decisive, more open to diffénéerpretations, while the other has a
specialized function and excludes any alternativerpretation. This may be just a fact about
prosodic (or at least intonational) contours indgauian, but it may also be a more general
property of prosody in many languages. At verytleasuggests that this factor (i.eqw
disambiguating a prosodic contour is for syntastracture) should be taken into account in

future experiments investigating prosodic disamatgun of syntax.

statement
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Figure 7-7. Phoneme restoration responses on statement sowith lexical disambiguator

Figure 7-7 shows the data for items like (9), wHawth prosodic and lexical cues to the
intended interpretation were available even aftemgme replacement in one location. It was

expected that participants would perform with hégicuracy, regardless of prosody, due to the
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definitive morphological cues, though possibly degieg on where the cues were located.
However, it was found that the morpholexical cueseanot decisive.

The results indicate that listeners’ performanckdéipend to some extent on where the
lexical disambiguation occurred. When the item masented with a statement contour (falling
intonation), participants chose the word compatitaté statement interpretation 98% of the time
when lexical disambiguation was available earlyly{dhe second of the two potentially
disambiguating words was replaced with noise) af¥d 9vhen it was available late (the first
potentially disambiguating word was replaced witise). However, when the item was
presented with a contrast intonation contour (dinaation rise at the end of the first clause),
participants chose the prosody congruent contnéestgretation 82% of the time when lexical
disambiguation was available early and 71% of itme when it was available late. An analysis
of variance shows a main effect of prosodic-lexdiahmbiguation type F(1,36) = 625 p<0.001.
Thus, the combination of prosodic and lexical disemation is not equally effective in all
conditions. With the statement contour it did naitt@r whether lexical disambiguation came
early or late in the sentence; accuracy was angaih both cases. With the contrast contour,
there were more non-congruent restorations fooy@)all, and late lexical disambiguation was
associated with more errors than early lexicalrdizguation. An analysis of variance show that
the order of the lexical disambiguator and the @@srd had an effect on restoration rates
F(1,36) = 9.83 p<0.003.

The difference in effectiveness of the two contasiithe same as in (8), which is not
surprising since they have a similar overall stitet But the responses for (9) not only match
the responses for (8) directionally; when the lakadisambiguation comes late they are very

close numerically. Given that the items of typefd8)vide two cues to the intended
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interpretation by prosody and morpho-lexical idicdtion, it is surprising, that they pattern with
the items where only prosodic disambiguation is/jgled (8). It appears that the late lexical
disambiguation is received too late to overcomenterpretation of the noise-word that was
made without its benefit, earlier in the on-lin@gessing. However, even the early lexical
disambiguation did not prevent 18% of errors. linglear why the strong lexical cues do not
boost performance more.

The data for the prepositional phrase attachmentstillustrated in (10), is shown in
Figure 7-8 below. With these items participantdqaréhe noun modification (low PP
attachment) interpretation 76% of the time whenRRewas phrased together with the object

noun, and 46% of the time when they were phrasaratgy.

100% NP

O VP attachment
50%
| NP attachment

100% VP

VP phrasing NP phrasing

Figure 7-8. Phoneme restoration responses on PP attachméRt a0 NP

Responses with the two kinds of phrasing were fdortak reliably different from each
other in an analysis of varianEg(1,36) = 17.8§<0.001, but the response rate for the separate
phrasing condition is not different from chancéhaligh it shows a numerical difference in the
expected direction. Only the phrasing of the PPithe noun was helpful in disambiguating,

t1(19)= 0.5036, p>.05» (11)=1.6896,p>.05. The weak results for this comparison are giobb
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due to the fact that the prosodic contrast heneush more subtle and it is also disambiguated
later than the site of phoneme restoration, sasttb be restored retroactively.

Still, the fact that only one contour was helpits fvith the data for other constructions
in Bulgarian that showed asymmetry of prosodicaffand in particular the RC attachment
ambiguity which was explored in depth.

To sum up, phoneme restoration responses in thalwgord choice task reveal that most
constructions tested in this pilot experiment wdisambiguated by prosodic information toward
one interpretation or the other, and it has unaysome interesting questions for future
investigation. One concerns the linguistic comglegrf the linkage between the prosodic
contour and the sentence interpretation. Prosadigkdocation did not disambiguate the
pronoun co-reference items like (5) as well agsaohbiguated the two constructions in the main
experiments. This was most probably due to the ¢exityg of the co-reference relations that
needed to be established for this constructiorso &imerging from this broad pilot study is the
existence of asymmetries in the effectivenessféérdint prosodic contours as disambiguators
for some of the constructions tested (as alsai®RC-attachment construction in the main
experiments). Although each prosodic contour i$gpemtially associated with one sentence
structure, the association may not be one of umigs® but rather a degree of exclusiveness: one
prosodic contour excluded all alternative interatiens, while the other was open to them. In
future work it will be worthwhile to explore whaetermines whether or not a prosodic contour
fully excludes alternative interpretations, and thiee particular asymmetries are language-

specific or possibly universal.
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7.4. Improvements and extensions of the methodol@as employing phoneme restoration
The data on the NP/S coordination and RC attachamabiguities collected with the

three response tasks in the main experiments ®fésearch (Chapter 3 and Chapter 4) have
validated the phoneme restoration paradigm as @mae and sensitive tool for future
ambiguity resolution research. The data on a setlar ambiguities in Bulgarian obtained with
the visual word choice task in the subsequent pikperiment have shown some potentially
interesting effects that will be worth investigatimore deeply in future research. The
investigation as a whole has yielded ideas foffuh#re: ideas for improvement of the details of
the phoneme restoration protocol and associat@bnes tasks, and ideas for new applications

of this methodology in psycholinguistics.

7.4.1 Recommendations for improvements to the pinemestoration protocol and response

tasks

The response task employed with phoneme replacéstiala should not be so difficult
for participants that is interferes with their n@ltyg efficient sentence processing routines. In
this respect, the sentence shadowing task discusgauapter 4 fell a little short. However, in
conjunction with phoneme replacement, speech shiagavould potentially deliver valuable
information about the timing of different levelsmfocessing. If this is undertaken in future
research it is recommended that participants recaequate pre-training, and that a target
sentence should if possible be embedded towardrttef a longer passage so that performance
will have settled into a comfortable and fairly sdboshadowing rate by the time the critical

phoneme-replaced words are encountered
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With respect to the sentence repetition and seatehadowing tasks, not pre-testing
more rigorously the time-out for responses wasrdartunate oversight in the present
experiments, costly in terms of missing data. Sohtferent people speak at different rates, a
generous recording time is advisable, as long agpants can stop their recording when
complete so that fast speakers do not have totlwaiigh a long pause before the next item
presentation.

In all the auditory experiments in this reseapdrticipants were stumped by the neutral
prosody condition, which in fact did not sound mat@and was defined as ‘mechanical’ by some
participants. Concern about this was the reasondhéal prosody was used in separate
experiments (with one exception in the pilot expemt 6), instead of in direct three-way
contrast with the informative prosodic contourse hata collected in the neutral prosody
condition did prove to be interesting in the contexthis research, as it indirectly supported the
finding that prosody is essential for normal seageprocessindyut it could not be regarded as a
neutral baseline for comparison. This may not leectise for all languages. In English,
researchers (e.g. Kielgaard and Speer, 1999) hsae aineutral prosody condition as a reference
point. But in a language like Bulgarian, where skx@dge prosodic breaks cannot be omitted
without making the sentence sound unnatural, itld/be better to dispense with the neutral
prosody condition.

The short informal exit questionnaire provided sonsgght into how participants
perceive the task and the nature of the stimulplémenting a more richly structured exit-
guestionnaire in future experiments could be uséaiyparticular using questions that include a
guantifiable scale rather than open-ended oneseXample, we can ask “Did you find the

sentences easy to understand?” and provide awithlpossible answers, so that a participant
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could pick a range they think is appropriate frarals point (1) “Yes, none of them was hard.”
to scale point (7) “No, most of them were hard noerstand.” Answer choices could be offered
as in: “I found the noise that sometimes was heatlde headphones: (a) loud (b) distracting (c)
annoying (d) acceptable (e) did not bother me.’ideal option might be to provide a range of
answers but leave space for open-ended commentsTéis aim in all cases would be to discern
whether participants are consciously guessinggpr@priate target words as a strategy, or
whether they are naturally integrating the phoneeptaced words into the input stream and
parsing as they would in normal language processmiis regard, a comparison of exit-
guestionnaire responses for the auditory and thgaVpresentation experiments could be
informative, on the assumption that readers ofittieblot’ materials are aware that some part of
the stimulus has been deliberately withheld froemth

Researchers interested in pinning down whethepliogeme restoration effect is an
authentic auditory illusion could follow the leafitbe discrimination (d-prime,’analysis
employed by Samuel (1996). It could be implemeipedhaps as a two-step task with a single-
word probe task in which participants first answéether the word was in the sentence they
heard, then make a judgment on whether it wasgblgroverlaid by noise or partially replaced
by noise. However, this procedure would draw aitbento the location of the noise in the
sentence, and would not be consistent with theadieticiting maximally natural responses
uninfluenced by awareness of the special propeofiise materials. As an alternative, in the
sentence repetition task it would be possible kotlas participant after each sentence
presentation to say which word the noise overlappéd If they cannot do this accurately (as

suggested by informal reports from previous stydiest would seem to be good evidence that
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they are mis-hearing the relation between the remskthe linguistic properties of the sentence,
as occurs in ‘click-location’ experiments (Fodoev@r & Garrett 1974).

For the visual presentation experiments, naturaloesld perhaps be improved by using
some masking device other than a simulated inkdotdtperhaps masking at least one more
(irrelevant) word in the sentence. One variantyentty being employed in research in progress
on prosodic influences on French sentence proagbsitdemforth, Colonna and Fodor, uses a
vertical line moving back and forth across a scrednch sometimes stops at a location where it
masks the relevant portion of a disambiguating wora target sentence. Another approach
might be the appearance of a ‘pop up’, as suggest€tapter 6, section 6.5, which is a
common occurrence when reading on the internes May have the advantage of combining
naturalness of masking with naturalness of pretiental he sentence can be displayed on the
screen with a desirable layout and line-break(d)raade to appear as part of a larger printed
text that has been blurred around it.

Another way to improve the presentation of the aisnaterials would be by using
variable-rate RSVP as was done by Fernandez (26@0ntrol the presentation rate and make it

resemble the rate of speech (see Chapter 6, sécfidr).

7.4.2 New applications of this methodology in psyetguistics

As noted, the phoneme restoration paradigm is piatBnapplicable to studying other
factors in sentence processing besides prosodly,agiplausibility. For example, Thornton and
MacDonald (2003) report an experiment on the effetiplausibility on subject-verb agreement

errors. Participants see a verb on the screenRRAISED’ then hear a spoken sentence
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fragment (a complex noun phrase that has a singatplural noun), e.g. ‘the album of the
classical composer(s) and have to produce a passntence starting with the noun phrase and
using the verb they saw. In some conditions thb eegates a bias that may result in an
agreement error. The repetition task with phoness®ration could perhaps supply the same
data without the visually presented verb. Insté@dsentence could contain an auxiliary verb
obscured by noise replacement and participantsduwepleat the sentence they had ‘heard’.

One of the most promising aspects of the phon@stenation method is that it can be
adapted for studying sentence processing in cimldrel other non-literate populations. Despite
the extraordinary sensitivity of infants to prosogatterns (e.g. Christophe et al., 2003), there
are indications that children are less competen #dults at establishing relations at the
interface between prosody and lexical/syntacticstire (Cutler & J. A. Fodor, 1979) or
integrate rapidly prosodic information into then-tine syntactic processing (e.g. Sekerina and
Trueswell, 2011). There are reports indicating tfwatng children are capable of phoneme
restoration (e.g. Walley, 1988; Newman, 2004) dredsentence repetition (or elicited
production task) has been used with children (eugt et al., 1996) and is something children
will do naturally. With materials of appropriateraplexity, especially if presented attractively
(e.g. a puppet show where children have to parhattswhey hear) it can be used with children to
investigate the developmental course of prosodisiteity (see section 4.4.3). Like the Visual
World approach (Wagner & Watson, 2010) the senteggetition task with phoneme restoration
does not require any reading; and the visual whadce can perhaps be redesigned as a picture
choice task.

A possible practical limitation on the extensiormpbbneme restoration methodology in

psycholinguistic research is that it may not beeslio all languages. For Bulgarian, the
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prevalence of inflections and particles makes gsale to craft sentence pairs that differ only in
one or two phonemes within a functional morphenteyaet which differ radically in their
syntactic structure due to the syntactic role at thorpheme. Then, replacement of the
distinguishing phoneme creates a syntactic amlyiguivhat would otherwise not be ambiguous
sentences, as well as enabling the experimentitazt how that ambiguity is resolved on-line.
Other languages have this property also, e.qg.,i3lurkinish. For languages more impoverished
in this regard, like English, there are fewer oppoities to create ambiguities with PR in
functional morphemes, though perhaps examples e@ommposed with pronouns or prepositions
or auxiliary verbs. Nothing in principle rules aige of phoneme replacement within full lexical
items, content words such as nouns and verbs. diheR experiments by Warren and
colleagues (e.g. Warren, 1970; Warren & Shermar4;1Bashford & Warren, 1987) replaced
phonemes in content words. The results of Sam@&1(lindicate that phoneme restoration is
strong in content words when only a unique restptezheme can create a valid word, though
not so strong when there is ambiguity, i.e., twonare possible restorations. It would need to be
explored to what extent this would be an impedimsinice multiple possible restorations are
required for the methods presented here. Alsoait be more difficult to manipulate syntactic
structure by obscuring a contrast between two ednterds than a contrast between two
function words, so this approach might be easientploy for studying semantic rather than

syntactic ambiguities in such languages.

7.5. Conclusion
This investigation validated a new method for stagyambiguity resolution and

collected data and demonstrated prosodic effecesmdriguity resolution in Bulgarian, a
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language that has not been studied much in senpgacessing. The phoneme restoration data
from Bulgarian fits the data on the two construgsidrom other languages. The data collected on
the NP/S coordination ambiguity in Bulgarian shaleéinitive disambiguation by prosodic
boundary placement as was found for another coatidim construction in English (Clifton et al.,
2006). The data on collected RC attachment in Bidgashows asymmetric effects of prosody
similar to those found in Croatian (Lo&r2003), English (Fernandez, 2007) and Spanista(lgo
and Teira, 2004; Fernandez, 2007).

The phoneme restoration technique (in any of tsdlvariants, and extending to
grapheme restoration also, if appropriate) canppied to study other matters besides the
syntax/prosody interface. It could be used tottesinfluence on ambiguity resolution of non-
acoustic factors of interest, such as lexical fezgy, syntactic priming, information structure

and discourse context.
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Appendix A: materials

Appendix A-1: Target items in experiments 1-5: NP/oordination

This appendix lists the 24 NP/S coordination items (sentence pairs) used as auditory
stimuli in the phoneme restoration experiments reported in Chapters 3 and 4 and as
visual (written) stimuli in the experiments reported in Chapter 6.

The NP/S coordination items consisted of two coordinated clauses and contained a
sequence of three NPs, two of which formed an NP coordination construction whose
location was disambiguated by the number of the second clause verb. More details are
given in Chapter 3. The three nouns in half of the items were proper names and in the
other half common nouns.

All NP/S coordination items had short and long versions. The short versions of the items
only were used as auditory stimuli for phoneme restoration in Experiment 1a (visual
word choice), Experiments 2a-b (sentence repetition) and Experiments 3a-b (sentence
shadowing), as well as visual stimuli for grapheme restoration in Experiments 5a-b
(silent reading with sentence repetition). Both the short and the long versions were used
as auditory stimuli for phoneme restoration in Experiment 1b-c (visual word choice), as
well as visual stimuli for grapheme restoration in Experiments 4a-b (silent reading with
visual word choice).

Short version
Long version

1. Nakraia sreSnahme Ani i lvan i Mirhiaha / beSevav vaztorg.
In end meet-1pl-past Ani and lvan and Mimi were/\ivascstasy
‘In the end we met Ani and Ilvan and Mimi were/wastatic.’

Nakraia sreSnahme Aneta Markova i lvaylo Staviglariela Peevdiaha / beSevav

vaztorg.

In end meet-1pl-past Aneta Markova and Ivaylo Stawand Mariela Peeva were/was in ecstasy

‘In the end we met Aneta Markova and Ivaylo Stavaad Mariela Peeva were/was ecstatic.’

2. Vecerta pokaniha Petio i Dora i Marihiaha / beSe vc¢udesno nastroenie.
Evening invite-past Petio and Dora and Marinrevevas  in wonderful mood
‘That evening they invited Petio and Dora and Mavare/was in a wonderful mood.’

Vecerta pokaniha Petar Zaharievi Dora Aleksiewarin Petkovbiaha / beSev
Evening invite-pasPetar Zahariev and Dora Aleksieva and Marin Petkere/was in
cudesno nastroenie.

wonderful mood
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‘That evening they invited Petar Zahariev and Ddleksieva and Marin Petkowere/was in
a wonderful mood.’

Parvo zakarahme Anton i Vania i Enméaha / beSeoSe v taksito.
First drove-1p-pl-past Anton and Vania and Emmeaieas still in taxi
‘First we dropped off Anton and Vania and Ema weii in the cab.’

Parvo zakarahme Anton Makaveiski i Vania Penkotmilia Kolevabiaha / beSe

First drove-1p-pl-past Anton Makaveiski and Vanenkova and Emilia Koleva were/was

oSe v taksito.

still in taxi

‘First we dropped off Anton Makaveiski and VanianReva and Emilia Koleva were/was
still in the cab.’

Edva dnes nath za MiSo i Sonia i Vilibiaha / beSes men kato mi saobstiha.
Just today lean-past about MiSo and Sonia and Miére /was with me when me notify-past
‘l just learned today about MiSo and Sonia and W#ire there when they told me.’

Edva dnes natih za Miso Vasilev i Sonia Koleva i Violetafievabiaha / beSe

Just today lean-past about MiSo Vasilev and Sowiawa and Violeta Toneva were /was

s men kato mi saobstiha.

with me when me notify-past

‘l just learned today about MiSo Vasilev and Sddadeva and Violeta Toneva were / was
there when they told me.’

. Sledobed se razhodihme v parka s Reni i Dian ePmitiha / beSev kafeneto do rozariuma.
Afternoon refl walk-past in park with RemcdaDian and Polia were / was at coffee place texbse
garden

‘We went for a walk in the park with Reni and Diamd Polina was / were at the coffe-shop
next to the rose garden.’

Sledobed se razhodihme v parka s Reni Aleksandmian Petkov i Polina Miteva
Afternoon refl walk-past in park with Renieksandrova and Dian Petkov and Polia Miteva

biaha / beSev kafeneto do rozariuma.

were / was at coffee place next to rose garden

‘We went for a walk in the park with Reni and Diamd Polina was / were at the coffe-shop
next to the rose garden.’

Kam 10 c¢asa se obadi na Elka i Rumen i Valia estestbéaha / beSevete na rabota.
Around 10 o’clock refl call to Elka and Rumerdavialia naturally were / was already at work
‘Around 10 (s/he) called Elka and Rumen and Valiaaurse were/was already at work.’

Kam 10 casa se obadi na Elka Rosenova i Rumen Dimitkalia Angelova

Around 10 o’clock refl call to Elka Rosenova @&dmen Dimitrov and Valia Angelova
estestvenbiaha / beSevete na rabota.

naturally were/was already at work

‘Around 10 (s/he) called Elka Rosenova and Rumenittbv and Valia Angelova of course
were/was already at work.’
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7. Snosti vsiki govoreha samo za Ivo i Sevda i Tediha / beSena sedmoto nebe.
Last night everybody talk-past only about Ivo amdd and Tedi were / was in seventh heaven
‘Last night everybody was talking only about Ivadg®evda and Tedi were/was in seventh
heaven.’

Snosti vsiki  govoreha samo za Ivelin Zahariev i SevdalDobreva i Teodora Bineva
Last night everybody talk-past only about IvelirhZeaev and Sevdalina Dobreva and TeodoraBineva
biaha / beSena sedmoto nebe.

were /was in seventh heaven

‘Last night everybody was talking only about IvoadaSevda and Tedi were/was in seventh
heaven.’

8. V nedelia otidohme do ezeroto s Maya i GherDanto biaha / beSena edna ot lodkite.
On Sunday went-past to lake-det with Maya and GdnadliDado were/was on one of boats-det
‘On Sunday we went to the lake with Maya and Ghad Dancho were/was in one of the
boats.’

V nedelia otidohme do ezeroto s Maya Valkov@hergana Vaseva i D&m Gospodinov
biaha / beSena edna ot lodkite.

On Sunday went-past to lake-det with Maya Valkowd &hergana Vaseva and BarGospodinov
were/was on one of boats-det

‘On Sunday we went to the lake with Maya Valkovd &hergana Vaseva and [3an
Gospodinov were/was in one of the boats.’

9. Minala sedmitsa se skaras Angel iBistra Lili biaha / beSev roliata na bufer.
Last week refl fought with Angel and Bistra and Lili were / was part of buffer
‘(S/he got into a fight with Angel and Bistad Lili were /was the go-between.’

Minala sedmitsa se skaras Anget&wv i Bistra Simeonova i Lili Peikova
Last week refl fought with Angel Ovarov and Bistra Simeonova and Lili Peikova
biaha / beSes roliata na bufer.

were /was in part of buffer

‘(S/he got into a fight withngel Owarov and Bistra Simeonova and Lili Peikoware
/was the go-between.’

10.V danoto na salona merna Kosio i Zarai Rod®aha/beSepred kaminata.
In back of salon glimpsed Kosio and Zara anddR  were/was in front of fireplace
‘In the back of the room s/he caught a glimpse o$id and Zara and Rosen were
(sitting) in front of the fireplace.’

V danoto na salona merna Konstantin Tsevetkov a Bamzilova i Rosen Mladenov

In back of salon glimpsed Konstantin Tsvetkod Zara Bozilova and Rosen Mladenov

biaha / beSepred kaminata.

were/was in front of fireplace

‘In the back of the room s/he caught a glimpse ofgtantin Tsevetkov and Zara Bozilova
and Rosen Mladenov were (sitting) in front of threglace.’
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Ne se znaeSe koj Ste naseldi delata na Alel3ienitar i lulia biaha / beSev panika.
Not refl known who will inherit cases of AleksaicDimitar and lulia were/was in painc
‘Nobody knew who will get the cases of Aleksei ddichitar an lulia were/was panicking.’

Ne se znaeSe koj Ste naseldi delata na Aleksir®@s i Dimitar Avramov i lulia

Not refl known who will inherit cases of Alekseetinov and Dimitar Avramov and lulia
Karamanevdiaha / beSev panika.

Karamaneva were/was in painc

‘Nobody knew who will get the cases of Aleksei @& and Dimitar Avramov and lulia
Karamaneva were/was panicking.’

Neobmislenata sdelkata razori Saso i Bdviana biaha / beSezle finansovo.
Thoughtless-det business deal ruined Saso and Biodi Ivana were/was ill financially

‘The poorly planned business deal ruined SaSo amis Bnd Ivana were/was in bad shape
financially.’

Neobmislenata sdelkata razori SaSo Kalkandz®uris Goranov i Ivana Stereva
Thoughtless-det business deal ruined $édlkkandZievand Boris Goranov and lvaitereva
biaha / beSezle finansovo.

were/was il financially

‘The poorly planned business deal ruined SaSoafalkiev and Boris Goranov and Ivana
Stereva were/was in bad shape financially.’

Predi godina podpailha fabrikata i sklada i dvora biaha / beSegrozna gledka.
Before year fire-pl-past factory-det and stordgé-and yard-det were/was  ugly sight

‘A year ago someone set fire in the factory andstioeage facility and the yard were/was an
ugly sight.’

Predi godina podpailha starata fabrika i saseddéisi zapustelia dvdriaha / beSegrozna
Before year fire-pl-past old-det factory and hgestorage and yard-det were/was ugly
gledka.

sight

‘A year ago someone set fire in the old factory Hmenearby storage facility and the
abandoned yard were/was an ugly sight.’

Edva smogvaSe da otopliava spalniata i kaaniai hola biaha / beSesaSinski
Barely manage-pastto heat bedroom-det aotdatdet and living room were/was real
hladilnik.

fridge

‘(S/he) barely managed to heat the bedroom andittieen and the living-room were / was
like a fridge.’

Edva smogvase da otopliava ednata spalnia nadiakuhnika i mrania hol
Barely manage-pastto heat one-det bedroahtimyrdet kitchen and dark living room
biaha / beSesasSinski hladilnik.
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were /was real fridge
‘(S/he) barely managed to heat one of the bedramdghe tiny kitchen and the dark living-
room were/was like a fridge.’

Staiata ni gledase kam moreto i parkatsentara rbiaha/ beSenablizo.
Room our look-past toward sea-det and park-detcanter-det us were/was nearby
‘Our room overlooked the sea and the park andttven)center were/was close.’

Staiata ni gledaSe kam morskia briag i o©8pka park i tsentralnata ulitsa
Room our look-past toward sea-det shore and bekdet park-det and center-det street

ni biaha / beSenablizo.

us were/was nearby

‘Our room overlooked the sea shore and the beaptiik and the main street were/was
close.’

Plati v brojza materialite i dostavkataraztovarvanetbiaha / beSeza smetka
Pay-past in cash for materials-det and deliveryadiet unloading-det were/was for account

na stroitelnata firma.

of building company

‘(S/he) paid cash for the materials and the dejiwerd the unloading were/was paid by the
building company.’

Plati v broj  za vgki materiali i ekspresnata dostavka i tovarogaatvanetdiaha /
Pay-past in cash for all materials-det and expdessielivery and loading-unloading-det were/
beSeza smetka na stroitelnata firma.

was for account of building company

‘(S/he) paid cash for all the materials and theresp delivery and the loading-unloading
were/was paid by the building company.’

Prez may pusnaha singala i klipaalbuma biaha / beSesiguren hit
During May release-past single-det and video-ddtadbum-det were/was sure hit
‘In May they released the single and the video thiedalbum were/was a sure hit.’

Prez may pusnaha z&keia singal i predizvikatelnia klip i novia imlbumbiaha / beSe
During May release-past catchy-det single and grative video and new-det their album were/was
siguren hit

sure hit

‘In May they released the catchy single and thevpcative video and their new album
were/was a sure hit.’

Parvo nahrani ribkite i koteto i cktobiaha /beSev ochakvane na svoia red
First feed-past fish-pl-det and kitten-det and-dey were/was in waiting for own riur
‘(S/he) first fed the fish and the kitten and tlogdvas waiting for their/its turn.’

Parvo nahrani dekorativnite ribki i rizavoto kowtaroto kde biaha / beSev ochakvane na
First feed-past decorative-det fish-pl and gindetrkitten and old-det dog were/was in waiting fo
svoia paj
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own turn
‘(S/he) first fed the decorative fish and the gingigten and the old dog were/was waiting for
its/ their turn.’

19.Sled kato otvliakoha akstrisata i deteto saprugat ibiaha / beSev opasnost.
After that kidnap-past actress-det and child-aek lausband her was/were in danger
‘Then someone kidnapped the actress and the amddher husband were/was in danger.’

Sled kato otvliakoha izvestnata aktrisa i pdignoto i dete i bivSiat i saprug
After that kidnap-past famous-det actress andyeear-old-det her child-det and ex-det her husband
biaha / beSev opasnost.

was/were in danger
‘Then someone kidnapped the famous acress andvbeydar old child and her ex-husband
were/was in danger.’

20.Biah govoril s kolegata | dadnika I direktora biaha / beSev tecenie.
Had talk-past with colleague-det and supervisorathet manager-det were/was  in current
‘I had talked to my colleague and the supervisar tie manager were/was aware of that.’

Biah govoril s novia kolega i prakni ng&alnik i zamestnik direktoraiaha /
Had talk-past with new-det colleague and directedesupervisor and assistant manager-det were/
beSev tetenie.

was in current

‘I had talked to the new colleague and our diregtesvisor and the assistant manager
were/was aware of that.’

21.Lipsvaha mu tsigarite i kafeto i sladkbiaha / beSeslab zamestitel
Lack-past him cigarettes and coffee and jamerejwas weak substitute
‘He missed having cigarettes and coffee and janefwears a poor substitute.’

Lipsvaha mu finite tsigari i kajmakliata kafebialoto sladkdiaha / beSeslab zamestitel
Lack-past him fine cigarettes and thick-det cotied white-det jam were/was weak substitute
‘He missed having fine cigarettes and thick cotiad white jam were/was a poor substitute.’

22.Poneze kupi tdloto i noZovete i postavkalgaha / beSekato podarak.
Because buy-past sharpener and knives and staedwasra bonus.
‘Because he bought the sharpener and the knivetharstand were/was a bonus.’

Poneze kupi vaprosnotaitimto i komplekta nozove i krasivata postaykaha / beSe
kato podarak.

Because buy-past said sharpener and set kakepretty stand were/was a bonus.

‘Because he bought the above mentioned sharpeddharset of knives and the beautiful
stand were/was a bonus.’

23.0mraznaha mu skite i sarfa i motorhiaha / beSenovata mu strast.
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Bored him ski and surf and motorcycleas/were new his passion
‘He was bored with skiing and surfing and the moyote were / was his new passion.’

Omraznaha mu ski kurortite i windsarfinga i Sunmiator  biaha / beSenovata mu

Bored him ski resorts and windsurfiagd noisy motorcycle was/were new his
strast.

passion

‘He was bored with ski resorts and windsurfing #melnoisy motorcycle were / was his new
passion.’

24. Takmo be izpratil daSteria si | vkata I ktetobiaha / beSeoSte navan.

Just had seen off daughter-det refl and granddatglet and dog-det were/was still outside.
‘He had just seen off his daughter and tlaamddaughter and the dog were/was still outside.’

Takmo be izpratil dovedenata si daSterialiagnata vniaka i puhkavoto kée

Just had seen off step-det refl daughtdradahest granddaughter and dog-det

biaha / beSeoSte navan.

were/was still outside

‘He had just seen off his daughter and ttaamddaughter and the dog were/was still outside.’
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Appendix A-2: Target items in experiments 1-5: RC #achment

This appendix lists the 24 RC attachment items (sentence pairs) used as auditory
stimuli in the phoneme restoration experiments reported in Chapters 3 and 4 and as
visual (written) stimuli in the experiments reported in Chapter 6.

The RC attachment items contained a NP of NP construction and a RC which could
modify either the first or the second noun head. RC attachment was disambiguated by
the gender of the relative pronoun. More details are given in Chapter 3. The target items
were counterbalanced for gender of N1 and N2: half of the items had a masculine
N1(m) - feminine N2(f) noun order and the other half had a feminine N1(f) - masculine
N2(m) noun order.

The short versions of the items only were used as auditory stimuli for phoneme
restoration in Experiment 1a (visual word choice), Experiments 2a-b (sentence
repetition) and Experiments 3a-b (sentence shadowing), as well as visual stimuli for
grapheme restoration in Experiments 5a-b (silent reading with sentence repetition).

Both the short and the long versions were used as auditory stimuli for phoneme
restoration in Experiment 1b-c (visual word choice), as well as visual stimuli for
grapheme restoration in Experiments 4a-b (silent reading with visual word choice).

SHORT VERSIONS

1. Podtseniha  advokata na pevitsata, &okatpi imenieto.
Underestimateg] , lawyer(m)-det of singer(f)-det who(f) bougyi, estate-det.
‘They underestimated the lawyer of the singdio bought the estate.’

Podtseniha  advokata na pevitsata, kkitpi  imenieto.
Underestimateg] , lawyer(m)-det of singer(f)-det who(m) boughy, estate-det.
‘They underestimated the lawyer of the sing®io bought the estate.’

Podtseniha drelgkia advokat na naSumialata pevitsa, koilatpi  imenieto.
Underestimatedmall-framed-deawyer(m) of newly-famous-det singer(f) who(f) bduig ., estate-det.
‘They underestimated the lawyer of the singdo bought the estate.’

Podtseniha  drehikia advokat nanaSumialata pevitsa, kojgpi  imenieto.
Underestimategmall-framed-ddawyer(m) of newly-famous-det singer(f) who(m) lobi, <, estate-det.
‘They underestimated the lawyer of the sing#io bought the estate.’

2. Preduprediha baSata na ludata, koiato hraneSdu
Warned, . father(m)-det of lunatic(f)-det who(f) fgd,, dog-det.
‘They warned the father of the lunatido fed the dog.’

Preduprediha baSata na ludata, kojto hraneSetéwu
Warned, ;. father(m)-det of lunatic(f)-det who(m) fgd, dog-det.
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‘They warned the father of the lunatiho fed the dog.’

Preduprediha pritesnenia basa na kvartalnata kaii@o hranese Keto.
Warned, . anxious-det father(m) of neighborhood-dettio(f) who(f) fed, 54 dog-det.
‘They warned the anxious father of the neighborhiom@ticwho fed the dog.’

Preduprediha pritesnenia basSa na kvartalnata luda,kojto hraneSe keto.
Warned,; anxious-det father(m) of neighborhood-det lur{@tiwho(m) fed, sy dog-det.
‘They warned the father of the lunatiho fed the dog.’

. PomneSe diadoto na bulkata,ateasabori  tortata.
Remembereg s grandfather(m)-det of bride(f)-det who(f) knocked cake-det.
‘(S/he) remembered the grandfather of the bvithe knocked down the cake.’

PomneSe diadoto na bulkata, tokegbori tortata.
Remembereg] ;;grandfather(m)-det of bride(f)-det who(m) knockgdcake-det.
‘(S/he) remembered the grandfather of the bvithe knocked down the cake.’

PomneSe podpijnalia diado na pritesmata bulka, koiato sabori tortata.
Remembereg s, tipsy-det grandfather(m) of shy-det bride(f) who(f) knockeg}, ;;cake-det.
‘(S/he) remembered the grandfather of the bvitte knocked down the cake.’

PomneSe podpijnalia diado na pritesmata bulka, kojto sabori tortata.
Remembereg s, tipsy-det grandfather(m) of shy-det bride(f) who(m) knockeg s;cake-det.
‘(S/he) remembered the grandfather of the bvithe knocked down the cake.’

. Podkupiha ikonoma na grafiniata, koiato pazeSe g@tiam
Bribeds, ;. butler(m)-det of duchess(f)-det who(f) kept letters-det.
‘They bribed the butler of the ducheskho was keeping the letters.’

Podkupiha ikonoma na grafiniata, kojto pazeSe piama
Bribed;, ;. butler(m)-det of duchess(f)-det who(m) kgpgletters-det.
‘They bribed the butler of the duchesko was keeping the letters.’

Podkupiha grohnalia ikonom na visokomernata grafikoiato pazeSe pismata.
Bribeds,;,  rickety-det butler(m) of arrogant-det  deshk(f) who(f) kep} sqletters-det.
‘They bribed the sickly butler of the arrogant destwho was keeping the letters.’

Podkupiha grohnalia ikonom na visokomernata grafikojto pazeSe pismata.
Bribed;, i  rickety-det butler(m) of arrogant-detduchess (f) who(m) keptsgletters-det.
‘They bribed the sickly butler of the arrogant destwho was keeping the letters.’

. Nagradiha Sefa na brokerkata, koiato dvizeSe stielka
awarded, .  boss(m)-det of broker(f)-det who(f) workgd, deal-det.
‘They promoted the boss of the brokeno was working on the deal.’

Nagradiha Sefa na brokerkata, kojto dvizeSe sdelkat
awarded, . boss(m)-det of broker(f)-det who(f) workgd, deal-det.
‘They promoted the boss of the brokeno was working on the deal.’
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Nagradiha nadutia Sef  na mladata brokdwti@to dvizeSe sdelkata.
awarded, ;. pompous-det boss(m) of young-det broker(f) wheyked, s;deal-det.
‘They promoted the pompous boss of the brakleo was working on the deal.’

Nagradiha nadutia Sef  na mladata brokdstgo dvizeSe sdelkata.
awarded, ;. pompous-det boss(m) of young-det broker(f) whoffyked;, ;o deal-det.
‘They promoted the pompus boss of the young broker was working on the deal.’

. Cakaha bratoseda na koleZkata, koiato urezdadeksi
waited;, ;. cousin(m)-det of colleague(f)-det who(f) arrangegall.
‘They were waiting for the cousin of the colleaguveo made all the arrangements.’

Cakaha bratoteda na koleZkata, kojto urezdasesksi
waited, ;. cousin(m)-det of colleague(f)-det who(m) arrangeghll.
‘They were waiting for the cousin of the colleagueo made all the arrangements.’

Cakaha proslovutia bratéed na novata kolezka, koiato urezdadékesi
waited;, . infamous-det cousin(m) of new-det colleague(f) whafranged, sgall.

‘They were waiting for the infamous cousin_of trenncolleaguavho made all the
arrangements.’

Cakaha proslovutia bratdgd na novata kolezka, kojto urezdaseksi

waited;, . infamous-det cousin(m) of new-det colleague(f) whpérrangeg g all.

‘They were waiting for the infamous cousin of trenncolleaguavho made all the
arrangements.’

. Sabudiha hazaina na studentkata, koiato razbiragski.
Woke;, p. landlord(m)-det of student(f)-det who(f) undersigp, French.
‘They woke the landlord of the studemho understood French.’

Sabudiha hazaina na studentkata, kojto razbira®sKr.
Woke;, p. landlord(m)-det of student(f)-det who(f) undersigp, French.
‘They woke the landlord of the studembo understood French.’

Sabudiha vazrastnia hazain na usluzlivata studektkato razbirasSe frenski.
Woke, 1. elderly-detandlord(m) of student(f)-det who(f) understgpg French.
‘They woke the elderly landlord of the helpful sestilwho understood French.’

Sabudiha vazrastnia hazain na usluZlivata studektii razbiraSe frenski.
Woke;, . elderly-detandlord(m) of student(f)-det who(f) understggg, French.
‘They woke the elderly landlord of the helpful stundiwho understood French.’

. PoznavaSe pridruzitelia na gospozitsata, koiatecpayaspéo.
knew, g companion(m)-det of lady(f)-det who(f) ordeggg gaspacho.
‘S/he knew the companion of the lado ordered gaspacho.’
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Poznavase pridruzitelia na gospozitsata, kojtajaogaspéo.
knews, sg.  companion(m)-det of lady(f)-det who(m) ordegegd gaspacho.
‘S/he knew_the companion of the lado ordered gaspacho.’

PoznavaSe edria pridruzitel na svetskata gospoXitsato poréa gaspéo.
knew, sq heavy-det companion(m) of society girl(f) who(f) ordereg) scgaspacho.
‘S/he knew the companion of the lado ordered gaspacho.’

PoznavasSe edria pridruzitel na svetskata gospoXit§to porda gaspé&o.
knews, sg.  heavy-det companion(m) of society girl(f) wh(ordereg, sogaspacho.

‘S/he knew_the companion of the lado ordered gaspacho.’

9. Spomenahaditelia na friziorkata, koiato otkrivase salon.
Mentioned, , teacher(m)-det of hair-dresser(f)-det who(f) opipe, salon.

‘They mentioned the mentor of the hair-dressbo was opening a salon.’

Spomenahaditelia na friziorkata, koiato otkrivase salon.
Mentioned, , teacher(m)-det of hair-dresser(f)-det who(m) opgng salon.
‘They mentioned the mentor of the hair-dressbo was opening a salon’

Spomenaha izvestnia ¢itel na talantlivata friziorka, koiato otkrivaSalon.
Mentioned, ,well-know-detteacher(m) of talented-det hair-dresser(f) whofigneg, s, salon.

‘They mentioned the well-known mentor of the taéghhair-dressewho was opening a
salon.’

Spomenaha izvestnig&itel na talantlivata friziorka, koiato otkrivasd@a
Mentioned, ; well-known-det teacher(m) of talented hair-dre@¥elet who(m) openeg ¢4 salon.

‘They mentioned the well-known mentor thie talented hair-dresseho was opening a
salon.’

10.Prosledi  informatora na zurnalistkata, koatovali sreStata.
Followed;, s informer(m)-det of journalist(f)-det who(f) ruinggdy meeting-det.

‘S/he followed the informer of the journalisho ruined the meeting.’

Prosledi  informatora na zurnalistkata, kqjtovali sreStata.
Followed;, sginformer(m)-det of journalist(f)-det who(m) ruingd, meeting-det.
‘S/he followed the informer of the journalisho ruined the meeting.’

Prosledi tainstvenia informator na skandalnatadistka, koiato provali sreStata.
Followed;, sg secret-det nformer(m) of notorious journalist(fagf) ruined, s, meeting-det.
‘S/he followed the secret informer of the notorigosrnalistwho ruined the meeting.’

Prosledi tainstvenia informator na skandalnataalistka, kojto provali sresStata.
Followed, g secret-det nformer(m) of notorious journalist(flagm) ruined, s, meeting-det.
‘S/he followed the secret informer of the notorigosrnalistwho ruined the meeting.’

11.Zaloviha satistnika na kasierkata, koiato prizna izmamata.
Arrested, . partner(m)-det of cashier(f)-det who(f) admitiegd fraud-det.
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‘They arrested the partner of the cashwio admitted the fraud.’

Zaloviha satistnika na kasierkata, kojto prizna izmamata.
Arrested, . partner(m)-det of cashier(f)-det who(f) admitiegd fraud-det.
‘They arrested the partner of the cashwio admitted the fraud.’

Zaloviha drugia saistnik na bankovat kasierkata, koiato prizna izmamat
Arrested, , other-det partner(m) of bank-det cashier(f) whafjnitted, s, fraud-det.
‘They arrested the partner of the cashwio admitted the fraud.’

Zaloviha drugia saistnik na bankovat kasierkata, kojto prizna izmamata
Arrested, . other-det partner(m) of bank-det cashier(f) who@anitted, s, fraud-det.
‘They arrested the partner of the cashwio admitted the fraud.’

12.Saboriha obozatelia na balerinata, koigkaSe kolata.
Knocked dows, ;. admirer(m)-det of balerina(f)-det who(f) waitgd, car-det.
‘They knocked down the admirer of the ballenmlao was waiting for the car.’

Saboriha oboZatelia na balerinata, kégiaSe kolata.
Knocked dowg, . admirer(m)-det of balerina(f)-det who(f) waitgd, car-det.
‘They knocked down the admirer of the ballenmao was waiting for the car.’

Saboriha stroinia obozatel na iziaShalarina, koiat@éakase kolata.
Knocked dows, . slim-det admirer(m) of delicat-det balerina(fia{f) waited, sy car-det.

‘They knocked down the elegant admirer of the dédidallerinavho was waiting for
the car.’

Saboriha stroinia obozatel na iziaSnata baleriopo kakaSe kolata.
Knocked dows, . slim-det admirer(m) of delicat-det balerina(fia{m) waited, s car-det.

‘They knocked down the elegant admirer of the dédidallerinavho was waiting for
the car.’

13.Pokazaha vitkata na poeta, kojto p&ilnagrada.
Showed, ;. grand-daughter(f)-det of poet(m)-det who(mi;gQ, reward.
‘They showed the grand-daughter of the poled got the reward.’

Pokazaha vrikata na poeta, koiato pwlitagrada.
Showed, . grand-daughter(f)-det of poet(m)-det who(@pt reward.
‘They showed the grand-daughter of the poled got the reward.’

Pokazaha kadrokosata wka na izvestnia poet, kojto ytohagrada.
Showed, . curly-haired grand-daughter(f)-det of famoupoet(m)-det who(m) ggts, reward.

‘They showed the curly-haired grand-daughter offimous poetvho got the reward.’

Pokazaha kadrokosata ¥Ra  naizvestnia poet, koiato pwltagrada.
Showed, . . curly-haired grand-daughter(f)-det of farmou poet(m)-det who(f) got reward.

‘They showed the curly-haired grand-daughter offimous poetvho got the reward.’
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14.HaresvaSe sestrata na aktiora, kojto smmeidami.

15.

16.

Likedsysq  sister(f)-det of actor(m)-det who(m) sh@§ commercials
‘S/he liked the sister of the actaho shot commercials.’

HaresvasSe sestrata na aktiora, koiato seimadami.
Likedspsq  sister(f)-det of actor(m)-det who(f) shaf commercials
‘S/he liked the sister of the actwho shot commercials.’

HaresvaSe milovidnata sestra na mladia akti&gjto snimasSe reklami.
Likedspsq,  sweet-looking sister(f)-det of young-det a@tg who(m) shaf s, commercials
‘S/he liked the sweet-faced sister of the youngrasho shot commercials.’

HaresvaSe milovidnata sestra na mladia aktidtpiato snimasSe reklami.
Likedspsq  sweet-looking sister(f)-det of young-det a@tg) who (f) shof,sq, commercials

‘S/he liked the sweet-faced sister of the youngraweho shot commercials.’

Informiraha klasnata na mladeza, kojto vodeSe grupata.
Informeds, . class teacher(f)-det of youngster(m)-det whd@dy, s group-det.
‘They informed the teacher of the youngster Wdabthe group.’

Informiraha klasnata na mladeza, kojto vodeSe grupata.
Informed;, 5. class teacher(f)-det of youngster(m)-det wha€ik, s group-det.
‘They informed_the teacher of the youngsidro led the group.’

Informiraha strogata klasna na nepokorrede¥, kojto vodeSe grupata.
Informed, . strict-det class teacher(f) of unruly-det youegsn) who(m) leg, sq group-det.
‘They informed the teacher of the youngster Wdabthe group.’

Informiraha strogata klasna na nepokom@zdez, kojto vodeSe grupata.
Informed;,, . strict-det class teacher(f) of unruly-det ygster(m) who(f) leg s; group-det.
‘They informed_the teacher of the youngstdro led the group.’

Raniha sasedkata na profesora, kojtéate kotki.
injuredsp . neighbour(f)-det of professor(m)-det who(m) ldyg, cats.
‘They injured the neighbor of the professdno loved cats. *

Raniha sasedkata na profesora, koiatdasia kotki.
injureds, . neighbour(f)-det of professor(m)-det who(f) loygs, cats.
‘They injured_the neighbor of the professdno loved cats.’

Raniha vazrastnata sasedka na razseiania prokegor pbicase kotki.
injureds, . old-det neighbour(f) of absent-minded-det pseter who(m) loveg) 4 cats.

‘They injured the elderly neighbor of the absentd&d professowho loved cats. *

Raniha vazrastnata sasedka na razseiania prokesaig obtase kotki.
injureds, . old-det neighbour(f) of absent-minded-det pssbr who(f) loveg) s, cats.

‘They injured_the elderly neighbor of the absentid@d professowho loved cats.’
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17.Razpozna gostenkata na hudoZnika, kojto piSeSavstih
recognizeg, . guest (f)-det of artist(m)-det who(m) wrgge, verse-det.
‘S/he recognized the guest of the anv$io wrote poetry.

Razpozna gostenkata na hudoznika, kojto piSeSevstih
recognizeg, . guest (f)-det of artist(m)-det who(f) wrejg, verse-det.

‘S/he recognized the guest of the anéio wrote poetry.’

Razpozna c¢arovnata gostenka na ekstravagantnia hudoznilkg kgese stihove.
recognizeg, ,.charming-det guest(f) of extravagant-detisgm) who(m) wrotg, s, verse-det.
‘S/he recognized the charming guest of the extrangartistwho wrote poetry. *

Razpozna&arovnata gostenka na ekstravagantnia hudoznilkg k@gese stihove.
recognizeg, . charming-det guest(f) of extravagant-deho(f) wrote, o4 verse-det.

‘S/he recognized the charming guest of the extranagrtistwho wrote poetry.’

18.Vidia saprugata  na deputata, kojtoSenaroblemi.
Sawg, g Wife —(f)-det of polititian(m)-det who(m) hagd, problems-det.
‘S/he saw the wife of the polititian who was havprgblems.’

Vidia saprugata  na deputata, koiataSenproblemi.
Saw, 5. Wife —(f)-det of polititian(m)-det who(f) hagk, problems-det.
‘S/he saw the wife of the polititian who was havpmblems.’

Vidia prikazlivata saprugata na dostolepnia depukojto imasSe problemi.
Sawg, g talkative-det wife —(f) of stately-det filan(m) who(m) hag, s problems-det.

‘S/he saw the wife of the polititian who was havprgblems.’

Vidia prikazlivata saprugata na dostolepnia depukojto imasSe problemi.
Saw, sgtalkative-det wife —(f) of stately-det fitian(m) who(m) hag, s problems-det.
‘S/he saw the wife of the polititian who was havprgblems.’

19. SreStna sluginiata na episkopa, kojto mrazeSeqigisi
Mets, . servant(f)-det of bishop(m)-det who(m) hatgg beggars.

‘S/he met the servant of the bishwps hated beggars.’

SreStna sluginiata na episkopa, koiato mraze&egisa
Mets, . servant(f)-det of bishop(m)-det who(f) hajed beggars.
‘S/he met the servant of the bishwho hated beggars.’

SreStna gramoglasnata sluginia na badestia epikkfip,mrazeSe prosiatsi.
Mets, 1. loud-det servant(f) of next-detHuip(m) who(m) hateg s, beggars.

‘S/he met the loud servant of the next bishop Wwated beggars.’

SreStna gramoglasnata sluginia na badestia epikkfip,mrazeSe prosiatsi.
Mets, . servant(f)-det of proest(m)-det who(f) hajed beggars.
‘S/he met the loud servant of the next biskdw hated beggars.’
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20.Uvolniha treniorkata na tenisista, kojto izpusné&ts

21.

22.

Dismissed, . trainer(f)-det of tennis player(m)-det who(m) sdg, o, flight-det.
‘They let go the trainer of the tennis playeno missed the flight.’

Uvolniha treniorkata na tenisista, koiato izpusokefa.
Dismissed, . trainer(f)-det of tennis player(m)-det who(f) sesk, 4. flight-det.
‘They let go_the trainer of the tennis playeno missed the flight.’

Uvolniha neopitnata treniorka na obeSavastia tehikojto izpusna poleta.

Dismissed, 1. inexperienced-det trainer(f) of promising-det tenpliayer(m) who(m) misseg, flight-det.
‘They let go the inexperienced trainer_of the preing tennis playewho missed the
flight.’

Uvolniha neopitnata treniorka na obeSavastia tefnikoiato izpusna poleta.
Dismissed, . inexperienced-det trainer(f) of promising-det tisrpiayer(m) who(f) missegs, flight-det.
‘They let go_the inexperienced trainer of the preimg tennis playewho missed the
flight.’

Pricaka dasterriata na direktora, kojto tormozesSeibrat
waited, ;. daughter(f)-det of principal(m)-det who(m) haress s, brother their.
‘S/he waited for the daughter of the principaio harassed their brother.’

Pricaka daSterriata na direktora, koiato tormozeaeibr.
recognizeg, . daughter(f)-det of principal(m)-det who(f) harredg 4. brother their.
‘S/he waited for the daughter of the principalo harassed their brother.’

Pricaka ehidnata dasSterria naligtnia direktor, kojto tormozeSe brat im.
waited, ;. sarcastic-det daughter(f) of school-det principalivho(m) harrassegls, brother their.
‘S/he waited for the sarcastic daughter of the sthdncipalwho harassed their
brother.’

Pricaka ehidnata daSterria  n@ligtnia direktor, koiato tormozeSe brat im.
Waited,, ;. sarcastic-det daughter(f) of school-det principal who(f) harrassegs, brother their.
‘S/he waited for the daughter of the principaio harassed their brother.’

ZaplaSiha godenitsata na milionera, kojto sadeSmika.
Threaten, . fiancee(f)-det of millionnaire(m)-det who(m) sygg, paper-det.
‘They threatened the fiancée of the millionaire wies suing the paper.’

ZaplaSiha godenitsata na milionera, koiato sadesmika.
Threaten, . fiancee(f)-det of millionnaire(m)-det who(f) sugd, paper-det.
‘They threatened the fiancée of the millionaireowtas suing the paper.’

ZaplaSiha krasivata godenitsa na novoizliupeniboner, kojto sadeSe vestnika.
Threaten, , beautiful-det fiancee(f) of newly-hatched-det ioiinaire(m) who(m) suegs, paper-det.
‘They threatened the beautiful fiancée of the nelionaire who was suing the paper.’
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ZaplaSiha krasivata godenitsa na novoizliupeniboner, koiato sadeSe vestnika.
Threaten, ;, beautiful-det fiancee(f) of newly-hatched-detlimiinaire(m) who(f) sueg s, paper-det.
‘They threatened the beautiful fiancée of the nelionaire who was suing the paper.’

23.Snimaha priatelkata na Sampion gpldarzeSe kupata.
Photographegl , girlfriend(f)-det of champion(m)-det who(m) held, cup-det.
‘They photographed the girlfriend of the champwamo was holding the cup.’

Snimaha priatelkata na Sampion, kodErzeSe kupata.
Photographeg ;. girlfriend(f)-det of champion (m)-det who(f) hgld, cup-det.
‘They photographed the girlfriend of the champwamo drove a Toyota

Snimaha Stastlivata priatelka novia nagam kojto darzeSe kupata.
Photographeg . happy —det girlfriend(f) of new champion(m)-detio(m) held, sy cup-det.
‘They photographed the happy girlfriend of the rhampion who was holding the cup.’

Snimaha Stastlivata priatelka na novia SampiorgtkalarzeSe kupata.
Photographeg! . happyse:girlfriend(f)-det of new champion(m)-det who(f)ltg, 54 cup-det.

‘They photographed the happy girlfriend of the rehampion who was holding the
cup’

24.Interviviraha sadruztkata na hoteliera, kojto $pé deloto.
Interviewed,, ;. business partner(f)-det of hotel owner(m)-det wijofors, 54 case-det.
‘They interviewed the business partner of the hotaterwho won the case.’

Interviuiraha sadruztkata na hoteliera, koiato &pk deloto.
Interviewed, . business partner(f)-det of hotel owner(m)-det wiogory, 54 case-det.
‘They interviewed the business partner of the hotaterwho won the case.’

Interviuiraha niakogasnata sadru#@ na préutia hotelier, kojto sgeli deloto.
Interviewed,, ;. one-time-det business partner(f) of notorious lhmieer(m) who(m) wog), s case-det.
‘They interviewed the business partner of the hotaterwho won the case.’

Interviuiraha niakogaSnata sadru#a na proéutia hotelier, koiato sgeli deloto.
Interviewed,, ;. one-time-det business partner(f) of notorious lhmieer(m) who(m) wog), s case-det.

‘They interviewed the business partner of the hotaterwho won the case.’
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Appendix A-3: Pilot items in experiments 1-5: Accusative/possessive reflexive

This appendix lists the 12 accusative/possessive reflexive items (sentence pairs) used
as auditory stimuli in the phoneme restoration experiments reported in Chapters 3 and 4
and as visual (written) stimuli in the experiments reported in Chapter 6.

1. ObicaSe da se hvali. Detsata i ge znaeha.
Loved to refl-acc praise children-det and thieknew
‘He liked to brag (about himself). The children evaew it.’

ObicaSe da si hvali detsata. Ite go znaeha.
Loved to refl-poss praise children-det and tineynew
‘He liked to praise his children. And they knew it’

2. PlaniraSe da se premesti. Ofisat beSe v logdabiznesat stradase.
planned to refl-acc move office was in badchaed business suffered
‘He planned to move. The office was in a bad arehlaisiness was not going well.’

PlaniraSe da si premesti ofisa. BeSe v\agthkl i biznesat stradase.
planned to refl-poss move office was in badaamd business suffered
‘He planned to move his office. It was in a badaamaed business was not going well.’

3. Zaklel se be da se varne. LiubimataZaka dalgo.
Vowed refl was to refl-acc get back beloved womaited long
‘He had vowed to come back. His beloved had waatkzhg time.’

Zaklel se be da si varne liubimzgaa.Caka dalgo.
Vowed refl was to refl-poss get back beloved worwaited long
‘He had vowed to get his beloved back. He had datéong time.’

4. Pak uspia da se iznervi. Sakvartiramégosledak go drazneSe s vsiaka duma.
Again managed to refl-acc annoyed roommatkately him annoyed with every word
‘He couldn’t help getting annoyed again. Latelys bommate annoyed him with every
word.’

Pak uspia da si iznervi sakvartirahtaposledak go drazneSe s vsiaka duma.
Again managed to refl-poss annoyed roommatately him annoyed with every word
‘He managed to annoy his roommate again. Latelgryesingle word annoyed him.’

5. Varna se da se preokse Rokliata beSe demode I istoeSe zle.
Returned refl to refl-acc change dress-det wakfashioned and her suited ill
‘She went back to change. The dress was old-fastiand did not suit her.’

Varnase da da si preoteokliata. BeSe demode I 1 stoeSe zle.
Returned refl to refl-poss change dress-det wldsfashioned and her suited ill
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‘She went back to change her dress. It was oldidagld and did not suit her.’

6. Véera se beSe izlozil. Treniorat ne iskdgse povtaria pri sledvastia éna
Yesterday refl-acc was embarrassed Trainer waat to refl repeat at next game
‘He had embarrassed himself yesterday. His traditenot want that to happen again at
the next game.’

Vcera Si besSe izlozil trenidxe iskaSe da se povtaria pri sledvastig.ma

Yesterday refl-poss was embarrassed Trainet want to refl repeat at next game
‘He had embarrassed his trainer yesterday. He alidvant that to happen again at the

next game.’

7. Uzazasno se izplaSi. Sasedite biaha otvorilignetsa i koteto se Smugna prez nego.
Terrible refl-acc scared Neighbours were open windnd kitten refl sneak through it
‘He got a terrible fright. The neighbours had kftvindow open and the kitten sneaked
throough it.’

Uzazasno si izplaSi sasedite. Biaha otvprdizoretsa i koteto mu padna vatre.
Terrible refl-poss scared Neighbours were operow and kitten refl sneak through it
‘He got his neighbours a terrible fright. They Haff a window open and the kitten
sneaked throough it.’

8. Edna Zena triabva da se poddarza. VansSnostta ez zkenie na tazi vazrast.
One woman must to refl-acc care for appeararatdswithout importance at this age
‘A woman has to take care of herself. Looks aredrtant at this age.’

Edna Zena triabva da si poddarza vansnostta. e eri#enie na tazi vazrast.
One woman must to refl-poss care for appeararutas without importance at this age
‘A woman has to take care of her looks. That'stnetal at this age.’

9. ImaSe sklonnost da se podtseniava. Kolegite gsaubezdavahdgge ne e prav.
Had tendency to refl-acc underrate colleagueaydvinim convince that not is right
‘He had a tendency to underestimate himself. Hileagues kept telling him he was
wrong.’

ImaSe sklonnost da si podtseniava kolegite. \¢geubeezdavahée ne e prav.
Had tendency to refl-poss underrate colleagueaya him convince that not is right
‘He had a tendency to underestimate his colleagtle=y kept telling him he was
wrong.’

10.Ne iskaSe da se provalia. Sansovete i bez Hiave mnogo malki.
Not want to refl-acc fail  chances and withthat were very small
‘He didn’t want to make himself fail. His chancesre not that good any way.’

Ne iskaSe da si provalia Sansovete. | bez tovaalbmatogo malki.
Not want to refl-poss ruin ~ chances and withibat were very small
‘He didn’t want to ruin his chances. They were tiatt good any way.’
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Razbra, c¢e naprazno se habi. Dumite iavno niamaSea gpeatliat.

Understood that uselessly refl-acc waste wordsaasly not-fut to her impress

‘He understood that he was wasting his time. Olsliguwords were not going to impress
her.’

Razbra, c¢e naprazno si habi dumite. lavno niantzs@ vpéatliat.

Understood that uselessly refl-poss waste wordgably not-fut to her impress

‘He understood that he was wasting his words. Mene obviously not going to impress
her.’

MectaeSe da se izuDeteto niakoj den SteSe da se gordee s nego.
Dreamed to refl-acc school child-det some day aaalrefl pride with him

‘He dreamed of getting an education. One day hild @¥ill be proud of him.’
MectaeSe da si izl deteto. Niakoj den SteSe da se gordee s nego

Dreamed to refl-poss school child-det some daylevto refl pride with him

‘He dreamed of givinh his child an education. Oag He will be proud of him.’
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Appendix B: Instructions to participants

Appendix B-1: Instructions for the visual word choce experiments (Experiments 1a-c and
Experiment 6)

N3cnensaneTo, B KOETO Ie ydacTBaTe MPOyyYBa Kak Xopara Bb3CTaHOBSBAT JyMH, KOUTO HE ca
qynu goope.

[To Bpeme Ha TecTa 1€ CayllaTe U3pEeYeHusl, B KOUTO Ha MECTa MMa CTPAaHUYEH IIIyM U HE ce
gyyBa n0o6pe. Ciieqr BCIKO U3pEUCHHE I1Ie BIDKIaTe 2 TyMH Ha eKpaHa. BamaTa 3amaga e na
OTIpEICTTUTE, KOS OT TAX € OMiia B U3PEUCHHUETO, KOETO TOKY IO cTe UyiH. [ymMuTe Ha ekpaHa mie
C€ MOBTAPST NEPUOJANYHO U BUHATH 1€ Ca B €IMH U CHII PEI.

3a ma yyere u3peueHueTo ce HaTucka kinapum <SPACE>.

JlsBara gyma ce u3bupa c ieus kinaBui <SHIFT>, Ha koiiTo nMa yepBeHa JIeNeHKa.
Jlsicnata nyma ce u3oupa ¢ aecHus kinasuil, <SHIFT>, Ha koiiTo nMa CHHS JICTICHKA.
Nznomspaiite <SPACE>3a na npemunere, KbM CIIEIBAIIO0 U3PEUCHHUE.

Modst 1a OTroBapsTe Bb3MOXKHO Hail-ObP30 U BB3MOXKHO Haii- BHUMATEIIHO KaTo n30upare 1mo
YCET aKO He CT€ CUTYpHHU B OTIOBOPA.

[IspBo e BuAKUTE HAa ekpaHa Haanuc "ETo HAKO0JIKO NpuMepa 3a ynpa;kHeHue" U II1¢ ONUTaTe
npumepure. Ha expana me ce nosisu Haanuc "Mmare Ju Bbnpocu?'. Axo 3agadata Bu e
3aTpyJqHUIIA, ouckKaiite 1a Bu 0b1e o0sicHeHa 1 HallpaBeTe IPUMEPUTE OTHOBO MpEAH Ja
3aMlOYHETEe TECTA.

[Tocne me BunuTe Ha ekpana Haanuc "3amouBarte Tecta!”. Karo Hatucuere knaBum <SPACE>
11e 3armo4yHe Tecta. MoJist yBeperTe ce, ue CTe TOTOBU IPE/IU Ja 3aloYHeTe.

Camusr Tect otHema okosio 20 muryTH. Clie KaTo 3all0YHeTe, aKO € MOKe HalpaBeTe TeCTa 10
Kkpaii. ToBa € BayKHO 3a U3CiIeIBaHETO. AKO MPEKPATUTE TeCTa, OTTOBOpuTe Bu He MoraT aa
ObJaT U3MOJI3BAHH.
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English translation

The research, in which you are participating, investigates on how people restore words
that they do not hear well.

During the test you are going to listen to sentences where in places it is hard to hear
because of noise. After each sentence you will see two words on the screen. Your task
is to pick which of the words was in the sentence you have just heard. The word choices
will be several pairs that will be repeated a number of times with the two words always
in the same order.

To listen to a sentence press the <SPACE> bar.

The word on the left is selected by pressing the left <SHIFT> button, marked with a red
sticker. The word on the right by pressing the right <SHIFT> button, marked with a blue
sticker.

Pressing the <SPACE> bar when you are ready starts the next sentence.

Please try to answer as fast as you can and as best as you can. If you are not sure,
make a guess.

First, you will see the words ‘Here are some examples for practice’ on the screen and
you will try the practice items. The words ‘Do you have questions?’ will appear on the
screen. If the task is not clear, you can ask that it be explained and go through the
practice items again before starting the test.

Then you will see the words ‘Starting the test’ on the screen. When you press the
<SPACE> bar you start the test. Please make sure you are ready before you start the
actual test.

The actual test usually takes around 20 minutes to complete. Once you start, please if
possible complete the test without interrupting. It is important for this research. If you
stop and leave, your answers cannot be used.
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Appendix B-2: Instructions for the sentence repetibn experiments (2a-b)

W3cnenBaneTo, B KOETO Il y4acTBaTe MPOYYBa KaK XopaTa Bb3CTAHOBABAT JyMHU, KOUTO HE ca
qynu go0pe.

ITo BpeMe Ha TecTa 11Ie CiaylIaTe U3pedeHus], B KOUTO Ha MECTa UMa CTpaHWYEH IIyM U He ce
yyBa 100pe. Bamrara 3a1a4a e 1a HOBTOPUTE BCAKO UyTO U3PEUCHUE U3ISIIO MM KOJIKOTO
MO’KETe TO-TOJIsIMa YacT OT HETO.

3a ma yyere u3peueHueTo ce HaTucka kiasum <SPACE>.

Cren xpas Ha BCIKO U3pEUCHME, Ha €KpaHa I1Ie ce MosiBsiBa MUKpodoH. Mo 11a 3anoBate Ja
TOBOPHUTE Bb3MOXKHO Hail-ObP30 IIIOM BUANTE MHUKPOQOHA.

Cnen Toa m3nomnsBaiite <SPACE>3a a npemMuHeTe, KbM CIIEABAIIO U3pEUCHHE.

IIppBO e BUaMTE HA €KpaHa HaANUC "ETo HAKOJIKO NpUMepa 3a ynpaKHeHHe' ' U I111e OIUTaTe
npumepute. Ha expana me ce mosisu Haanuc "Umare Ju Bbnpocu?”. Axo 3amadata Bu e
3aTpyAHWIA, IOUCKaiiTe 1a Bu Ob/1e 00sicHeHa 1 HanpaBeTe MPUMEPUTE OTHOBO IPEAH Ja
3allOYHeTe TeCTa.

ITocne e BuauTe Ha ekpaHa Haanuc "3amousarte Tectal". Kato HatucHere knasum <SPACE>
11€e 3aroyHe TecTa. Moust yBepeTe ce, ue cTe TOTOBU MPEX Aa 3all0YHETE.

Camusr Tect otHema okosio 20 muryTH. Clie/ KaTo 3all0YHETe, aKO € MOXKe HAIlpaBeTe TeCTa JI0
Kpaii. ToBa e BasKHO 3a M3CIeIBaHETO. AKO IPEKpATUTE TeCTa, OTTOBOpUTE Bu He MoraTt nia
ObJaT U3II0I3BAHH.

English translation

The research, in which you are participating, investigates on how people restore words
that they do not hear well.

During the test you are going to listen to sentences where in places it is hard to hear
because of noise. Your task is after listening to each sentence to repeat the whole
sentence or as much of it as you can.

To listen to a sentence press the <SPACE> bar.

After each sentence you will see a microphone sign on the screen. Please start talking
as soon as possible after you see the microphone.

After that press the <SPACE> bar when you are ready starts the next sentence.

First, you will see the words ‘Here are some examples for practice’ on the screen and
you will try the practice items. The words ‘Do you have questions?’ will appear on the
screen. If the task is not clear, you can ask that it be explained and go through the
practice items again before starting the test.
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Then you will see the words ‘Starting the test’ on the screen. When you press the
<SPACE> bar you start the test. Please make sure you are ready before you start the
actual test.

The actual test usually takes around 20 minutes to complete. Once you start, please if
possible complete the test without interrupting. It is important for this research. If you
stop and leave, your answers cannot be used.
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Appendix B-3: Instructions for the sentence shadowig experiments (3a-b)

W3cnenBaneTo, B KOETO Il y4acTBaTe MPOYYBa KaK XopaTa Bb3CTAHOBABAT JyMHU, KOUTO HE ca
qynu go0pe.

ITo Bpeme Ha TecTa 1€ CiIyIIaTe U3PEUYeHNUs, B KOUTO HAa MECTa UMa CTPAaHUYEH LIyM U HeE ce
yyBa 100pe. Bamrara 3a1a4a e 1a Bb3MpoN3BEACTE U3PEUCHUATA OIIE JOKATO TH CIyIIATe MO0
BB3MOKHOCT M3LSJI0 UM B KOJIKOTO MOJKETE MO-TOJIsIMA 4acT.

3a ma yyere u3peueHueTo ce HaTucka kiasum <SPACE>.

C BcsIKO M3peueHue, Ha eKpaHa IIe ce MosABsiBa MUKpOo(hoH. Mo Ja 3armoBare Aa TOBOPUTE
BB3MOKHO Haii-0bp30 oM BUANTE MUKpodoHa. OnuTBaliTe ce Ja MOBTApsATE Ha IJ1ac
M3PEUEHUETO JOKATO ro CIyIIATe ¢ KOJKOTO MOXKeE MO-MaJIKO 3a0aBsiHE U J1a TIOBTOPUTE KOJIKOTO
MOXETE MO-TOJIIMA YacT OT HETO.

Cnen ToBa m3nomnsBaiite <SPACE>3a a npemMuHeTe, KbM CIIEABAIIO U3pEUCHHE.

IIppBO e BUIMTE HAa €KpaHa HaANUC "ETo HAKOJIKO MpuMepa 3a ynpaKHeHHe'" U 111e OIUTaTe
npumepute. Ha expana me ce mosisu Haanuc "Umare Ju Bbnpocu?”. Axo 3agayata Bu e
3aTpyAHWIA, IOUCKaiiTe 1a Bu Obe 00sicHeHa 1 HampaBeTe MPUMEPUTE OTHOBO IPEAH Ja
3allOYHeTe TeCTa.

[Tocne e BuauTe Ha ekpaHa Haanuc "3amousarte Tectal". Kato HatucHere knasum <SPACE>
11€e 3aloyHe TecTa. Moust yBepeTe ce, ue cTe TOTOBU MPEIX Aa 3alI0YHETE.

Camusr Tect otHema okoyio 20 muryTH. Cliej] KaTo 3all0YHETe, aKO € MOXKe HAIlpaBeTe TeCTa JI0
kpaii. ToBa e BasKHO 3a M3CeIBaHETO. AKO IPEKpATUTE TeCTa, OTroBOpUTEe Bu He MoraTt n1a
ObJaT U3II0JI3BAHH.

English translation

The research, in which you are participating, investigates on how people restore words
that they do not hear well.

During the test you are going to listen to sentences where in places it is hard to hear
because of noise. Your task is to reproduce the sentence or as much of it as possible
while you are still listening to it.

To listen to a sentence press the <SPACE> bar.

With each sentence you will see a microphone sign on the screen. Please start talking
as soon as possible after you see the microphone. Try to follow as close as possible the
sentence you are hearing and repeat as much of it as you can.

After that press the <SPACE> bar when you are ready starts the next sentence.

First, you will see the words ‘Here are some examples for practice’ on the screen and
you will try the practice items. The words ‘Do you have questions?’ will appear on the
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screen. If the task is not clear, you can ask that it be explained and go through the
practice items again before starting the test.

Then you will see the words ‘Starting the test’ on the screen. When you press the
<SPACE> bar you start the test. Please make sure you are ready before you start the
actual test.

The actual test usually takes around 20 minutes to complete. Once you start, please if
possible complete the test without interrupting. It is important for this research. If you
stop and leave, your answers cannot be used.
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Appendix B-4: Instructions for the silent reading visual word choice experiments (4a-b)

W3cnenBaneTo, B KOETO Il y4acTBaTe MPOYYBa KaK XopaTa Bb3CTAHOBABAT JyMHU, KOUTO HE ca
BHISTA TOOpe TIPpH YeTEeHe.

ITo Bpeme Ha TecTa 11e YeTeTe Ha eKpaHa U3pEUYeHHs, B KOUTO MO e€Ha AyMa He ce BHKIa
usisuto. Cries BCSIKO M3peUueHUe e BUKIaTe 2 JyMH Ha eKpaHa. Bamara 3aiaya e 1a
OTpeIeTNTE, KOS OT TAX € Ouiia B u3peueHneTo. J[yMmuTe Ha eKkpaHa I11e ¢e MOBTapsT NEPUOTUIHO
Y BUHATH 1€ ca B €MH U CHIII PEI.

3a 1a mpouereTe u3peueHneTo ce Harucka kiaasum <SPACE>.

JIsBara myma ce uzbupa c neBus kinaBum <SHIFT>, Ha koiiTo nMa yepBeHa JIeTICHKA.
Jsicaara qyma ce n3dupa ¢ necHust kinasuml, <SHIFT>, Ha KOiTO MMa CHHS JICTICHKA.
Nznomseaiite <SPACE>3a 1a npeMuHeTe, KbM CIICIBAIIO U3PEUCHHE.

Mouist fa 0TroBapsiTe Bb3MOXKHO Hail-O0bp30 U Bb3MOXKHO Hail-BHUMATEJIHO KaTO n30upare mo
YCET aKo HE CT€ CUTYpPHHU B OTIOBOpA.

IIppBO e BUIMTE HAa eKpaHa HaaANuC "ETo HAKOJIKO MpuMepa 3a ynpaKHeHHe' U 111 ONUTaTe
npumepute. Ha expana me ce mosisu Haanuc "Umare Ju Bbnpocu?”. Axo 3amadata Bu e
3aTpyAHWIA, IOUCKaiiTe 1a Bu Obie 00sicHeHa 1 HalpaBeTe MPUMEPUTE OTHOBO IPEAH Ja
3allOYHeTe TeCTa.

ITocne e BuauTe Ha ekpaHa Haanuc "3amousarte Tectal". Kato HatucHere knasum <SPACE>
11€e 3aroyHe TecTa. Moust yBepeTe ce, ue cTe TOTOBU MPEAX Aa 3all0YHETE.

Camusr Tect otHema okosio 20 muryTH. Clie]] KaTo 3all0YHETe, aKO € MOXKe HaIllpaBeTe TecTa JI0
Kkpaii. ToBa e BasKHO 3a M3CIeIBaHEeTO. AKO IPEKPATUTE TeCTa, OTrOBOpUTEe Bu He Morat n1a
ObJaT U3II0I3BAHH.

English translation

The research, in which you are participating, investigates on how people restore words
that they do not hear well.

During the test you are going to read on the screen sentences in which one of the words
cannot be seen entirely. After each sentence you will see two words on the screen.
Your task is to pick which of the words was in the sentence you have just heard. The
word choices will be several pairs that will be repeated a number of times with the two
words always in the same order.

To see a sentence to read press the <SPACE> bar.

The word on the left is selected by pressing the left <SHIFT> button, marked with a red
sticker. The word on the right by pressing the right <SHIFT> button, marked with a blue
sticker.

Pressing the <SPACE> bar when you are ready starts the next sentence.
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Please try to answer as fast as you can and as best as you can. If you are not sure,
make a guess.

First, you will see the words ‘Here are some examples for practice’ on the screen and
you will try the practice items. The words ‘Do you have questions?’ will appear on the
screen. If the task is not clear, you can ask that it be explained and go through the
practice items again before starting the test.

Then you will see the words ‘Starting the test’ on the screen. When you press the
<SPACE> bar you start the test. Please make sure you are ready before you start the
actual test.

The actual test usually takes around 20 minutes to complete. Once you start, please if
possible complete the test without interrupting. It is important for this research. If you
stop and leave, your answers cannot be used.

Appendix B-5: Instructions for the silent reading with repetition experiments (5a-b)

W3cnenaBaneTo, B KOETO Il y4acTBaTe MPOYYBa KaK XopaTa Bb3CTAHOBABAT JyMHU, KOUTO HE ca
BHJISTA TOOpe TIPH YeTeHe.

ITo Bpeme Ha TecTa 11e YeTeTe Ha eKpaHa U3pEUYeHHs, B KOUTO 1O €Ha JyMa He ce BHKIa
u31sU10. Baiara 3a1aya e 1a Bb3Mpou3BeIeTE Ha TJ1aC BCAKO U3PEUYCHHE 110 Bb3MOXKHOCT U3IISUIIO0
TN KOJIKOTO MOKETE I0-TOIsIMAa Y4acT OT HETO.

3a ma mpouereTe U3peueHrneTo ce Hatucka kiapuim <SPACE>.

Cren xpas Ha BCIKO U3pEUCHME, HAa €KpaHa I1Ie ce MosiBsiBa MUKpodoH. Mo 11a 3anoBate J1a
OTTOBapsTE Bb3MOXKHO Haii-ObpP30 IIIOM BHANTE MUKPOOHA.

Cren Toa m3nomnsBaiite <SPACE>3a a npemMuHeTe, KbM CIIEABAIIO U3pEUCHHE.

IIppBO e BUIMTE HA €KpaHa HaANUC "ETo HAKOJIKO MpuMepa 3a ynpaKHeHHe' ' U 111 ONUTaTe
npumepute. Ha expana me ce mosisu Haanuc "Umare Ju Bbnpocu?”. Axo 3agayata Bu e
3aTpy/AHWIA, IOUCKaiiTe 1a Bu Obie 00sicHeHa 1 HanpaBeTe MPUMEPUTE OTHOBO IPEAH Ja
3allOYHeTe TeCTa.

[Tocne me BunuTe Ha ekpana Haanuc "3amouBarte Tecta!”. Karo Hatucuere knaBum <SPACE>
11e 3arno4yHe Tecta. Moust yBeperTe ce, ue CTe TOTOBU IPEIU Ja 3aloYHeTe.

Camusr Tect otHema okosio 20 muryTH. Clie KaTo 3all0YHeTe, aKO € MOKe HalpaBeTe TECTa 110
Kkpaii. ToBa € BayKHO 3a U3CiIeABaHETO. AKO MPEKpPAaTUTE TeCTa, OTTOBOpuTe Bu HEe MoraT na

OBbJAaT U3IOJI3BAHU.

English translation
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The research, in which you are participating, investigates on how people restore words
that they do not hear well.

During the test you are going to read on the screen sentences in which one of the words
cannot be seen entirely. After each sentence you will see
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Appendix C: Language background

NHOOPMAIUA 3A E3UIU, KOUTO BJIAJESA

Kom#: ..........
HWudopmanusiTa OT IMYHO €CTECTBO B TO3U BBIIPOCHUK HsAMA Jia Objie pasriacsBaHa.
Bs3pacr............ IMom: [ wmex [ keHa
I'paz Ha PAKIAHE: ....ccevvvvvviiieeeeeeeeiiiinnn [Mpodecnst: ......ovvvvvvnnnnnns

Ponnusar Bu e3uk Obyirapcku i e?  Jla  He
Axo OBATapCcKU HE € pOAHUAT BH e31K, Ha KakBa Bb3pacT 3all0YHAXTE J1a TO yIuTe?.....

KakbB e3uk (e3u1n) ce roBopr B 1oMa BU? .......coooviiiiiiiiiiiinn,
KakbB e3uk (e3uin) roBopr Maika BH? ..........cccovviiiiiiiiiiinnnnn,

KakbB e3uk (e3unn) roBopu 0amma Bu? ...,

Wma ym npyr e3uk (e3uiin) KOMTOo Ja u3non3sare penosHo? Jla  He

AKO /12, MOJISI TIOCOUETE KOM €3UK (C3HIIH) ... v .vvvnetene et ventaeaneeannenaneeneneneneaes

MoskeTe 11 1a 9eTeTe WM THIIeTe Ha IPYT €3WK, MaKap 0 MIPHUHIIMII J1a He TOBOpUTe Ha Hero? [la
He

AKO /13, MOJISI TIOCOUETE KOM €3UK (C3HIIH) ... v .vvveneteneaaeventeeaneeanienaneenenenenees

Cay4BaJio Jiv ce € Jia mpekapaTe IMoBeyve OT J[Ba MeCella B Cpejia KbAETO OBJITapCKHUT HE € OCHOBEH
e3uk? Jla He

AKO 112, KBJIE B 32 KOJTKO BPEME? v ttuittetenienaenaen seaeeeteeneene e e enens

B’bﬂrapCKI/IﬂT JIN € OCHOBHHUS €3UK B O6p3.30BaHI/ICTO Bu? Ako HE, MOJISI TOCOYETEC OCHOBHUS €3UK.

Hauanuno/OcHOBHO yuminie: aa HE apyr (IOCOYETe) ... ..........

I'imuazms: na HE apyr (IOCOYETe) ... ..........

Bucrire o6pasyBanue: na HE APYT (MMOCOYUETE) .ovvvvvnenn.

Cren Buciie o0pa3oBaHuE: na HE APYT (MMOCOYUETE) .ovvvvvnenns
C nscHara i JsiBaTa pbka numete? [ mscHaTa ] nsaBara

Nmate nmu (KpbBEH) POACTBEHHK, KOMTO J1a MHUIIIE ¢ JisiBaTa pbka? (MoJs mocodere)

Bbuaaronaps Bu 3a cbaeiicTBueTo!
Axko xenaere, MoJIst 100aBeTe Mo-10Ty APYrd PaKTh CBBP3aHU C €3MKa, KOUTO CUMTATE 33 BAYKHH.
English translation
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LANGUAGE BACKGROUND INFORMATION

Code No.: ..........
All personal information you will provide is confdtial.
Age:........... Sex: [ male []female
City/Country of origin: .........cccooeiiiiiiiinnnn. Occupation: .........ccovevvneee.

Is English your native (first-learned) language?es No
If English is_notyour native language, at what age did you stagam English?.....

What language(s) do you usually speak at home? .........................
What language(s) does your mother speak? ................cvummunnes

What language(s) does your father speak?

Are there any other languages that you use reg@lales No

If so, please specify which language(S) .......ocooeii i

Can you read or write any other language, thoughdan’'t normally speak it? Yes No

If so, please specify which language(S) ......covviviiiiiiiei e e e

Have you ever spent any time longer than two malinthrg) in an environment where English is not
the majority language? Yes No

If so, where, when and for how 1ong? ... e

Has English has been the mé&nguage for your education? If not, please $pélce main
language:

Elementary school:  yes no Other (please specify).......

High school: yes no Other (please specify) .............
College: yes no Other (please specify) .............
Graduate school: yes no Other (please specify) .........

Are you right-handed or left-handed? right-handed/ left-handed
Do you have any left-handed blood relatives (bicdally related to you)? (Please list them)

Thank you for your cooperation!
Please feel free to write beneath here if you laane
further language background facts you wish to add.
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