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Abstract

The role of prosody in sentence processing has received
little attention in L2 spoken-language comprehension research,
and  studies  of  prosodic  disambiguation  of  PP-attachment
ambiguity by L2 learners are rare. We investigated the effects
of prosody (accompanied by visual context from the pictures)
on PP-attachment  ambiguity resolution by native Australian
English  speakers  and  Chinese-speaking  learners  of  English,
comparing  their  attachment  preferences  to  examine  L1-L2
sentence processing differences. Our results show that prosody
can guide both native speakers and L2 learners towards the
resolution of sentence-level ambiguity. However, the observed
effects varied. For native speakers, prosody overrode bias for
the NP-attachment induced by the visual context; L2 learners
in  contrast  showed  a  preference  for  the  VP-attachment
independent  of  prosodic  cues,  indicating  that  they  did  not
detect  the  ambiguity  within  the  structure  from  the  visual
context and that it is difficult for them to effectively integrate
different  domains  of  information  in  ambiguity  resolution.
These  L1-L2  differences  might  reflect  L2  learners’  limited
processing  capacity  for  detecting  ambiguity  and  integrating
multiple  domains  of  information  during  L2  sentence
processing.

Index Terms: PP-attachment ambiguity, prosody, syntax, L2
learners, sentence processing

1. Introduction

Prosodic cues (e.g., prosodic boundary) have been shown to
guide listeners to resolve the structural ambiguity at the initial
stage of sentence processing and override their parsing bias
[1,  2].  Moreover,  native  speakers  can  effectively  integrate
prosodic  information  and  other  domains  of  information  to
resolve the ambiguity [3, 4, 5, 6, 7, 8]. In comparison to the
multitude of research on native language (L1), not much work
has investigated the effects of prosody on the second language
(L2) learners’ spoken language comprehension, especially in
the  presence  of  visual  context,  and  no  consensus  has  been
reached with regard to how L2 learners make use of prosodic
information in sentence processing. 

Previous studies have reported that although L2 learners
were able to access multiple types of information in sentence
processing,  such as lexical [9], semantic [10],  prosodic [11,
12,  13],  and  visual  context  information  [4,  6],  they  were
slower and less accurate [14, 15, 16, 17, 13]. L2 learners have
been reported to use prosodic information to resolve globally
ambiguous sentences [18], but they might rely more heavily

on  prosodic  rather  than  syntactic  information,  particularly
when  interpreting  ambiguous  sentences  with  conflicting
prosodic  and  syntactic  cues  [11].  There  is  also  evidence
showing that L2 learners experienced difficulty in integrating
prosodic information and other domains of information,  and
they  were  less  able  to  integrate  multiple  domains  of
information during on-line sentence processing compared to
native speakers  [14,  19,  4,  6,  17].  In addition,  L2 learners’
sentence processing was affected by the ambiguity structure
and task demands as well. Those who could perceive prosodic
cues  might  not  be  able  to  effectively  integrate  prosodic
information  with  other  types  of  information  in  complex
structures  [20],  and  the  degree  to  which  L2  processing
converges to the native depends on the complexity of the task
[12].

To  account  for  the  existing  differences  between  native
speakers  and L2 learners,  the Shallow Structure  Hypothesis
(SSH) proposes that L2 learners’ parsing is ‘shallower’ than
that of native speakers in that it is more likely to be affected
by  lexical,  semantic,  and  discourse  context  information,
whereas  that  of  the  native  speakers’  is  more  syntactically
driven [21, 22, 23, 24, 25]. The Interface Hypothesis suggests
that  L2  learners  have  difficulty  when  sentence  processing
involves  an interface between syntax  and other  domains of
information [26]. L2 learners’ processing has been shown to
be  less  efficient  when  syntactic  information  needs  to  be
integrated and coordinated with other domains of information,
such  as  contextual  discourse-pragmatic  information.  The
present  study aims to  investigate  whether  Chinese adult  L2
learners  could  utilize  prosodic  information  to  resolve  PP-
attachment ambiguity accompanied with visual context, and to
delve into the differences in prosodic disambiguation by L2
learners and native speakers.

2. Method

The present study involved both reading (Task 1) and listening
tasks (Task 2).  As Chinese-speaking learners of English tend
to learn American English since primary school,  the stimuli
for the L2 learners were recorded by a female native English
speaker  from America,  and  for  the  L1  by  a  female  native
English speaker from Australia. Both of the native speakers
were  phonetically  trained  to  disambiguate  these  ambiguous
sentences with pause.

2.1. Participants

The participants were divided across the experimental group
(L2)  and  the  control  group  (L1).  Thirty  adult  Chinese-
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speaking  learners  of  English  and  thirty  native  speakers  of
Australian  English  were  recruited.  The  L2  learners  were
second-year university students, and they learned English as a
foreign  language  in  Shanghai,  China  (mean  age  =19.367,
range 19-22). All of them had passed CET-4 (College English
Test Band 4)  when they participated in the experiments, but
none  of  them had  studied  English  in  any  English-speaking
country,  or  majored  in  English.  The  native  speakers  of
Australian  English  were  students  at  universities  in  Sydney,
Australia (mean age = 23.667, range 19-36). No participants
reported any speaking or hearing disorders.

2.2. Materials and design

Sixteen pairs of sentences with double prepositional phrases
(PP-attachment  ambiguity)  were  created  based  on  previous
studies [27, 28]. For instance, in Put the dog in the basket on
the mat, the first prepositional phrase (PP1) in the basket can
be attached to the verb phrase put (VP) (high VP-attachment)
or  the  noun  phrase  the  dog  (NP)  (low  NP-attachment)  to
respectively mean Put the dog in the basket that is on the mat
or Put the dog that is in the basket on the mat. In both tasks,
each  sentence  was  accompanied  with  two  pictures  so  that
participants could give their answers for their interpretation.
Sixty-four additional filler items with a variety of structures
but no ambiguity were also created based on the picture of the
target sentences.

The same set of pictures was employed in both tasks for
the target sentences. Each picture was composed of a set of
objects, e.g. in the above sample sentence, object to be moved
(dog), object as a modifier or goal (basket and mat), and an
arrow indicating which object  to  move and where to  move
[28], in that the ambiguity within the picture supports both the
VP- and NP-attachment of the sentence.  This allowed us to
present  each  pair  of  ambiguous  sentences  with  the  same
picture display, and to exclude the effects of other cues in the
listening task.

In task 1, the sentences were presented to participants in
written text (see Figure 1 for the sample picture). All the target
sentences had the same structure as the sample. In task 2, the
sentences were presented to participants through headphones
along with pictures on the screen. The pictures presented in
Task 2 were the same as those in Task 1 except that no text
was provided above the pictures and only two options (A and
B) were available. Participants were asked to listen carefully
to the utterances and to choose a picture that best interpreted
its meaning.

The  recording  of  the  stimuli  was  performed  in  the
professional  recording  studio.  In  total,  thirty-two  target
utterances and sixty-four fillers were produced, and digitized
at 44 kHz with 16-bit resolution into a computer. Because the
speakers  were trained to  disambiguate  these  sentences with
pause and duration, and duration pattern has been shown to
play  a  greater  role  in  the  interpretation  of  structurally
ambiguous  strings  and  its  effects  on  language  users’
interpretation  of  the  ambiguity  have  been  identified  in  the
absence of pitch variation [29, 30]; thus, durations of pause
and pre-boundary word were extracted and analysed. The data
extraction was performed with a Praat script ProsodyPro [31].
Since each sentence has different numbers of words and might
be  produced  with  different  speech  rates,  the  duration  ratio
instead of the absolute value was thus obtained by dividing the
duration of the word from that of the entire utterance. All the

sentences were regarded as a single structure for the VP- and
NP-attachment  respectively.  For  each  interpretation,  the
duration ratio of each word was then averaged across the same
component in all the target utterances. 

Figure 1: Picture display in Task 1.

Figure 2: Time course of the target sentence.

As  indicated  in  Figure  2,  both  American  (AM)  and
Australian (AU) native English speakers employed the same
prosodic  cues  to  mark  prosodic  phrasing.  They  inserted  a
pause (P1)  immediately after  N1 and lengthened N1 in the
VP-attachment. Meanwhile, a lengthening was also observed
on N2 in the NP-attachment. Statistical analyses by means of
Linear Mixed model fit  by REML were implemented using
‘lmer’ function in the lme4 package in R [32]. Results showed
that  N1  in  Australian  English  speaker’s  speech  was
significantly longer in VP-attachment than its correspondent in
NP-attachment (ß = -.074, t = -11.99, p < .001), and N2 in NP-
attachment was significantly longer than its correspondent in
VP-attachment  (ß  =  .059,  t  =  12.19,  p <  .001).  American
English  speaker  employed  the  same  prosodic  features  by
significantly lengthening N1 in VP-attachment (ß = .059, t = -
9.208,  p <  .001),  and N2 in NP-attachment  (ß = .045,  t  =
6.115, p < .001).

2.3. Procedure

Task 1 and Task 2 were administered on a laptop via E-prime
(2.0), lasting about thirty minutes in total.  The stimuli were
presented to participants via slides on the screen in Task 1,
and via a set of headphones in Task 2. Task 1 and Task 2 were
conducted in two sessions, and in two blocks for Task 2 to
avoid the participants’ fatigue. In each block of Task 2, only
one member of each pair appeared with a mixed assignment of
half  VP-attachment and half NP-attachment.  The target and
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filler items appeared in a pseudo-random order, with at least
one  filler  item being  inserted  between  two target  items,  in
order to discourage response strategies. 

Participants were tested individually in a quiet room. They
were seated comfortably in front of the computer monitor. At
the  beginning  of  the  experiment,  the  experimenter  showed
participants the objects that would appear in the pictures and
their English names on the slides, familiarizing them with the
materials.  Each  session  began  with  a  short  practice  block
containing six sentences to get participants familiarized with
the experimental paradigm. In the initial familiarization phase,
the experimenter explained the procedure to the participants
orally but provided no cues to the ambiguity. 

2.3.1. Task 1

In Task 1, participants were asked to read the sentences on the
screen and to select the picture or pictures that matched the
candidate  meaning of  the sentences.  Before each trial,  they
would see a red fixation (i.e. “+”) in the middle of the screen
which  would  last  300  ms.  Then  they  would  see  a  slide  as
shown  in  Figure  1.  Participants  were  asked  to  pay  careful
attention to the meaning of each sentence and the differences
between the two pictures and to give their answers after they
understood the sentence by pressing the corresponding button
on the keyboard. The participants’ responses were recorded.
This  task  also  familiarized  participants  with  the  testing
materials in the listening task.

2.3.2. Task 2

In Task 2, the participants’ task was to choose the picture that
best  interpreted the intended meaning of  the utterances that
they  heard  through  headphones,  but  only  A  and  B  were
provided,  indicating  that  only  one  picture  could  match  the
meaning of the utterance because the disambiguating prosody
was provided. None of them received any explicit instructions
on  how to  disambiguate  the  sentences.  The  slides  and  the
sound stimuli  appeared at  the same time.  The sounds were
played  only  once,  while  the  picture  would  remain  on  the
screen until a response was made. There was no time limit for
participants  to  respond.  The  participants’  responses  were
recorded.

3. Data analysis

Participants’ responses to the practice trials were not included
in data analysis. In total, 480 responses (30 participants * 16
sentences) in Task 1 and 960 responses (30 participants * 2
conditions * 16 sentences) in Task 2 were collected from each
group. Analyses and comparisons of the mean accuracy score
were made between the VP- and NP-attachment and between
the  L1  and  L2  groups.  Statistical  analyses  were  conducted
using  R  with  logistic  mixed-effects  models  of  regression
probability  [32],  treating  the  choice  of  interpretation  as  a
binomial variable because it is discontinuous. An alpha level
of  .05  was  adopted  throughout.  For  each  measure,
participants’ accuracy score was set as a fixed effect, with the
correct answer coding as 1, and the incorrect answer coding as
0.  Condition  and  group  were  set  as  fixed  predictors
respectively, and participants and items were simultaneously
set as random effects because both of them were selected from
large populations. 

4. Results

Participants’  decisions  for  each  choice  in  Task  1  are
summarized in  Figure 3.  It  can be observed that  for  native
speakers,  51.7%  of  the  target  sentences  were  ambiguous,
25.2% were VP-attachment in which PP1 was interpreted as
the goal of the verb,  and 23.1% were NP-attachment where
PP1 was the modifier of NP. For L2 learners, 54.8% of the
target  sentences  were  VP-attachment,  18.8%  were  NP-
attachment,  and only 25.2% were ambiguous.  This suggests
that in the reading task, most of the native speakers treated the
sentences  as  ambiguous,  and  their  preference  for  one
interpretation over the other was not robust. In contrast, most
of  the  L2  learners  were  not  aware  of  the  ambiguity  and
preferred the VP-attachment.

Figure 3: Mean score (%) of L1 and L2 readers’ preference for
each interpretation of the ambiguous sentences in Task 1.

Two observations can be made in  Task 2,  as  shown in
Figure 4. First, native speakers had a higher accuracy rate for
the NP-attachment (80.2%) than the VP-attachment (74.9%),
whereas L2 learners showed a higher accuracy rate for the VP-
attachment (78.1%) than the NP-attachment (60.8%). Second,
native speakers performed better (77.55%) than L2 learners
(69.45%)  averagely.  The  results  indicated  that  both  native
speakers and L2 listeners employed prosodic cues to resolve
the ambiguous sentences, yet the effects of prosody varied.

Figure 4: Mean accuracy score (%) for each interpretation by
L1 and L2 listeners in Task 2.

To further examine the differences in  accuracy score in
Task 2 between each interpretation, statistical analyses were
conducted by means of the Generalized Linear Mixed model
implemented  using  ‘glmer’  (binomial  family:  correct  vs.
incorrect) function in the lme4 package in R (Version 1.1.463)
[32]. The dependent variable was response: correct (coded as
1)  or  incorrect  (coded  as  0),  fixed  effects  were  group
(categorical  predictor:  L1 coded as  1 and L2 coded as  -1),
condition  (categorical  predictor,  VP-attachment  coded  as  1
and NP-attachment  as -1),  and the interaction of  group and
condition.  Participants  and  items  were  random  intercepts.
With the deviation coding of two-level categorical factors (i.e.,
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coded as 1 and -1), the reference for categorical data was set to
the overall mean, the coefficient of each individual category
was  calculated  compared  to  the  overall  effect  of  the
categorical variable, and the grand mean was mapped onto the
intercept,  allowing  us  to  test  the  main  effects  of  these
predictors. The results are given in Table 1.

Table 1: Generalized Linear Mixed model for accuracy score.

Task Fixed effects Estimate SE z-value Pr (>|z|)

Task 2

Intercept 1.175 .117 10.016 .000

Group .229 .104 2.198 .028 

Condition .142 .075 1.889 .059

Group*Condition -.310 .055 -5.595 .000

Significant main effects of group, the interaction between
group and condition, and a marginally significant main effect
of condition were revealed. The significant main effect of the
group indicates a significantly higher accuracy rate by the L1
listeners than that by the L2 listeners. The interaction between
group and condition suggests that L1 listeners showed lower
accuracy  rate  in  the  VP-attachment,  but  higher  in  the  NP-
attachment,  and  the  difference  between  the  VP-  and  NP-
attachment by L2 listeners was larger than that by L1 listeners.

Given  the  significant  interaction  effects  in  the  previous
model, Tukey post-hoc comparisons using lsmeans function in
R  were  conducted  to  compare  the  accuracy  score  in  each
condition  within  and  across  each  group  [33].  Results  were
given  on  the  log  odds  ratio  scale.  Table  2  summarizes  the
results:  L2  listeners  showed a  significantly higher  accuracy
score  in  the  VP-attachment  than  in  the  NP-attachment.
However, L1 listeners did not show a significantly different
accuracy score between the NP- and VP-attachment.

Table 2: Summary of post-hoc pairwise comparisons.

In summary, different processing patterns between the L1
and  L2  groups  are  observed.  L1  listeners  showed  a  lower
accuracy rate in the VP- than in the NP-attachment, indicating
their difficulty in analysing the VP-attachment. In contrast, a
significantly higher accuracy rate in the VP- than in the NP-
attachment  was  observed  among  the  L2  listeners,  showing
their  parsing  preference  for  the  VP-attachment.  The  results
indicated  that  both  L1  and  L2  listeners  could  attend  to
prosodic cues in resolving sentence-level ambiguity, but the
effects of prosody varied between these two groups.

5. Discussion & Conclusion

This study investigated the effects of prosody (accompanied
with  the  visual  context)  on  PP-attachment  ambiguity
resolution by Chinese L2 English learners and compared their
attachment  preference  with  those  of  native  speakers.  The
results revealed that, in the absence of prosodic information,
some of the L1 group detected the ambiguity with implications
from the  visual  context  on the screen,  and  did  not  show a

preference  for  the  VP-  or  NP-attachment.  Whereas,  the  L2
group preferred the VP- over the NP-attachment,  indicating
their failure to detect the ambiguity within the structure from
the  visual  context.  When  disambiguating  prosody  was
provided,  both groups could employ prosodic cues to guide
their  sentence  parsing.  Native  speakers  effectively
distinguished  the  alternative  meaning  of  the  ambiguous
sentence. However, L2 learners still showed a preference for
the VP-attachment as in the listening task. The result stands in
contrast  with  previous  studies  which  predicted  that  native
English speakers preferred the VP-attachment in reading tasks
[34, 23]. This difference appeared to be evoked by the visual
context information from the pictures. On the one hand, the
pictures provided alternative interpretations of the ambiguous
sentences. On the other, the object display in the picture might
introduce a parsing bias towards the NP-attachment [27]. L2
learners’ preference for the VP-attachment, however, suggests
that they did not detect the ambiguity from the pictures, and
their  interpretation seems to be constrained by the Minimal
Attachment  principle [35].  The L2 learners’  non-native like
sentence  parsing  strategy  may  result  from  the  structural
asymmetry  of  PP-attachment  ambiguity  in  English  and
Chinese,  which constrains  their  awareness  of  the ambiguity
within  the structure.  Therefore,  they tended  to interpret  the
sentences  in  a  ‘good-enough’  approach  (i.e.  structure-based
strategy) to avoid a deeper reanalysis of the sentences which
requires  more  cognitive  resources  [36].  Another  account  to
explain L2 learners’ performance is that they had difficulty in
integrating  different  domains  of  information  to  revise  their
initial  misanalysis,  as  has  been  predicted  by  the  Interface
Hypothesis [26].

This finding is inconsistent with the previous finding that
both contextual and prosodic cues were robust in constraining
the L2 learners’ parsing strategy,  and the contextual  effects
appeared  more  robust  [23,  24,  13].  The  discrepancy  might
come from the  processing  which  requires  an  integration  of
prosodic, syntactic, and visual context information, or the type
of contextual information in our study that was provided in the
pictures  instead  of  the  discourse.  It  is  thus  suggested  that
unlike native speakers,  L2 learners in our experiment could
not effectively integrate prosodic, syntactic, and visual context
information  in  resolving  sentence-level  ambiguity,  as  has
previously been suggested by [20, 4, 6]. Therefore, L2 learners
appeared  to  rely  more  on  the  structure-based  parsing
principles. 

The results in the present study suggest that the observed
differences  in  sentence  processing  between  native  speakers
and L2 learners tend to result from the L2 learners’ lack of
ambiguity  awareness  and  their  limited  ability  to  integrate
multiple domains of information in L2 sentence processing.
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Task Contrast Estimate SE z-ratio p-value

Task 2

L1VP-L1NP -.334 -.192 -1.745 .300

L1VP-L2VP -.161 .237 -.681 .904

L2VP-L2NP .904 .182 4.961 <.0001

L1NP-L2NP 1.077 .235 4.588 <.0001

662



7. References
[1] J.  Snedeker  and  J.  Trueswell,  “Using  prosody  to  avoid

ambiguity:  Effects  of  speaker  awareness  and  referential
context,”  Journal of Memory and Language,  vol. 48, no. 1, pp.
103–130, 2003.

[2] K.  Steinhauer, K. Alter and A. D. Friederici, “Brain potentials
indicate  immediate  use  of  prosodic  cues  in  natural  speech
processing,”  Nature Neuroscience,  vol.  2,  no. 2,  pp. 191–196,
1999.

[3] E. M. Fernández and I. A. Sekerina, “The interplay of visual and
prosodic  information  in  the  attachment  preferences  of
semantically shallow relative clauses,” In E. M. Fernández & I.
A. Sekerina (Eds.),  Explicit  and Implicit  Prosody in Sentence
Processing:  Studies in Honor of  Janet  Dean Fodor,  pp. 241–
261. Springer International Publishing, 2015. 

[4] C. Nakamura, M. Arai & R. Mazuka, “Immediate use of prosody
and context in predicting a syntactic structure,”  Cognition,  vol.
125, no. 2, pp. 317–323, 2012.

[5] C. Nakamura, M. Arai, Y. Hirose and S. Flynn, “Prosody helps
L1 speakers but confuses L2 learners: Influence of L+H* pitch
accent  on  referential  ambiguity  resolution,”  Proceedings  of
Speech Prosody, pp. 577–581, 2016. 

[6] C. Nakamura, M. Arai, Y. Hirose and S. Flynn, “An extra cue is
beneficial for native speakers but can be disruptive for second
language learners: Integration of prosody and visual context in
syntactic  ambiguity  resolution,”  Frontiers  in  Psychology,  vol.
10, pp. 1–14, 2020. 

[7] P. Zhou, S. Crain and L. Zhan, “Sometimes children are as good
as adults:  The pragmatic  use  of  prosody in children’s  on-line
sentence  processing,”  Journal  of  Memory and Language,  vol.
67, no. 1, pp. 149–164, 2012.

[8] S.  R.  Speer,  P.  Warren  and  A.  J.  Schafer,  “Situationally
independent prosodic phrasing,” Laboratory Phonology, pp. 35-
98, 2011. 

[9] C.  Soares and F. Grosjean, “Bilinguals in a monolingual and a
bilingual speech mode: The effect on lexical access,” Memory &
Cognition, vol. 12, no. 4, pp. 380–386, 1984.

[10] L. Roberts and C. Felser, “Plausibility and recovery from garden
paths  in  second  language  sentence  processing,”  Applied
Psycholinguistics, vol. 32, no. 2, pp. 299–331, 2011. 

[11] B. Harley, J. Howard and D. Hart, “Second language processing
at  different  ages:  Do  younger  learners  pay  more  attention  to
prosodic cues to sentence structure?”  Language Learning,  vol.
45, no. 1, pp. 43–71, 1995. 

[12] M.  Perdomo and E. Kaan, “Prosodic cues in second-language
speech processing: A visual world eye-tracking study,”  Second
Language Research, pp. 1-27, 2019. 

[13] H.  G.  Ying,  “Multiple  constraints  on  processing  ambiguous
sentences:  Evidence  from  adult  L2  learners,”  Language
Learning, vol. 46, no. 4, pp. 681–711, 1996. 

[14] C.  Contemori,  L. Pozzan, P. Galinsky and P. Dussias,  “When
actions and looks don’t line up: The contribution of referential
and prosodic information in the processing of PP ambiguities in
child-L2  speakers  of  English,”  Linguistic  Approaches  to
Bilingualism, pp. 1–34, 2018. 

[15] C.  Frenck-Mestre and J. Pynte, “Syntactic ambiguity resolution
while reading in second and native languages,”  The Quarterly
Journal  of  Experimental  Psychology,  vol.  50, no. 1,  pp. 119–
148, 1997. 

[16] A.  Juffs, “Main verb versus reduced relative clause ambiguity
resolution in L2 sentence processing,” Language Learning, vol.
48, no. 1, pp. 107–147, 1998. 

[17] L. Pozzan and J. C. Trueswell, “Second language processing and
revision  of  garden-path  sentences:  A  visual  world  study,”
Bilingualism: Language and Cognition, vol. 19, no. 3, pp. 636–
643, 2016. 

[18] L. Dekydtspotter, B. Donaldson, A. C. Edmonds, A. L. Fultz and
R.  A.  Petrush,  “Syntactic  and  prosodic  computations  in  the
resolution of relative clause attachment ambiguity by English-
French learners,”  Studies in Second Language Acquisition, vol.
30, no. 4, pp. 453–480, 2008.

[19] A. Lee, M. Perdomo and E. Kaan, “Native and second-language
processing of contrastive pitch accent: An ERP study,”  Second
Language Research, pp. 1–25, 2019. 

[20] A. L. Fultz, “The use of prosody for disambiguation in English-
French interlanguage,” In R. Slabakova (Ed.),  Proceedings of
the 9th Generative Approaches to Second Language Acquisition
Conference, pp. 130–139, 2007.

[21] H. Clahsen and C. Felser, “Grammatical processing in language
learners,”  Applied PsychoLinguistics, vol.  27, no. 1, pp. 3–42,
2006. 

[22] H.  Clahsen  and  C.  Felser,  “How  native-like  is  non-native
language processing?” Trends in Cognitive Sciences, vol. 10, no.
12, pp. 564–570, 2006. 

[23] H.  Y.  Pan  and  C.  Felser,  “Referential  context  effects  in  L2
ambiguity  resolution:  Evidence  from  self-paced  reading,”
Lingua, vol. 121, no. 2, pp. 221–236, 2011. 

[24] H. Y. Pan, S. Schimke and C. Felser, “Referential context effects
in  non-native  relative  clause  ambiguity  resolution,”
International Journal of Bilingualism, vol. 19, no. 3, pp. 298–
313, 2015. 

[25] D.  Papadopoulou,  “Reading-time  studies  of  second  language
ambiguity resolution,”  Second Language Research, vol. 21, no.
2, pp. 98–120, 2005.

[26] A. Sorace and L. Serratrice, “Internal and external interfaces in
bilingual  language  development:  Beyond  structural  overlap,”
International Journal of Bilingualism,  vol. 13, no. 2, pp. 195–
210, 2009.

[27] M. K. Tanenhaus, M. J. Spivey-Knowlton, K. M. Eberhard and
J. C. Sedivy, “Integration of visual and linguistic information in
spoken language comprehension,”  Science, vol. 268, no. 5217,
pp. 1632–1634, 1995. 

[28] T.  Kraljic  and  S.  E.  Brennan,  “Prosodic  disambiguation  of
syntactic  structure:  For  the  speaker  or  for  the  addressee?”
Cognitive Psychology, vol. 50, no. 2, pp. 194–231, 2005. 

[29] I.  Lehiste,  “Phonetic  disambiguation  of  syntactic  ambiguity,”
The Journal of the Acoustical Society of America, vol. 53, no. 1,
pp. 380–380, 1973. 

[30] A. Lee, M. Perdomo and E. Kaan, “Native and second-language
processing of contrastive pitch accent: An ERP study,”  Second
Language Research, pp. 1–25, 2019. 

[31] Y. Xu, “ProsodyPro - A tool for large-scale systematic prosody
analysis,” Proc. Tools Resour. Anal. Speech Prosody, pp. 7–10,
2013. 

[32] D.  Bates, M. Mächler, B. Bolker and S. Walker, “Fitting linear
mixed-effects models using lme4,” 2014. 

[33] R. V.  Lenth, “Emmeans: Estimated marginal means, aka least‐
squares  means.  R  package  version  1.1.,”  https://cran.r-
project.org/web/packages/emmeans/index.html, 2018. 

[34] M.  A.  Britt,  “The  interaction  of  referential  ambiguity  and
argument  structure  in  the  parsing  of  prepositional  phrases,”
Journal of Memory and Language, vol.  33, no. 2, pp. 251–283,
1994. 

[35] L.  Frazier and J. D. Fodor, “The sausage machine: A new two
stage  parsing  model,”  Cognition,  vol.  6,  no.  4,  pp.  291–325,
1978.

[36] F.  Ferreira,  K.  G.  Bailey  and  V.  Ferraro,  “Good-enough
representations in language comprehension,” Current Directions
in Psychological Science, vol. 11, no. 1, pp. 11–15, 2002. 

663


