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Abstract

In this study, a game-based production experiment was
adopted to examine the prosodic realization of syntactically
ambiguous sentences by Chinese learners of English as a
foreign language (EFL hereafter). 20 Chinese undergraduates
and 10 native speakers of American English participated in
this experiment. Subjects followed the guides in pictures and
instructed listeners to move objects on the computer screen by
using the critical instructions with prepositional attachment
sentences (PP-attachment hereafter). In all, 10 pairs of
ambiguous PP-attachment sentences that might refer to one
situation or another were adopted. It was found that both the
native speakers and Chinese EFL learners used pre-boundary
lengthening and pause to distinguish the alternative meanings
of the ambiguous PP-attachment sentences. While native
speakers also showed domain-initial strengthening which may
be related to the length of previous phrase, and greater pre-
boundary lengthening and longer pause than the learners. In
addition, native speakers displayed pitch reset at the prosodic
boundary, indicating a pitch declination of the utterances.
However, the learners might not consistently use pitch reset at
the prosodic boundary.

Index Terms: prosody, prosodic boundary, syntactic
ambiguity, English learners

1. Introduction
Prosody plays a crucial role in spoken language

comprehension. One important function of prosody is to
segment the utterances into smaller phrases. Prosodic phrasing
is not isomorphic to syntactic phrasing, rather, it is a reflection
of the syntactic structure of the utterance [1]. In the study of
the effect of prosodic phrasing on syntactic structure, prosodic
disambiguation (i.e., using prosody to resolve syntactic
ambiguity) has been of particular interest [2]. Some syntactic
ambiguities can be resolved by the placement of prosodic
boundaries, especially for bracketing ambiguities [3]. For
example, the PP-attachment sentence “Tap the frog with the
flower” may have two interpretations depending on the
situation: that is, to use the flower to tap the frog, or to tap the
frog that has a flower [4]. The intended meaning of this
ambiguity can be distinguished by bracketing the sentence in
different ways.

Prosodic disambiguation has been widely studied in
speech production and perception. It has been shown that both
speakers and listeners can use prosodic cues to resolve
syntactic ambiguity [4—17]. The major acoustic correlates of
prosodic phrasing are duration, fundamental frequency (F0),
and intensity, but intensity has been less often studied as a

*Corresponding author

979

signal for prosodic boundaries. According to [18], pre-
boundary lengthening, pause insertion, and domain-initial
strengthening are the main durational cues relating to prosodic
phrasing. In addition, boundary tone, pitch reset, and voice
quality changes at the end of the prosodic domain also
correlate with prosodic boundaries.

In the study of the role of prosody in sentence processing
and language comprehension, prosodic phrasing has also been
investigated in second language research. In a study of early
Spanish-English bilinguals carried out by [19], it was shown
that the bilinguals adopted a greater duration and a less
extreme pitch movement compared to the monolingual. In [20],
it was found that French-English learners could use prosodic
information for interpretation, but their preference for
prosodic phrasing was associated with their French
proficiency. English-German learners and German-English
learners were found not to fully transfer prosodic cues to
disambiguate from first language to second language, which
was due to their different use of pitch information [21]. In a
study of Taiwanese English learners’ prosodic disambiguation,
it was demonstrated that the advanced English learners
employed more distinguishable pause duration difference than
the native speakers, while the limited learners could not pause
reliably to disambiguate [22]. Prosodic disambiguation by
Chinese learners of English was investigated in [23], finding
that the learners used pauses more often to disambiguate, and
that their intended meaning could not be effectively perceived
by the native speakers. It was shown that the prosody of the
learners’ native language can influence the second language.
The above studies also suggest that the learners’ use of
prosody to disambiguate in speech production is related to
their language experience, and that it may be influenced by
their native language.

The use of prosody in Chinese has been examined in
speech production and perception. It was demonstrated in [24]
and [25] that pause insertion, FO lowering, intensity reduction,
pre-boundary lengthening, and laryngealization at the prosodic
boundary were the acoustic correlates to prosodic
disambiguation. It has been proposed that pause is the primary
prosodic cue and pre-boundary lengthening is less important.
A comparison between the prosodic cues used in English and
Chinese was conducted in [26], finding that both groups of
speakers utilized pause insertion, pre-boundary lengthening
and pitch changes to signal prosodic boundary, but their use of
pitch changes differed. It has been proposed that pitch slope in
English is more effective, while in Chinese pitch reset is more
effective. English is an intonation language, while Chinese is a
tonal language, in which pitch is used to distinguish lexical
items at the word level, and signal variations in intonation at
the sentence level [26]. In addition, it was proposed that the
prosodic cues indicating prosodic boundaries may be language
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specific [25]. For this reason, it is assumed that the Chinese
learners of English may employ prosodic cues differently from
native speakers.

As indicated in recent studies carried out by [4] and [11],
prosodic disambiguation in English has yielded mixed results
regarding whether speakers could employ reliable prosodic
cues to resolve syntactic ambiguity. Thus, it can be inferred
that speakers’ consistency in using prosodic cues to
disambiguate may depend on the discourse situation and on
their awareness of the ambiguity and the need to clarify [21].
A game-based conversation task was adopted in [11] to elicit
target utterances, finding that both speakers and listeners could
reliably use prosodic cues to disambiguate, even when they
didn’t notice the ambiguity. Thus, this study will also adopt a
cooperative game task to ensure that all of the target
utterances produced by the speaker are more natural and that
their prosodic cues to disambiguate are effective for our
analyses.

2. Method

In this study, a cooperative role-play game task was adopted to
elicit the target utterances. The subjects served as the speaker
(hereafter called the director) and the confederate as the
listener (hereafter called the mover).

2.1. Production experiment

2.1.1. Participants

Directors were divided into two groups, i.e., the native
speakers and EFL learners. 10 native speakers of American
English (5 males and 5 females) and 20 Chinese EFL learners
(13 males and 7 females) were recruited. All EFL learners
were undergraduate students from Shanghai, whose native
language was Mandarin Chinese. All had been learning
English for approximately 10 years. The native speakers were
also undergraduate students, who came to China for short-term
international exchange. All subjects were 18 to 22 years old.
In addition, two master students (1 male and 1 female), and
one American-born doctorial student (male) acted as the
confederate movers. No participant reported any speech or
hearing disorders.

2.1.2. Materials

The target materials consisted of 10 pairs of PP-attachment
sentences. These sentences were presented to the director as
instructions for each display, and to the mover as manipulable
objects on the computer screen, as illustrated in Figure 1. All
of the displays for the mover were programmed into the
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Figure 1: Schematic sample set of the display presented to
the instructor (A) and to the mover (B).
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computer.

Figure 1 (A) is the display as presented on a hand-held
tablet computer to the director. It consisted of four objects: (1)
the target object to be moved as indicated by the green star; (2)
the destination object where to move the target object
indicated by the green arrow; (3) the destination object if the
PP-attachment sentence was interpreted incorrectly by the
mover; and, (4) the distractor. Which object the director
should indicate when giving instructions was marked by an
asterisk. Figure 1 (B) is the display presented to the mover on
the computer screen, and each of the objects could be moved
randomly.

Each object’s name was given beside the object in 16-
point Times New Roman type, so that the directors would be
consistent in naming the objects as well as to be more fluent in
their speech. The sentence structure, “Put the __ in the .”
was also given at the bottom of the picture to ensure that the
target utterances could be elicited consistently. To avoid the
mechanical production of target structures, filler trials were
also inserted between each target trial. Giving the object
names and images on screen above, with the fill-in sentence
patterns elsewhere below, acted as an internal distractor
activity and seemed to serve more spontaneous production
while maintaining consistency. The filler trials had a variety of
structures and the directors were given the freedom to speak
them in any way they preferred.

2.1.3. Procedure

The experiment was performed in the professional recording
studio at the School of Foreign Languages in Shanghai Jiao
Tong University. The speech was digitized into a computer
(Macbook Pro) by 16-bit, 44.1kHz sampling rate, using audio
sound (AVID Mbox Mini). The mover took a seat in front of
the computer, and the director was seated a little behind and to
the side of the mover, so that they could exchange information.
Moreover, the director could only use speech to give
instructions, instead of eye gaze or gestures. Before beginning
the game, participants were told that the aim of the experiment
was for the director to use the given instructing statements to
get the mover to perform the intended actions as indicated in
pictures on the tablet computer. Confederate movers were told
to perform the intended actions after they truly understood the
instructions given by the directors. If there was any doubt, a
mover was to ask for clarification, until the target utterances
from the director were effective. For the native group, the
native confederate acted as the mover; for the learner group,
the Chinese student acted as the mover.

Before each trial, directors were told to briefly describe
the objects in each display and their position to the mover
before delivering the target sentence, so that they would be
more familiar with the objects and more fluent in the target
utterances. During the experiment, the director was to observe
the actions performed by the mover. The director was to tell
the mover if his or her action was right or wrong. If the mover
performed incorrectly, the director was to repeat the
instructions until the mover performed correctly. Before the
experiment, eight practice trials were presented to the
participants, so as to familiarize the participants with the task
of the experiment

2.1.4.  Acoustic measurement

Since in this study the utterances were elicited spontaneously,
the directors occasionally made mistakes, repetitions,



hesitations, coughs, giggles, and other disfluency. Only
utterances that were correctly disambiguated and fluent were
chosen. Two acoustic correlates (duration and F0) were
analyzed to investigate the prosodic cues employed by the
Chinese learners and the native speakers.

The duration data extraction was done with a Praat script
ProsodyPro [27]. To measure duration correlates,
measurements of pre-boundary lengthening, pause, as well as
their combination were analyzed. To normalize the individual
differences in speaking rates, the duration ratio was derived by
dividing the duration of the critical items from that of the
entire utterance. From this, a pre-boundary duration ratio and
pause ratio were obtained. For the FO data analyses, pitch reset

was analyzed to signal the pitch changes at the critical location.

The FO data extraction was done with VoiceSauce using the
STRAIGHT algorithm [28]. After FO data was extracted, pitch
contours for the critical pre-boundary and post-boundary
syllables were drawn manually. To ensure a smooth pitch
contour, observed errors were manually corrected by
calculating the FO in the narrow-bandwidth Praat window.
Following this step, the FO values were converted from hertz
(Hz) to semitones (st) using the following formula:

fse = 1ZXI092(f0/f0ref) (D

in which f0 refers to the measured pitch values, f0,f is
assumed to be 1 Hz.

In the calculation of pitch reset, this study followed the
method in [26], taking the difference between the minimum
FO of the pre-boundary syllable and that of the post-boundary
syllable. A script was edited to extract the maximum FO and
minimum FO.

2.2. Results

2.2.1. Duration

Figure 2 displays the mean duration ratios of the pre-
boundary syllable, pause, and post-boundary syllable. The
critical sentence structure in this study is composed of two
prepositional phrases, i.e., “ in__ on __”. Thus, there might
be two alternative prosodic phrasings or both: “  #in _ on
7 (context A), or “_in__ #on__” (context B). Thus, Prel
refers to the first pre-boundary syllable, P1 the first pause,
Prepl the first preposition, Pre2 the second pre-boundary
syllable, P2 the second pause, and Prep2 the second
preposition.

It may be observed that compared with context B, Prel is
lengthened and P1 is inserted in both groups in context A, and
P2 of the learners is much greater than that of the native. In
Context B, P1 of the learners is much shorter than that of the
native. In addition, P2 is inserted and Pre2 is lengthened in
both groups. Meanwhile, a lengthening could be observed on
Prep2 among the native.

Mixed between-within subjects ANOVA with context as
within-subjects variable and group as between-subjects factor
were conducted to test the significance of durational changes.
The results show that the changes are significant across the
two contexts (p < 0.001), and significant differences also exist
between the two groups (p < 0.001). To determine which item
in the utterance caused the significant differences between the
two groups, post-hoc pairwise comparisons were conducted.
The results in Table 1 (N: Native, C: Chinese) show that for
the native, significant differences exist in Prel, P1, Pre2, P2,
and Prep2 between context A and context B, while for the
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Figure 2: Mean duration ratios averaged across 10
sentences by native speakers and Chinese learners in
contexts A and B.

O Native

learners, they are Prel, P1 and P2. In context A, Prel and P1
of the native are significantly longer than those of the learners,
while Prep2 is shorter than that of the learners. In context B,
Prepl of the learners are much longer than those of the native.
In addition, Pre2, P2 and Prep2 of the native are significantly
longer than those of the learners.

Three indications can be made from the above results: (1)
the native display greater durational changes at the prosodic
boundary: that is, greater pre-boundary lengthening and longer
pause, than the learners; (2) the learners employ pauses more
often to interpret the alternative meanings of PP-attachment;
and, (3) the significant lengthening effect on Prep2 in context
B by the native speakers and its significant differences
between the native and the learners indicate that native
speakers’ prosodic cues may be influenced by the length of the
phrase, and there is an initial strengthening, while that of the
learners not.

Table 1: Post-hoc pairwise comparisons for duration ratio.

Context  Item  Sig. Group Item Sig.
Prel s. Prel s.
P1 n.s. P1 s.
Prepl ns. Prepl n.s.
NA * NB NA * CA
Pre2 S. Pre2 n.s.
P2 S. P2 n.s.
Prep2 s. Prep2 s.
Prel s. Prel n.s.
P1 S. P1 n.s.
Prepl ns. Prepl s.
CA*CB NB * CB
Pre2 n.s. Pre2 S.
P2 S. P2 S.
Prep2 n.s. Prep2 s.

Note: sig. is the abbreviation of significance, s. is significant, and n. s. is
not significant.

222, FO

In this study, pitch reset was measured to signal pitch changes
at the prosodic boundary. From Figure 3, in which the positive
value indicates a pitch reset at the boundary, while no reset is
observed when the value is negative, the native speakers are
supposed to display a pitch reset at the prosodic boundary in



both contexts A and B. Whereas the learners exhibit a reset at
the second boundary in context A, and at the first boundary in
context B.

Two-way ANOVA show significant differences in pitch
reset at the first boundary (p < 0.05) and the second boundary
(p < 0.005) between the two groups. While for the native, the
factor of context is not significant at the first boundary.

Post-hoc analysis was conducted to test the significance of
pitch reset between the two groups. The reset by the native is
shown to be significantly greater than that of the learners at
the first boundary (p < 0.001) in context A, and at the second
boundary (p < 0.05) in context B. This suggests that Chinese
learners use pitch reset at the first boundary in context B, and
at the second boundary in context A. While, the native use
pitch reset at both the first and the second boundary in context
A and context B, and no significance is observed between
resets at the two boundaries, indicating that the use of pitch
reset is not influenced by the phrase length.

Pitch reset (st)

2
1 - - - -
N N
A RBl B RTI A RT2 B_
-1 - —
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Native ™Chinese

Figure 3: Mean values of pitch reset.

3. Discussion

This study adopted a cooperative game task to investigate the
Chinese EFL learners’ production of prosodic cues to resolve
syntactic ambiguity. Both native speakers and learners were
shown to use prosodic cues to distinguish the alternative
meanings of the ambiguous PP-attachment sentences in this
task. Acoustic analyses were conducted to find the prosodic
cues employed by the native speakers and the learners, to
discover any differences between these two groups.

For the duration correlates, pre-boundary lengthening and
pause were analyzed. Both the native and the learners used
pre-boundary lengthening and pause to indicate the phrasing
of the utterances. But differences were observed between the
two groups. First, the native showed greater duration changes
on the pre-boundary items and pauses; second, mixed behavior
in pitch reset was found among the learners; and third, the
native speakers displayed a significant lengthening effect on
Prep2 in context B. It’s suggested that the learners might
pause more often, resulting in more prosodic boundaries. In
such a case, the learners presumably use relative prosodic
boundary strength to resolve syntactic ambiguity: that is, they
may employ two pauses in the utterances in both contexts A
and B. The native speakers’ lengthening of Prep2 in context B
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may result from different phrase lengths of the structures, e.g.,
“Put the book in the box on the mat” is composed of two
phrases with three syllables and six syllables respectively in
context A (i.e., “put the book / in the box on the mat”); while
six syllables and three syllables respectively in context B (i.e.,
“put the book in the box | on the mat”). The native speakers, it
was proposed, display domain-initial strengthening after a
long phrase, while the leaners do not.

For the pitch correlate, pitch reset was calculated and
analyzed. The native speakers employed pitch reset at the first
and at the second boundary in contexts A and B. This may
indicate that there is a pitch declination across the critical part
in the utterance. In contrast, the learners’ use of pitch reset
was mixed. They showed pitch reset at the second boundary in
context A and at the first boundary in context B, which may
result from the fact that the learner group used pauses more
often, hence producing more prosodic boundaries in contexts
A and B. As the prosodic boundary is not consistent cross the
contexts, their average use of pitch reset might also be
different.

In conclusion, both native speakers and Chinese EFL
learners use pre-boundary lengthening and pause to resolve
syntactic ambiguity. However, the native also showed domain-
initial strengthening immediately after the boundary, and
employed greater durational changes on the pre-boundary item
and pauses compared with the learners. Besides, they also
displayed pitch reset at the first and at the second boundary in
both contexts A and B, indicating a pitch declination across
the critical part of the utterance. On the other hand, the
Chinese EFL learners showed mixed pitch reset behaviours,
indicating that the learners employed relative boundary
strength to distinguish the alternative meanings of the PP-
attachment sentences.

This study employed a game-based task to elicit the target
utterances, so that more natural and effective utterances could
be obtained for the acoustic analyses. However, in the analysis
of pitch changes, the mixed results in pitch reset and
durational changes suggest that the learners tend to use
relative prosodic boundary strength more often to resolve
syntactic ambiguity in PP-attachment: that is, to pause at the
two boundaries in both contexts. However, only pitch reset
was measured in this study. Other pitch changes, such as pitch
slope, should also be included in the acoustic analysis, as it
has been found that Chinese speakers and English speakers
employed these two cues differently [26].
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