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Introduction

u To extract words from continuous speech, infants 
acquiring their native language and adults learning a 
second language rely on:
u Statistical cues (e.g., transitional probabilities) 

u Local prosodic cues (e.g., intonational phrasing, stress)

u Recent studies show evidence from English that distal 
prosodic cues also influence word segmentation and lexical 
access (Dilley & McAuley, 2008; Dilley, et al., 2010; Heffner et al., 2012).
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Perceptual Grouping Hypothesis

u The perceptual grouping hypothesis (Dilley & McAuley, 2008) 
proposes that distal prosodic cues at the beginning of an 
utterance create expectations about how later syllables 
should be grouped into words
u Results from Dilley and McAuley (2008) showed that, in syllable 

sequences containing ambiguous word boundaries, syllables were 
grouped into words differently depending on the distal prosodic context

Cry-Sis-Ter-Nip

Crisis Turnip Cry Sister Nipor
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Morrill et al. 2015

u Support for this hypothesis 
comes from Morrill et al. (2015)
u Subjects listened to utterances 

from an artificial language

u Judged whether disyllabic items 
were “words” or “non-words” from 
the artificial language

Apparatus The experiment was run on a Dell PC with E-
Prime 2.0.8.22 software (Psychology Software Tools, Inc.).
All stimuli were presented over Sennheiser HD-280 Pro head-
phones (Old Lyme, CT) at a comfortable listening level.

Procedure During the exposure phase, participants listened to
two blocks of 180 trials.Within each block, they heard the 144
phrases described above and 36 filler phrases that included a
repeated pair of syllables. Fillers were created by combining the
carrier sequences with other four- and five-syllable sequences
in which a pair of syllables from the carrier was repeated (for 12
unique fillers). Fillers were used to hold attention. On each trial,
participants were asked to listen carefully and to indicate
whether they heard a repeated pair of syllables, using a response
box. Trials were presented in pseudorandom order, and every
ten trials included two fillers. Across both exposure blocks,
participants heard each word 72 times.

During the test, participants heard 24 disyllabic test items;
half were disyllabic words from the exposure phase, and half
consisted of nonwords. Listeners judged whether each item was

a “word” or “nonword” using a six-point scale (1 = definitely
nonword, 2 = likely nonword, 3 = maybe nonword, 4 = maybe
word, 5 = likely word, and 6 = definitely word). All test items
were presented with an H–L pitch pattern. Of the 12 test items
that were words, six had been congruent with distal prosody
during exposure and six had been incongruent; all had been
presented with both H–L and L–H pitch patterns. The nonwords
consisted of the same syllables as the congruent and incongruent
items, but presented in reverse order (so that the transitional
probabilities during the exposure phase had been 0). After the
experiment, participants completed a demographic survey and
provided information about any strategies used.

Results

Word ratings (from 1 to 6) were normalized for each partici-
pant by z-scoring their responses, in order to account for
differences in using the range of the scale (K. Johnson,
2011); Fig. 2 shows normalized word ratings for the test items
(for the raw scores, see the Appendix). To examine the effect

Fig. 1 Example stimuli illustrating distal prosody manipulations. (a)
Low–High distal prosodic pitch pattern in the carrier sequence; in this
distal prosodic context, the word [g pɛ] is congruent with the distal
prosody, whereas [tag ] and [pɛdu] are incongruent with the distal pros-
ody. (b) High–Low distal prosodic pitch pattern in the carrier sequence,
with fifth-syllable lengthening; in this distal prosodic context, the words

[tag ] and [pɛdu] are congruent with the distal prosody, whereas the word
[g pɛ] is incongruent with the distal prosody. For any given participant for
whom [g pɛ] was a congruent word, [g pɛ] would occur as congruent in
both types of distal prosodic pitch patterns—the Low-High and High-
Low contexts

818 Psychon Bull Rev (2015) 22:815–823

Figure: Example stimuli illustrating distal prosody manipulations (Morrill et al., 2015)
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Morrill et al. 2015

u Target words were either (a) 
congruent or (b) incongruent 
with the distal prosodic 
context

u Local prosody of a target 
word was identical for 
congruent and incongruent 
distal prosody conditions
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818 Psychon Bull Rev (2015) 22:815–823

Figure: Example stimuli illustrating distal prosody manipulations (Morrill et al., 2015)
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Morrill et al. 2015

u Word ratings were higher for items that 
were congruent compared to incongruent 
with their distal prosody 

u Findings indicate that distal prosody 
provides cues for downstream perceptual 
grouping of syllables in a novel language
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Research Questions

1. Will the results of the Morrill el al. (2015) language-
learning study replicate with an online task?

2. Is the perceptual grouping hypothesis universal across 
individuals with different language backgrounds?
u Studies on how listeners’ linguistic background and experience affect 

perception of speech and rhythmic grouping show mixed results

u Universal: Hay & Diehl (2007); Jarvikivi, Vainio, & Aalto (2010)  

u Shaped by linguistic experience/background: Gandour et al. (2002); 
Iversen & Patel (2008); Tyler & Cutler (2009); Schmidt-Kassow, et al. 
(2011); Yeung, Chen, & Werker (2012); Tsao (2017)
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Present Study

1. Adapted the artificial language task from Morrill et al. 
(2015) to be an online task rather than language-learning 
task
u Participants listened for a disyllabic target item in a short 

utterance from the artificial language

u Rated how well they heard the target item on a scale from 1 – 6 
(No, I did not hear it – Yes, I heard it very well)

2. Tested non-native English speakers (NNS) in addition to 
native English speakers (NES)
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Present Study

u Compare tonal and non-tonal language speakers 
u Evidence suggests that native speakers of non-tonal and tonal 

languages develop different strategies for segmenting speech into 
meaningful units (Gandour et al., 2002; Tsao, 2017)

u In non-tonal languages, words are the fundamental units of meaning

u Non-tonal language speakers use distal prosodic cues to group syllables 
for speech segmentation

u In tonal languages, lexical tones are assigned to each syllable, making 
syllables the fundamental units of meaning/segmentation

u This may increase the perceptual weight of each syllable

u This may also increase the emphasis on local rather than distal prosodic 
cues for speech segmentation
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Predictions

1. Perceptual grouping hypothesis predicts a congruency effect such that:

u Congruent items will be better perceived than incongruent items

2. If the perceptual grouping hypothesis is universal, we predict that:

u There will be a congruency effect for speakers of tonal and non-tonal languages

3. If the perceptual grouping hypothesis is language-specific, then we 
predict a difference between language groups such that:

u Speakers of non-tonal languages will show a congruency effect

u Non-tonal language speakers will perceive congruent better than incongruent words

u Speakers of tonal languages will not show a congruency effect

u Tonal language speakers will not show a difference between congruent and 
incongruent words
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Methods

u Participants
u 40 native English speakers (NES) 

u 35 non-native English speakers (NNS)

u N = 17 Non-tonal Language Speakers (NTS)

u N = 18 Tonal Language Speakers (TLS)

Non-tonal 
Languages

Tonal
Languages

Arabic
Bengali
Hindi
Korean
Kurdish
Malaysian
Nepali
Polish
Portuguese
Spanish

Cantonese 
Mandarin
Thai
Vietnamese

Language Group N Age Age Started English Years Outside English-
Speaking Country

NES 40 19.40 4.58 1.15
NNS NTS 17 28.88 8.93 16.97

TLS 18 26.67 10.17 20.68
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Methods

u Design
u 3 X 2 mixed factorial 

u (Language group: NES vs NTS vs TLS) X (Item type: Congruent vs 
Incongruent)

u General Procedure
u Participants completed the artificial language task followed by a 

survey about demographics, language background, and music 
experience
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Artificial Language Task

u Rated how well they heard the target item on a scale from 1 –
6

u (1 = No, I did not hear it; 6 = Yes, I heard very well)

1. Exposure phase:
u Participants heard a list of 12 artificial disyllabic word items 

2. Test phase:
u Participants read one of the 12 target items then 

listened for it in a short artificial utterance
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Artificial Language Task

u Rated how well they heard the target item on a 
scale from 1 – 6

u (1 = No, I did not hear it; 6 = Yes, I heard it very well)

1. Exposure phase:
u Participants heard a list of 12 artificial disyllabic word items 

2. Test phase:
u Participants read one of the 12 target items then 

listened for it in a short artificial utterance
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Artificial Language Task

u Test phase:
u 144 Trials

u Target items were either 
present or absent on each 
trial

u Target-present trials 
contained target items that 
were either (a) congruent or 
(b) incongruent with the 
distal prosodic context

u Local prosody of a target 
item was identical for 
congruent and incongruent 
distal prosody conditions

Apparatus The experiment was run on a Dell PC with E-
Prime 2.0.8.22 software (Psychology Software Tools, Inc.).
All stimuli were presented over Sennheiser HD-280 Pro head-
phones (Old Lyme, CT) at a comfortable listening level.
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box. Trials were presented in pseudorandom order, and every
ten trials included two fillers. Across both exposure blocks,
participants heard each word 72 times.
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half were disyllabic words from the exposure phase, and half
consisted of nonwords. Listeners judged whether each item was
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presented with both H–L and L–H pitch patterns. The nonwords
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items, but presented in reverse order (so that the transitional
probabilities during the exposure phase had been 0). After the
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provided information about any strategies used.

Results

Word ratings (from 1 to 6) were normalized for each partici-
pant by z-scoring their responses, in order to account for
differences in using the range of the scale (K. Johnson,
2011); Fig. 2 shows normalized word ratings for the test items
(for the raw scores, see the Appendix). To examine the effect
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Figure: Example stimuli illustrating distal prosody manipulations (Morrill et al., 2015)
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Data Analysis

u A signal detection analysis was 
conducted:
u Hit (H) & false alarm (F) rates.

u Relative/receiver operating 
characteristic (ROC) curves.

u Area under the curves (Az)
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Results: NES vs. NNS

Both groups:
u Target absent trials 

had significantly 
lower ratings than 
target present trials.

NES group:
u Congruent words 

were perceived 
significantly better 
than incongruent 
words.

NNS group:
u There was a smaller 

congruency effect. 

17



Results: NES, NTS, & TLS
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Results: Area under the curve (Az)
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Discussion

u Consistent with previous research, native English speakers use distal 
prosodic cues to group downstream syllables into words.  

u Effects of distal prosody were also present for speakers of some other 
languages as well, but not for native speakers of tonal languages. 

u Speakers of languages with lexical tones use different segmentation units 
from native speakers of non-tonal languages, e.g., syllables.

u Speakers of tonal languages ignored distal prosodic cues for speech 
segmentation.
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Discussion

u The study highlights the importance of cross-linguistic research in 
general and on prosody in particular.

u Future studies:

u When and how children become tuned or immune to distal prosodic cues?

u How would children with specific language impairment perform in this 
task? 
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