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ABSTRACT
This study investigated whether an exemplar model
of speech perception could account for the
intonation-based classification of statements and
questions in Cantonese and Mandarin. Both native
and naïve listeners of each language performed a
sentence-type identification task. They were
presented with gated forms of 80 pairs of statements
and questions that ended in all the lexical tones in
each language. An exemplar-based model also
simulated the listening task by classifying the same
tokens based on the Euclidean distance of the F0
values between new and previously presented
tokens. Results showed that the naïve listeners and
the model performed worse than native listeners on
whole-utterance stimuli, but all groups performed
similarly well on gated utterances that comprised the
final syllable only. Both naïve listeners and the
model performed at similar above-chance levels,
suggesting that a “naïve” exemplar-based model
could account for the naïve listeners’ perception of
intonation.
Keywords: intonation perception, exemplar model,
statement and question, Cantonese, Mandarin
1. INTRODUCTION
Previous research on speech variability has
investigated whether Exemplar Theory could
account for the perception of vowels [6], words [7],
syllables [20], pitch accents [21], intonation [4],
intonation and lexicon [19], as well as dialects [2].
Each of these studies focused primarily on native
speakers of a language. Few studies have applied
Exemplar Theory to non-native speakers’ perception
of speech [10]. To better understand exemplar
effects on non-native speech perception, this study
compared the perceptual sensitivity of native
listeners, naïve listeners, and an exemplar-based
model on the identification of statement and
question intonation in Cantonese and Mandarin.
Cantonese and Mandarin differ in both tonal and
intonation systems; thus, they provide two different
test cases for this study. Cantonese has six lexical
tones [1, 3]: high-level /55/, high-rising /25/, midlevel /33/, low-falling /21/, low-rising /23/, and low-
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level /22/. Mandarin, on the other hand, has four
lexical tones [13, 16]: high-level /55/, rising /35/,
low-falling(-rising) /21(4)/, and falling /51/.
This study used declarative questions that are
yes/no questions seeking confirmation from the
listener. In Cantonese, declarative questions end in a
high F0 rise [8] or a high boundary tone [23]
regardless of the tone of the final syllable. In
Mandarin, however, they exhibit a gradual increase
in F0 towards the end of the utterance [14] as well as
an overall higher pitch level than statements [24].
They also retain the tonal shape of the final syllable
[5]. Similarly, statements in both Cantonese and
Mandarin also retain the final tonal contour.
Our study was designed to address the following
research questions: (1) How well can naïve listeners
correctly identify statement and question intonation
in Cantonese and Mandarin, compared to the native
listeners? (2) How well would an exemplar-based
model perform on the same task, compared to both
the native and naïve listeners? (3) Are there
cross-linguistic differences in all three groups’
performances on the task?
2. EXEMPLAR-BASED MODEL
We propose an exemplar-based model that uses a
simplified version of the algorithm from [11] and
[17]. It categorizes statements and questions based
on intonation, without normalization of fundamental
frequency (F0) for each speaker. Since F0 is a
salient acoustic correlate of intonation for Cantonese
and Mandarin, it was used as an auditory property to
calculate the auditory similarity between the
compared sentences. The auditory distance dij
between a new token i and a previously experienced
token j was determined by the Euclidean distance of
the F0s at eleven equidistant timepoints [t0..t10] of i
and j, as shown in (1).
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The auditory distance dij was then applied to the
exponential function e-x to derive the auditory
similarity sij between i and j. This function enables
auditorily close exemplars to have greater influence
in the calculation of auditory similarity. We took the

overall similarity between a new token i and a
category to be the sum of the auditory similarity
values between i and every token j in that category.
The model then assigned i to the category (i.e.,
‘statement’ or ‘question’) that had the higher overall
similarity value with i.
3. EXPERIMENT 1: CANTONESE
3.1. Method

3.1.1. Participants
Three groups of listeners participated in the
experiment: (1) native, (2) naïve, and (3) the
exemplar-based model. The native listeners (10
male, 10 female) originated from Guangdong, China
(n=7), Hong Kong (n=7), and Canada (n=6). These
listeners performed the identification task (for a
larger cross-linguistic study of intonation
perception) prior to the naïve listeners. Since there
was no significant difference in the results between
genders (ANOVA: p > .05), only the 10 female
listeners (age in years: 18-28, M=22.00, SD=2.36)
were analyzed in this study.
Counterbalancing the 10 native female
listeners were 10 naïve female listeners (age in
years: 18-28, M=20.80, SD=3.05) who had no
knowledge of Cantonese. Both the native and naïve
listeners were fluent English speakers. They were
recruited from the University of Calgary and
reported no visual, speech, or hearing disorders.
The exemplar-based model simulated 10
listeners as it performed 10 separate classifications
of the Cantonese tokens.
3.1.2. Stimuli
To create the stimuli, 10 native Cantonese speakers
who originated from Hong Kong (5 male, 5 female;
age in years: 18-35, M=23.00, SD=1.49) each read
20 pairs of statements and declarative questions.
These
sentence-type
pairs
were
identical
syntactically and lexically but differed in their
intonation contours (e.g., Wong55 Ji22 gaau33 lik22
si25. Wong55 Ji22 gaau33 lik22 si25? ‘Wong Ji teaches
history’). The speakers reported no visual, speech, or
hearing impairments and were recorded individually
in a sound-attenuated booth at the University of
Calgary using high-quality equipment at 44.1 kHz.
The recorded sentences of four randomly selected
speakers (2 male, 2 female), 80 pairs in total, were
then used as stimuli for the listening experiment. To
determine the effect of final tone on the
identification of the sentence type, the original
recordings were gated in three forms: (1) the whole
sentence (WHOLE, e.g., Wong55 Ji22 gaau33 lik22 si25.),
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(2) the final syllable (FINAL, e.g., si25), and (3) the
non-final portion of the utterance (NON-FINAL, e.g.,
Wong55 Ji22 gaau33 lik22).
3.1.3. Procedure
The identification task comprised two sessions that
were conducted one to seven days apart. Half of the
80 pairs of sentences were used for training and the
remaining half were used for testing. The training
and test tokens were reversed between sessions.
Since this study focused on the naïve listeners’ first
experience with the test language, only the results
from session one were reported. Table 1 lists the five
phases in session one of the identification task.
Table 1: Session one of the identification task.
Part
I
II
III
IV
V

Phase
Practice
Training
Testing
Practice
Testing

# of Trials
4
80
80
8
160

Stimulus Type
WHOLE
WHOLE
WHOLE
NON-FINAL, FINAL
NON-FINAL, FINAL

The training and test tokens were also
randomized and counter-balanced between listeners.
They were presented in ten different orders, one for
each listener of the three listener groups in the study.
The listeners were presented with the stimuli
through headphones one token at a time. In each
trial, they responded whether the stimulus that they
had just heard was (part of) a statement or question
by pressing the appropriate key on a keyboard. The
brief practice exercises, which were intended to
familiarize the listeners on how to do the task, used
sentences that differed from the sentences that were
used in training/testing. The speaker who produced
these sentences also differed from the four speakers
who produced the training/test stimuli. During
practice and training, the correct sentence type was
displayed after each response. During testing,
however, only the number of correct responses was
displayed after every 10 trials.
Similarly, the model was first trained on the
training data, which became exemplars ‘in memory’.
During the categorization process, it compared each
test token with the statement and question exemplars
in memory (using the algorithm described above).
Once the test token had been categorized, it became
another experienced token in memory and was used
to categorize subsequent tokens.
3.1.4. Analysis
For the perceptual analysis, we converted the
listeners’ responses to measures of sensitivity

(d-prime: d') [15]. A d' value of zero means
performance at chance level. We then ran a threeway ANOVA with d' as the dependent measure and
with listener group (native, model, and naïve),
stimulus type (WHOLE, NON-FINAL, and FINAL), and
lexical tone as independent factors. Since this study
examines perception across listener groups, we will
only report significant effects or interactions
involving listener groups (at α = .05).
3.2. Results
Figure 1: Sensitivity (d') by listener group and
stimulus type for Cantonese.
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Fig. 1 shows that all three listener groups correctly
identified the sentences at an above-chance level. A
three-way ANOVA on d' indicated a significant
main effect of listener group [F(2, 27) = 8.34,
p < .01] and a significant interaction between
listener group and stimulus type [F(4, 54) = 8.98,
p < .001]. However, there was no significant
interaction among listener group, stimulus type, and
tone. A post-hoc Tukey HSD test revealed that the
native listeners were significantly more sensitive to
the statement-question distinction than both the
model and the naïve listeners (p < .001; mean
difference d̄ = .31 and d̄ = .60, respectively), while
the model was significantly more sensitive than the
naïve listeners (p < .001; d̄ = .29).
Specifically, on WHOLE stimuli, the native
listeners performed significantly better than both the
model (p < .01; d̄ = .54) and the naïve listeners
(p < .001; d̄ = .97), while the model performed
significantly better than the naïve listeners (p = .04;
d̄ = .43). On NON-FINAL stimuli, the native listeners
also performed significantly better than both the
model (p < .001; d̄ = .70) and the naïve listeners
(p < .001; d̄ = .65), but there was no significant
difference between the model and the naïve
listeners. On FINAL stimuli, there was no significant
difference between the native listeners and the
model or the naïve listeners, but the model
performed significantly better than the naïve
listeners (p < .01; d̄ = .49).
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4. EXPERIMENT 2: MANDARIN
Experiment 2 replicated Experiment 1 in design,
procedure, and analysis, but used Mandarin instead
of Cantonese listeners and stimuli.
4.1. Method

4.1.1. Participants
Similar to Experiment 1, three groups of listeners
participated in the experiment: (1) native, (2) naïve,
and (3) the exemplar-based model. The native
listeners (10 male, 10 female) originated from China
but not Hong Kong. Since there was no significant
difference in d' between genders (ANOVA: p > .05),
only the 10 female listeners (age in years: 18-28,
M=23.70, SD=2.45) were analyzed. These native
listeners were counterbalanced with 10 naïve female
listeners (age in years: 18-28, M=21.20, SD=2.35)
who had no knowledge of Mandarin. Both the native
and naïve listeners were fluent English speakers.
They were recruited from the University of Calgary
and reported no visual, speech, or hearing
impairments. Ten runs of the exemplar-based model
simulated 10 listeners of Mandarin.
4.1.2. Stimuli
The stimuli were recorded and gated in the same
manner as the stimuli for the Cantonese experiment.
Sixteen native Mandarin speakers (8 male, 8 female;
age in years: 18-35, M=24.94, SD=4.80), who
originated from China but not Hong Kong, produced
the Mandarin statements and declarative questions.
These sentences ended in all four of the Mandarin
tones.
4.2. Results

All three listener groups correctly identified the
sentence types at an above-chance level for all three
stimulus types. A three-way ANOVA on d' showed
a significant main effect of listener group
[F(2, 27) = 64.82, p < .001]. It also indicated
significant interactions between listener group and
stimulus type [F(4, 54) = 13.40, p < .001] and
among listener group, stimulus type, and tone
[F(12, 162) = 2.47, p < .01]. A post-hoc Tukey HSD
test revealed that, overall, the native listeners were
significantly more sensitive to the statementquestion distinction than both the model (p < .001;
d̄ = 1.20) and the naïve listeners (p < .001; d̄ = 1.03).
Specifically, on WHOLE stimuli (Fig. 2), the
native listeners performed significantly better than
both the model (p < .001; d̄ = 1.72-2.33) and the
naïve listeners (p < .001; d̄ = 1.47-1.65). On NON-

FINAL stimuli that excluded a final high or falling
tone, the native listeners also performed significantly
better than the model (p < .01; d̄ = 1.24 or 1.13) and
the naïve listeners (p < .01; d̄ = 1.23 or 1.17).
Furthermore, the native listeners performed
significantly better than the naïve listeners only on
NON-FINAL stimuli that excluded a final low tone
(p < .05; d̄ = 1.10) and better than the model only on
FINAL stimuli that carried the rising tone (p < .01;
d̄ = 1.17).

Figure 2: Sensitivity (d') of WHOLE stimulus type
by listener group and final tone for Mandarin.
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5. DISCUSSION
In both Cantonese and Mandarin, the naïve listeners
and the exemplar-based model performed at above
chance levels. Additionally, they performed (nearly)
as well as the native listeners on utterances that were
presented with their final syllables only. Both results
are unexpected because neither the naïve listeners
nor the exemplar-based model had knowledge of the
intonation patterns of the test language prior to the
identification task. For the naïve listeners, their
experience with the rising intonation in English
yes/no question [12, 22] likely influenced their
performance on the task since the declarative
questions in both languages end in a higher pitch
than statements (i.e., a final rise in Cantonese [8]
and a raise in pitch in Mandarin [18]). There is also
a general tendency for some language speakers to
perceive utterances with a final rising intonation as
questions [9]. On the other hand, the exemplar-based
model’s above chance performance provides
evidence that F0 is a salient cue for declarative
questions in Cantonese and Mandarin.
On whole utterances, however, the native
listeners outperformed the naïve listeners and the
exemplar-based model. This result suggests that, in
addition to the salient cue for questions at the end of
the utterance, there is distinguishing information
between statements and questions in the non-final
portion of the utterance to which only the native
listeners were sensitive, most likely because of their
experience with their native intonation. [10] noted a
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similar case—presented by Bradlow—in which the
native Mandarin listeners and the non-native
(English) listeners performed similarly in a
discrimination task on Mandarin tones, when the
tones were presented in monosyllables. However,
when the tones were presented in trisyllables, the
non-native listeners performed worse because they
“relied more on acoustic similarity between stimuli”
whereas the native listeners “could rely on their
abstract knowledge of the categories” [10].
Compared with the naïve listeners, the exemplarbased model performed similarly well in Mandarin
but better on stimuli that included the final syllables
in Cantonese. This performance difference reflects
the relatively larger F0 difference towards the end of
the statement and question intonation patterns in
Cantonese
than
in
Mandarin.
Comparing
performance across final tones, no differences
emerged for the Cantonese stimuli, possibly due to
the presence of a high boundary tone cue at the end
of questions [23]. The same comparison for
Mandarin revealed tonal differences likely because
Mandarin retains the shape of the final tone at the
end of both statements and questions [5].
6. CONCLUSION
This study used an exemplar-based model to
investigate the effects of native tone and intonation
on the identification of statements and questions in
two tone languages that differ in their intonation
patterns. On the one hand, native experience (or
more exemplars) helped the native listeners perform
better on whole utterances than the naïve listeners
and the exemplar-based model. On the other hand,
familiarity with similar intonation patterns from
another language (or relying primarily on acoustic
similarity) could compensate for the lack of native
experience, as indicated by all three listener groups’
similar performances on the final syllables alone.
The performance of the exemplar-based model
on the sentence-type identification task closely
paralleled the performance of the naïve listeners
rather than the native listeners, suggesting that an
exemplar categorization process could in principle
account for the naïve listeners’ perception of
sentence-type intonation, at least for Cantonese and
Mandarin. Future modeling work will examine the
potential effect of the listener’s first language on the
identification of intonation patterns in a non-native
language.
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