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ABSTRACT
It is unclear what roles native language (L1) and
second language (L2) play in the perception of
lexical tones in a third language (L3). Listeners with
different language backgrounds use different F0
cues in tonal perception. While English listeners use
F0 height, Mandarin listeners rely more on F0
direction. The present study addresses whether
knowledge of Mandarin as an L2 results in listeners’
reliance on F0 direction in their perception of L3
(Cantonese) tones. 15 English-speaking L2 learners
of Mandarin were compared to 15 monolingual
English speakers and 15 native Mandarin speakers
as control groups. All groups discriminated
Cantonese tones either by distinguishing a contour
tone from a level tone or a level tone from another
level tone. The L2 learners patterned differently
from the control groups by using both F0 height and
direction. Hence, L2 experience as well as L1
experience was found to modulate perception of L3
tones.
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1. INTRODUCTION
The present study addresses the role of linguistic
experience, in addition to acoustic factors, in the
perception of tones in an unfamiliar language. In this
study, we introduce L2 learners to an unfamiliar L3.
Linguistic experience is defined here as the
influence of previously acquired languages (i.e., L1
and L2). L1 has been suggested to play a crucial role
in predicting development and ultimate attainment
of L2 acquisition [6, 10]. While only L1 could be the
source of potential transfer in L2 acquisition, either
L1 or L2 or both could be sources of transfer in the
initial stage of L3 acquisition [3, 11].
In terms of acoustics, the larger the acoustic
difference between two sounds, the easier their
discrimination will be, regardless of which
languages have been previously acquired.
The current study addresses the question of what
role L1 and L2 play in L3 acquisition by testing
lexical tones. Lexical tone is an informative

linguistic structure for testing the influence of L1
and L2 in L3 acquisition because L2 can be shown
to be the source of transfer to L3 if lexical tones are
present in L2, but not L1 [11]. The present study
recruited English-speaking learners with Mandarin
as L2 and introduced them to Cantonese as L3.
Given the greater structural similarity between L2
and L3 compared with L1 and L3 in terms of lexical
tones, it is revealing to examine whether L2
experience overrides L1 influence and modulates
learners' use of cues in their perception of L3 tones.
Speakers of tone languages use F0 cues to
distinguish lexical meanings whereas speakers of
non-tone languages typically use F0 cues to convey
pragmatic meaning in intonation [8]. Previous
studies found that English listeners attend to F0
height as a cue and process lexical tones as nonlinguistic units because there is no lexical tone in
English. In contrast, Mandarin listeners are sensitive
to F0 direction as a cue and process lexical tones as
linguistic units, because Mandarin is a tone language
[2, 4, 5]. In addition to the contour tone contrasts
found in Mandarin, Cantonese has level tone
contrasts, so listeners need to attend to both F0
height and F0 direction to identify Cantonese tones.
Therefore, Cantonese tones are used as stimuli to
examine whether English-speaking L2 learners of
Mandarin perceive Cantonese tones using F0 height
like English listeners or F0 direction like Mandarin
listeners.
2. METHODS
2.1. Participants

15 English-speaking learners of Mandarin were
recruited as our target group. All of them were
college students studying Chinese at the University
of Kansas. Their average age of acquisition was 21.5
years (SD: 3.7) and they had received an average of
2.17 years (SD: 0.8) of Chinese instruction. Eleven
of them self-reported their proficiency of Chinese as
intermediate. Moreover, 15 English native speakers
with no exposure to any tone languages (i.e., English
monolinguals) and 15 Mandarin native speakers
with no background in other tone languages were
recruited as control groups. A questionnaire was

2.2. Stimuli

Level and contour Cantonese tones were used as
stimuli, allowing for a test of both F0 height and F0
direction. All tones were carried by two syllables,
[jɐu] and [se], to counterbalance the effect of voicing
of initial consonants on F0 contours [7].
One female native speaker of Hong Kong
Cantonese produced all the stimuli. The recording
was carried out in a quiet room. The speaker read a
randomized list of words embedded in a carrier
phrase ngo5duk6_ zi6 “I read the word___” three
times at a normal speech rate. The carrier sentence
was selected to avoid the final lengthening effect on
the tone stimuli. Tone sandhi does not apply in this
sentence. The recording was done directly on disk
using a sampling rate of 44.1 kHz. Three repetitions
of each target tone carried by each syllable were
excised, which resulted in 24 tokens (4 tones × 2
syllables × 3 repetitions) in total. Intensity of all the
stimuli was normalized at 70 dB. Duration of the
stimuli was normalized within each syllable by using
the average values of [jɐu] (345 ms) and [se] (488
ms), respectively.
Four tones (T1, T2, T3, T6) were chosen from
the six Cantonese tones as our target stimuli. The
other two tones (T4 and T5) were excluded because
they are often confused with other tones even by
native listeners [9]. Ten temporally equidistant F0
measurements were taken for each stimulus using
ProsodyPro [13] and averaged across tokens, as
shown in Figure 1.
In order to test listeners' sensitivity to F0 height
and F0 direction, the four tones (T1, T2, T3, T6)
were then paired into four tonal contrasts; two
pairings were level-level (T1-T6, T3-T6) and the
other two were contour-level (T2-T1, T2-T6). The
level-level tone pairs in which two tones in each pair
differ in F0 height were used to test listeners'
sensitivity to F0 height. While T1-T6 has a larger
acoustic difference (55 Hz) in F0 height, T3-T6 has
a smaller acoustic difference (19 Hz). Hence, T1-T6
and T3-T6 are acoustically easy and hard level-level
tone pairs, respectively. The contour-level tone pairs
in which two tones in each pair differ primarily in
F0 direction were used to assess listeners' use of F0
direction. While T2-T1 has a larger acoustic
difference (62 Hz), T2-T6 has a smaller acoustic

difference (7 Hz). Hence, T2-T1 and T2-T6 are
acoustically easy and hard contour-level tone pairs,
respectively.
Figure 1: F0 measurements of our stimuli collapsed
across tokens and syllables.
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used to collect information about the participants’
language backgrounds. They reported normal
hearing and no history of speech or language
disorders. The English-speaking L2 learners of
Mandarin and the English monolinguals did not
differ in their musical experience. All participants
were paid for their participation in the experiment.
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2.3. Procedures

An AX forced-choice tone discrimination task was
conducted for the three groups of listeners. Two
types of tone pairs were used as stimuli, AA pairs
(pairs with the same tone) as fillers and AB pairs
(pairs with different tones) as target stimuli. In total,
144 AB pairs (4 pairs × 2 orders × 2 syllables × 3
tokens× 3 tokens) and 144 AA pairs (4 pairs × 2
syllables × 3 tokens × 3 tokens × 2 repetitions) were
created, respectively, to counterbalance the number
of targets and fillers. The presentation order of each
AB pair was also counter-balanced. The stimuli
were presented in random order to the participants.
The stimuli were presented to participants via
stereo headphones with the volume adjusted to a
comfortable level. The participants were told that
they would hear pairs of sounds from a new
language that they were not familiar with. Their task
was to judge whether the two tones in each pair were
“the same” or “different” as quickly and accurately
as possible by pressing one of two buttons, labelled
“same” or “different”, respectively, on the keyboard.
The experiment was conducted using Paradigm
software. The inter-stimulus interval (ISI) was 500
ms to induce a phonetic mode of processing. Invalid
responses were excluded from analysis. The
instructions were given orally as well as displayed
visually on a computer screen before the test. No
feedback was given. Before the actual experiment,
the participants familiarized themselves with 12
practice trials randomly selected from the test
stimuli.
2.4. Data analysis

Logit mixed-effects models were conducted on the
participants’ accuracy. The models were fitted in R,
using the lmer( ) function from the lme4 package for
mixed-effects models [1].

3. RESULTS
3.1. Contour-Level vs. Level-Level tone pairs

Accuracy of the three groups in discriminating
contour-level and level-level tone pairs is illustrated
in Figure 2.
A first logit mixed-effects model, focusing on the
L2 learners, was conducted on the participants’
accuracy. The results, as illustrated in Table 1,
showed a significant Tone pair type x Group
interaction for both the English group and the
Mandarin group. This indicates that the L2 learners
differed from the English and the Mandarin listeners
in their discrimination of contour-level and levellevel tone pairs. Post-hoc analysis showed that the
L2 learners were better than English listeners
[z(2918)=12.4, p<.001] and Mandarin listeners
[z(2918)=4.6, p<.001] at using F0 direction to
perceive the contour-level tone pairs. They also did

better than English listeners [z(2904)=10.4, p<.001]
and Mandarin listeners [z(2904)=13.9, p<.001] at
using F0 height to perceive the level-level tone pairs.
Figure 2: Discrimination accuracy (and standard
errors) of Contour-Level vs. Level-Level tone pairs by
monolingual English listeners, L2 learners of
Mandarin and monolingual Mandarin listeners.
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A first model analyzed the accuracy of each of
the three groups in perceiving contour-level vs.
level-level tone pairs, respectively, with Tone pair
(contour-level vs. level-level), Group (L2 Learners
vs. English monolinguals and Mandarin listeners),
and the interaction between the two as fixed
variables. In this model, the contour-level tone pairs
and the L2 learners group were used as baselines. A
second model analyzed only the two monolingual
groups’ accuracies, with Group (English vs.
Mandarin) as a fixed variable. The baseline for
Group was English.
A third model analyzed the accuracy of each of
the three groups in perceiving the two different
contour-level tone pairs, with Tone pair (T2-T1 vs.
T2-T6), Group (L2 Learners vs. English
monolinguals and Mandarin listeners), and the
interaction between the two as fixed variables. In
this model, T2-T1 and the L2 learners group were
used as baselines. A fourth model analyzed only the
two monolingual groups’ accuracies, with Group
(English vs. Mandarin) as a fixed variable. The
baseline for Group was English. A fifth model
analyzed the accuracy of each of the three groups in
perceiving the two different level-level tone pairs,
with Tone pair (T1-T6 vs. T3-T6), Group (L2
Learners vs. English monolingual and Mandarin
monolingual), and the interaction between the two as
fixed variables. In this model, T1-T3 and the L2
learners group were used as baselines. A sixth model
analyzed only the two monolingual groups’
accuracies, with Group (English vs. Mandarin) as a
fixed variable. The baseline for Group was English.
In all the models, participant and item were
crossed random variables.
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A second logit mixed-effects model, focusing on
the two monolingual groups, also showed a
significant Tone pair type x Group interaction for
the Mandarin listeners. Post-hoc analysis showed
that between the two groups, the Mandarin listeners
did better [z(1844)=9.2, p<.001] at using F0
direction to distinguish contour-level tone pairs
while the English listeners did better [z(1830)=4.3,
p<.001] at using F0 height to distinguish level-level
tone pairs.
Table 1: Logit mixed-effects models on all
participants’ overall accuracy.

L2 learners' data (df=6125)
Variable
Est. SE
z

p

Group (E)

–1.9

0.15

–13

<.001

Group (M)

–0.8

0.17

–5

<.001

Tone Pair Type

–0.6

0.17

–4

<.001

Group (E) x Tone Pair Type

0.6

0.20

3

.002

Group (M) x Tone Pair Type

–1.0

0.21

–5

<.001

English vs. Mandarin (df=3977)
Variable
Est. SE
z
Group

p

1.2

0.12

9.2

<.001

Tone Pair Type

–0.1

0.10

–0.4

<.001

Group x Tone Pair Type

–1.6

0.16

–9.9

<.001

3.2. Individual tone pairs

Given the acoustically easy versus hard tone pairs,
each tone pair was analyzed separately for each
group, as illustrated in Figure 3.

Figure 3: Discrimination accuracy (and standard
errors) of the four tone pairs for English monolinguals,
L2 learners of Mandarin and Mandarin listeners.
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A third logit mixed-effects model was conducted
on the participants’ accuracy on the two contourlevel tone pairs. The results showed a significant
effect of Tone pair [z(3018)=-3.9, p<.001], but no
significant Tone pair x Group interaction was found.
Similarly, a fourth logit mixed-effects model,
focusing on the two monolingual groups, showed a
significant effect of Tone pair [z(1844) =-6.5,
p<.001], but no significant Tone pair x Group
interaction was found. This indicates that T2-T1 was
perceived more accurately than T2-T6 by all three
groups, and the groups did not differ in their
discrimination of the two contour-level tone pairs.
A fifth logit mixed-effects model was conducted
on the participants’ accuracy on the two level-level
tone pairs. The results showed a significant effect of
Tone pair [z(2904) =-3.0, p=.003], but no significant
Tone pair x Group interaction was found. A sixth
logit mixed-effects model, focusing on the two
monolingual groups, showed a significant effect of
Tone pair [z(1830) =-4.3, p<.001], as well as a
significant Tone pair x Group interaction [z(1830) =2.1, p=.04]. The results showed that L2 learners of
Mandarin did not differ from the other two groups in
their discrimination of the two level-level tone pairs.
Although the English and Mandarin listeners
differed regarding the two level-level tone pairs, a
post-hoc analysis showed that both the English
group [z(771)=-4.8, p<.001] and the Mandarin group
[z(765)=-8.3, p< 001] showed a significant effect of
Tone pair. This indicates that T1-T6 was perceived
more accurately than T3-T6 by all the groups.
4. DISCUSSION
This study investigated how linguistic experience
and acoustic factors affect perception of L3 tones.
Overall, our results showed that both factors had an
impact on the perception of L3 tones.

In terms of linguistic experience, we found that
L2 experience did modulate listeners' use of F0 cues
in the perception of L3 tones. Our results showed
that the L2 learners had a pattern which was
different from either that of the English
monolinguals or Mandarin listeners in their
discrimination of Cantonese tones. The L2 learners
performed better than the English monolinguals and
Mandarin listeners at discriminating the contourlevel tone pairs. This suggests that L2 experience
increased L2 learners' sensitivity to F0 direction in
the perception of L3 tones. Additionally, the results
showed that the L2 learners, like the English
monolinguals, were better than the Mandarin
listeners in using F0 height to discriminate the levellevel tone pairs. This suggests that L1 experience
still played a role. Thus L2 influence did not
override the L1 influence in the perception of L3
tones.
In terms of acoustics, we found that all listeners
showed higher accuracy on acoustically easy pairs
than acoustically hard pairs within the level-level as
well as contour-level tone pairs. This suggests that
acoustic properties of the tonal stimuli affected
listeners’ perception regardless of their language
backgrounds. Because the acoustically easy versus
hard pair within each comparison in our study is
based on F0 height differences, it would be
interesting to include an easy versus hard pair
involving contour differences (e.g., big rise-level vs.
small rise-level) to explore speaker group and tone
pair interactions in a further study.
Overall, the present study found the effect of L2
influence given the similarity between L2 and L3 in
terms of lexical tones. Converging with studies of
L3 morpho-syntax acquisition [e.g., 12], our study
contributes to the fields of both L2 and L3
acquisition by providing evidence supporting the
influence of L2 on the acquisition of L3 in the
speech domain.
5. CONCLUSION
Both linguistic experience and acoustic factors were
found to affect the perception of L3 tones in this
study. First, the acoustics of the tones affected all
listeners' discrimination. Second, in the perception
of Cantonese tones, the L2 learners of Mandarin
showed a pattern different from either that of
English monolinguals or Mandarin listeners in their
discrimination of contour-level and level-level tone
pairs. Hence, L2 experience as well as L1
experience was found to modulate perception of L3
tones.
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