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Abstract

This study investigates the role of visual
feedback on Mandarin speakers learning
Cantonese tones using a high-variability
perceptual learning paradigm. Thirty
Mandarin speakers participated in a two-
day experiment, completing pre-tests,
training, post-tests, and generalization tests.
Explicit (tone letters) and implicit (tone
numbers) information related to tones were
provided during training. Participants’ eye
movements were recorded during training.
The testing results showed that the
identification of Cantonese tones by
Mandarin speakers improved significantly,
demonstrating the effectiveness of the
training procedure incorporating visual
feedback. Eye-tracking data revealed that
participants spent the most time fixating on
tone letters, and their attention to these
letters increased as the training progressed.
These findings highlight the importance of
explicit visual information in auditory
perceptual learning of tones. The impact of
Mandarin tone experience on learning
Cantonese tones was also discussed.

1 Introduction

Different languages utilize acoustic cues differently.
In tonal languages, lexical tones serve to
differentiate the meanings of words. It is thus
essential for learners to learn to correctly identify
the tones from different categories to understand
the meaning of words. However, mastering novel
lexical tone categories has been found challenging
not only for nontonal speakers who have little tone
experience but also for tonal speakers whose
acoustic features of the native tones differ from that
of the novel tonal language (So & Best, 2010;
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Francis et al., 2008; Hao, 2012). Taking Mandarin
and Cantonese for example, there are four lexical
tones in Mandarin (high level tone T55, high rising
tone T35, low falling-rising tone T214, and high
falling tone T51) but six tones in Cantonese (high
level tone T55, high rising tone T25, middle level
T33, low falling tone T21, low rising tone T23, and
low level toneT22). Peng (2006) displayed the
distributions of Mandarin and Cantonese tones in a
two-dimension coordinate where the x-axis was
pitch slope while the y-axis was pitch height,
showing that the tone balloons for Mandarin tones
were compact and discretely distributed yet there
were overlaps among balloons for Cantonese tones.
Such acoustic features have led to difficulties for
Mandarin speakers to perceive Cantonese tones
(Zhang et al., 2016).

The effectiveness of perceptual learning
paradigm in tonal learning has been widely
recognized (Wang et al., 1999; Chandrasekaran et
al., 2010; Francis et al., 2008). In recent years there
has been an increasing number of studies focusing
on the role of multimodal information in auditory
perceptual learning, in which visual information
plays an important role. According to the dual-
coding theory (Paovoi, 1986) and the cognitive
theory of multimedia learning (Mayer, 2001), the
mental representation of speech sounds would
become more robust if information is presented
through both auditory and visual channels,
contributing to better learning outcomes. In terms
of tone learning, many previous studies have found
that various kinds of visual information can
facilitate learner’s ability to perceive the tones
correctly, such as real pitch contours of the tone
(Liu et al., 2011), static or dynamic pitch changes
(Wei et al., 2022; Godfroid et al., 2017; Zhen et al.,
2019), hand gestures (Morett et al., 2022; Morett &
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Chang, 2015; Baills et al., 2019), numbers (Liu et
al., 2011; Godfroid et al., 2017) and colors
(Godfroid et al., 2017). The visual facilitation
mentioned above can be divided into two kinds,
one is the explicit information that gives a direct
indication of the pitch height or direction of the
tone such as pitch contour, arrows, etc.; and the
other is implicit information that does not cue the
pitch-acoustic change of the tone but only provides
a way to label it, such as a number or a color.
Although a few studies have compared the learning
effects under different visual information aids
(Godfroid et al., 2017), it is still unclear which type
of information, namely, explicit or implicit,
learners would prefer when both are provided for
them to opt for.

Another frequently studied but unresolved issue
is the potential impact of native tone experience on
learning new tonal languages. Previous studies on
Mandarin learners' perception of Cantonese tones
have reached some consensus: after training, T55
and T21 in Cantonese are better distinguished,
while the two level tones (T22 and T33) are very
difficult to identify (Francis et al., 2008; Zhang et
al., 2008; Chang et al., 2017; Jongman et al., 2017).
However, there is disagreement regarding the
specific tone confusion patterns. Zhang et al. (2016)
found that Mandarin speakers' tone confusion
primarily occurs bidirectionally between tones
sharing a similar pitch contour, such as T22-T33
(the two level tones) and T23-T25 (both rising
tones), with little confusion among other tones. In
contrast, Francis et al. (2008) found additional
confusions mainly induced by pitch height,
including misidentifying T22 as T21 more
frequently than as T33 and confusing T23 and T21
bidirectionally. These two confusion patterns
represent different influences of native language
experience. The former suggests that confusion
occurs only along the pitch height dimension,
indicating that pitch contour might be a more
dominant cue to suppress confusion. In contrast,
the latter suggests that confusion exists along both
the pitch height and pitch contour dimensions.

Learning Cantonese tones by Mandarin speakers
provides an opportunity to explore both visual
preferences and the influence of native language on
nonnative tone acquisition. Mandarin speakers are
well experienced in learning Mandarin tones with
the aids of both explicit symbols and implicit
numbers. Starting as early as the first grade of
elementary school, Mandarin speakers have been

systematically taught Pinyin, the phonetic symbols
for Chinese characters, in which tones are named
by 1 to 4 and are depicted by contour markers
above the vowels. For instance, “ma”, “ma”, “ma”,
“ma” indicate syllable “ma” with tone 1 to 4. Such
extensive experience in using both explicit and
implicit cues may lead Mandarin speakers to have
a balanced preference for explicit and implicit
visual information when learning Cantonese tones.
Additionally, examining the confusion patterns in
Cantonese tone perception by Mandarin speakers
adds insights into how native tone language
speakers learn nonnative tones and the influence of
their native language on this process.

In this study, we adopt the high-variability
perceptual learning paradigm that provides visual
feedback to train Mandarin speakers to learn
Cantonese tones. Specifically, we provide both
explicit and implicit visual information related to
tones, and we are mainly concerned with the
following two questions: 1) whether Mandarin
speakers prefer implicit or explicit information
when they acquire new tones in another language
(i.e., Cantonese), and 2) How does their native
tonal language background influence their
acquisition of Cantonese tones?

2 Methodology

Participants

30 native Mandarin speakers (17 female, mean age
=24.3 yrs, SD = 2.13) were recruited to participate
in the experiment. All of them are college students
in Hong Kong, with no self-reported visual,
hearing, or cognitive impairment. One male
participant was left-handed. The participants
resided in Hong Kong for an average period of 9.2
months (SD = 6.10) and none of them had previous
knowledge of Cantonese. All participants signed
written consent before the experiment. The
experiment protocol was approved by the Human
Subjects Ethics Sub-committee of The Hong Kong
Polytechnic University.

Stimuli

Stimuli of this study were 24 Cantonese
monosyllables deriving from 4 carrier syllables
(/fen/, /fu/, /ji/, and /se/) x 6 Cantonese tones (T55,
T25, T33, T21, T25, and T22). All monosyllabic
stimuli involved were real words in Cantonese.
Four native Cantonese speakers (2 females) were
recruited to pronounce each word three times in a



sound-attenuated booth, rendering three tokens for
a word from one speaker. One token of each word
from two speakers (one male and one female), was
chosen as the standard sound across pretest,
training, and posttest for each subject. In the
generalization test, all three tokens per word,
produced by the other two speakers, were utilized
as stimuli to investigate the generalization of
training effects derived from limited exposure to
standard phonetic cues onto novel materials. All
stimuli were normalized to 450ms in duration and
70 dB in intensity using Praat (Boersma &
Weenink, 2024).

Experiment Procedure

The whole experiment lasted for two consecutive
days and included two sessions of Cantonese tone
training and three sessions of testing with one
conducted before the training (i.e., pre-test) and
two after the training (i.e., post-test and
generalization test). Each session of the experiment
used a block design, with blocks divided by male
and female speakers, and the order of the blocks
was counterbalanced. The training program
adopted the perceptual learning paradigm and high
variability phonetic training, with participants’ eye
movements being tracked throughout using an SR
Research EyeLink 1000 Plus sampling at 1000 Hz.
In testing phrases, tone identification task was used
to evaluate participants perceptual accuracy of the
target words. In day 1, participants completed the
pre-test and first training. In day 2, they received
the second training and attended the post- and
generalization test immediately.

The training procedure started with a context
where the sounds and corresponding Chinese
character of the syllable /se/ were presented
sequentially with the six Cantonese tones. Then the
formal training trials began, with syllables /fen/,
/fu/ and /ji/ being the target stimuli. In each trial,
participants were presented with a fixation cross
(500ms), a monosyllabic stimulus (450ms),
followed by a response screen with six options
covering all Cantone six tone categories.
Participants then made a response based on their
perception by pressing the number keys from 1 to
6 on the keyboard. After that, a blue or red cross
appeared on the screen to indicate the correctness
of their choice, with blue denoting correctness and
red denoting errors. Subsequently, a correct
information display regarding the heard sound
appeared, presenting four types of information for

three seconds (i.e., the four Areas of Interests,
AOQIs): 1) tone number, numbers from 1 to 6 which
indicate the Cantonese tone categories; 2) tone
letter, consisting of a vertical bar representing the
range of possible pitch heights and a branching bar
representing the onset and offset of pitch heights of
a tone (Chao, 1930); 3) character of the target
sound and 4) English meaning of the target sound.
The locations of AOIs were counterbalanced and
pseudo-randomized. = Before  the  training
commenced, participants were briefed on the
meanings of each type of information. Participants
were instructed that they could freely choose their
learning strategy. The two training sessions took
about 1 hour, consisting of 288 trials (3 carrier
syllables X 6 tones x 4 repetitions x 2 speakers x 2
training sessions) in total.

The procedure for the tone identification task in
the three tests was very similar to the training
process, with the main difference being that no
feedback or information was provided. Next trial
was proceeded automatically after detecting a
choice. In each test, there were 108 trials, resulting
from 3 carrier syllables x 6 tones x 3 repetitions x
2 speakers.

3 Results

Results for tone identification

Figure 1 illustrates the accuracy of the tone
identification task in pre-test, post-test and
generalization test. Accuracy results were
submitted to a two-way repeated measures analysis
of variance (ANOVA) with Test (pre-, post- and
generalization test), and Tone as the with-in subject
factors. Necessary post-hoc analyses were
conducted through Tukey method for comparing
families of multiple estimates. There were
significant main effects of 7est (F'(2,58) =215.2,p
< 0.001). Post-hoc analysis showed that the
accuracy of both post-test (72.1%) and
generalization test were significantly higher than
that of pretest (27.5%), ps < 0.001. Accuracy of
post-test was significantly higher than that of
generalization test (p = 0.04). These results showed
that participants’ perception of Cantonese tones
was greatly improved after training and the ability
to identify tones was generalized to untrained
sounds to a certain degree. The main effect of Tone
was also significant (F (5, 154) =85.64, p <0.001).
T55 is the easiest tone to be identified with the
highest overall accuracy of 79.8%. Next is T21
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Figure 1. The accuracy of tone identification task in pre-test, post-test and generalization test. (a) shows the
overall accuracy, (b) shows the accuracy of 6 Cantonese tones in three tests. The white rhombus indicates the

mean value.

a
R55 R25 R(33) R21 R23 R22
T55 83.9% 0.9% 11.3% 0.4% 0.9% 2.6%
T25 0.0% 79.6% 0.2% 2.0% 18.1% 0.0%
T33 23.9% 0.4% 63.7% 0.7% 1.5% 9.8%
T21 0.0% 0.9% 2.6% 81.7% 3.9% 10.9%
T23 0.2% 21.7% 1.5% 2.8% 72.2% 1.7%
T22 4.3% 0.7% 39.1% 2.4% 2.0% 51.5%
(b)
R55 R25 R33 R21 R23 R22
T55 83.3% 0.7% 11.3% 0.0% 0.9% 3.7%
T25 0.4% 67.3% 0.6% 2.2% 28.9% 0.6%
T33 21.1% 0.9% 58.9% 0.4% 2.0% 16.7%
T21 0.2% 1.9% 0.4% 88.0% 3.7% 5.9%
T23 0.6% 30.6% 2.0% 4.1% 60.6% 2.2%
T22 9.3% 0.2% 48.3% 1.1% 1.7% 39.4%

Table 1. Confusion matrix of tone identification for (a) post-test and (b) generalization test. The letter T
stands for the target responses and the letter R refers to the responses given by the participants.

(63.6%) and T21 (61.2%), followed by T23 (47.0%)
and T33 (45.9%), and the most difficult tone to
identify is T22, with the lowest accuracy of 34.0%.

The interaction between Test and Tone (F (10,
290) = 18.58, p < 0.001) was also significant,
suggesting that participants’ ability to correctly
identify tones improved differently depending on
the specific tone. Specifically, apart from T55
which consistently maintained a high accuracy rate
with no significant changes across the three tests,
the recognition accuracy of the other five lexical

tones in the post-test and generalization test was
significantly higher than in the pre-test (ps <0.001)
with no difference between the post-test and
generalization test (ps > 0.19). In the post-test,
there were no significant differences in accuracy
rates among T55, T25, T21, and T23. In
comparison, the accuracy rates for T22 and T33
were significantly lower (ps <0.01). By the time of
the generalization test, T55 and T21 exhibited the
highest accuracy rates, significantly surpassing
T25, T33, and T23 (ps < 0.01), with T22 showing



significantly lower accuracy compared to all other
tones (ps < 0.01).

Examination of confusion in post- and
generalization tests (Table 1) provides some
qualitative  context for interpreting tone
identification accuracy results. In both tests, T55
was also highly accurate and was only occasionally
misidentified as T33 (11.3% in both tests). For T33,
the mid-level tone, is consistently misidentified as
T55 (23.9% and 21.1% in pre-test and
generalization test) and T22 (9.8% and 16.7%
respectively) across both tests. The low-level tone
(T22) was the hardest one to identify across both
tests. It was frequently misidentified as T33 in both
tests (39.1% and 48.3% respectively) and
occasionally misidentified as T55 in generalization
test (9.3%). The high-rising tone (T25) and the
low-rising Tone (T23) were mostly confused with
each other, with a notably increasing confusion
from the post-test to the generalization test (T25
misidentified as T23: from 18.1% to 28.9%; T23
misidentified as T25: from 21.7% to 30.6%). The
only falling tone (T21) was maintained high
accuracy with minimal confusion.
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Results of fixation duration during training

To learn more about how participants allocate their
attention to the four types of information during
training, we analyzed the fixation duration of the
participants within the 3-second time window of
information display. One participant’s data was
identified as outlier and was excluded from the
analysis. Figure 2 illustrates participants’ average
fixation duration. A Kruskal-Wallis rank sum test
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Figure 2. Average fixation duration of participants
looking at the four AOIs during training.
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Figure 3. The changes in participants' fixation durations on the four types of information over the course of
training sessions. Top left panel: Tone letter; top right panel: Tone number; bottom left panel: Chinese

character; bottom right panel: English meaning.



was conducted to determine if there were
statistically significant differences in average
fixation duration across different AOIs. The results
showed a significant difference between AOIs
(*(3) = 39.85, p < 0.001), indicating that
participants paid unequal attention to different
information. To further investigate these
differences, pairwise comparisons were performed
using the Wilcoxon rank sum exact test with
Bonferroni correction for multiple comparisons.
The fixation duration of tone letter was
significantly higher than that of meaning (p = 0.04)
and tone number (p < 0.001). No significant
difference was found between fixation duration of
character and that of meaning (p = 1). Tone number
got the least attention during training (ps < 0.01)
when compared with other three types of
information.

Figure 3 illustrates the fixation patterns of
participants towards four AOIs during training. As
can be seen, participants’ attention to the tone letter
significantly increased with the increasing number
of trials (S = 0.245, #286) = 3.54, p < 0.001),
indicating that their reliance on the tone letter
enhanced as the training progressed. Participants’
attention to meaning significantly decreased along
with the increase in trials (8 = -0.2, #(286) = -3.30,
p = 0.001), while that to character and number
remained relatively stable, showing no significant
changes.

4 Discussion

In this study, we trained Mandarin speakers to learn
Cantonese tones, while recording their eye
movements during the training process. The results
showed a significant improvement in participants’
perception accuracy on Cantonese tones produced
by trained and new speakers, indicating the high-
variability training program that provided feedback
and visual indication effectively sharpened the
perception of nonnative tone in learners from tonal
language backgrounds. However, such learning
and generalization effects were not equally
manifested across all six tones, as participants, who
achieved significantly higher accuracy in
identifying T55 and T21, were relatively prone to
mutual confusion between T25 and T23, as well as
between T33 and T22. Additionally, the eye-
tracking results revealed that participants had
different preferences for different types of visual
information, they tended to focus more on tone

letters which reflected the pitch contour of tones
but less on numbers that are also frequently used in
Mandarin to refer to tone categories.

Mandarin speakers' preference for explicit
visual information when learning nonnative
tones

Contrary to our prediction that Mandarin speakers
might have balanced preference for tone letters and
numbers, we found that when given the freedom to
choose their learning strategies and allocate their
attention, Mandarin speakers spontaneously paid
the most attention to the tone letters and the least
attention to tone numbers. These results suggest
that when Mandarin speakers were newly exposed
to nonnative tones, they preferred to draw on
explicit rather than implicit visual information to
help reinforce the phonetic features of the tones and
aid speech perception.

A possible reason for this behavior is that, since
the explicit tone letters directly depict the acoustic
features of tones, Mandarin learners may find it
easier to guide top-down attention to enhance the
integration of auditory and visual cues. In contrast,
the implicit tone numbers offer limited pitch
information, which might cause extra cognitive
load to establish a correspondence between each
number and a specific tone. Given that Cantonese
has two more tones than Mandarin, this task
becomes even more challenging. Besides, due to
the robust correspondence between numbers (1 to
4) and Mandarin tones (T1[55], T2[35], T3[214],
and T4[51]) in Mandarin speakers’ memory, there
might be interference with the establishment of
new tonal categories through numbers, which
could lead Mandarin speakers to avoid relying on
numbers to learn new tones.

However, it’s essential to note that due to the
relatively short training duration in this study
(approximately 1 hour), the observed attention
patterns may only represent learners’ initial
exposure to a new tone system. It remains an open
question whether learners will allocate more
attention to other cues as training time increases.

The influence of L1 tones on the acquisition of
nonnative tones

Our findings are consistent with previous studies
(Francis et al., 2008; Zhang et al., 2016), showing
that T55 and T21 are the easiest tones for Mandarin
speakers to identify and are seldom confused with
other tones. T22 is the most difficult, while T23,



T25 and T33 are intermediate in difficulty yet
easily confused with other tones. Our confusion
pattern aligns with that of Zhang et al. (2016), with
confusion occurring mainly between T22 and T33
(the two level tones), and T23 and T25 (the two
rising tones).

Mandarin speakers, who are sensitive to pitch
slope, encounter greater confusion in
distinguishing tones sharing similar pitch
directions but varying pitch heights. As a result,
even though the pitch difference between T22 and
T21 is numerically smaller than that between T23
and T25, participants rarely confused them since
T21 is a falling tone. This may be because changes
in pitch slope are easier for Mandarin speakers to
perceive and learn than pitch height, which may be
influenced by the perception of tones in the native
Chinese language. As described earlier, the pitch
difference between the four tones of Mandarin is
large, and a more notable feature is that each tone
has a distinctive pitch contour, therefore Mandarin
subjects might rely more on the pitch contour when
perceiving tones. This view is supported by
Chandrasekaran et al. (2007), in which they
compared the differences in the acoustic
dimensions (pitch height or pitch contour) that
native Chinese speakers and native English
speakers primarily relied on when perceiving
Mandarin tones and found that for pitch contour
was much more important for Mandarin-speaking
subjects.

5 Limitation

The relatively short nature of the training
procedure remains a limitation of the current study,
which may capture long-term learning outcomes to
an limited extent. To address this problem, we are
now conducting a new experiment with an
extended training procedure in order to better
assess the retention of the training effect.

6 Conclusion

We trained Mandarin speakers to learn Cantonese
tones through perceptual learning paradigm with
visual feedback provided. Mandarin speakers'
ability to identify Cantonese tones improved
significantly after training, demonstrating the
effectiveness of visual information in auditory tone
learning. Mandarin speakers spontaneously gave
the most attention to the tone letter — the explicit
visual information during the training process. Our

results emphasized the importance of explicit
visual information in auditory perceptual learning.
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