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Abstract
The perception of lexical tones is a well-known challenge for
L2 learners especially in continuous speech where the tonal
variations are complicated. To investigate whether the stress,
by affecting the acoustic manifestations of tones, has an effect
on Mandarin tonal perception for L2 learners, we carried out a
perceptual experiment based on the Annotated Speech Corpus
of Chinese Discourse with 25 native Spanish-speaking
participants. The results indicate that: the perceptual accuracy
of stressed tones is significantly higher than that of the
unstressed ones in general; T3 is the most difficult one to be
perceived among the four Mandarin tones (T1-T4) in both
stressed and unstressed syllables, and presumably the Spanish-
speaking learners’ perceptual order of Mandarin tones is T4-
T1-T2-T3; the significant interactive effect found between
tone and tonal context in continuous speech may lead to great
confusion of tonal perception, especially when T2 and T3 are
adjacent with one another.
Index Terms: tonal perception, stress, Spanish-speaking
learners, continuous speech

1. Introduction
The perception of Mandarin lexical tones for L2 learners has
been a focal topic of much discussion and exploration. By
employing monosyllabic/disyllabic words, and/or nonsense bi-
tonal sequences, or synthetic tonal continua, previous studies
have examined Mandarin Chinese tonal perception with L2
learners of various L1 backgrounds, including English [1, 2],
French [3], Korean [4, 5], Japanese [6, 7], Hungarian [8],
Spanish [9], etc. The results have shown that: a) L2 learners
whose L1 is a tone language have performed better in the
categorical perception of Mandarin tones than those whose L1
is non-tonal, which indicates a positive effect of L1 transfer; b)
regarding the tonal perceptual difficulties in disyllabic words,
the average error rates of preceding tones were reported
significantly higher than those of the succeeding tones; L2
learners with non-tonal L1 pay more attention to the features
of tones associated with the second syllables rather than the
first in disyllabic words [10]; c) among the four lexical tones
in Mandarin (see Table 1), the confusion of T2/R tone and
T3/L tone was commonly observed [4, 6, 7, 11], basically
across all L1 backgrounds; the L2 learners were found to hold
a continuous but not categorical perception pattern in
discriminating between the synthetic stimuli of a R-L tone
continuum; d) the acoustic cues of tonal perception rest on the
tone register, pitch range and pitch contour, which are
basically F0 related parameters [1, 4, 9, 11, 12].

Table 1: Four lexical tones in Mandarin Chinese.

Tonal category Phonological description
Tone 1 (T1) or H tone (H) High level
Tone 2 (T2) or R tone (R) (mid) Rising
Tone 3 (T3) or L tone (L) Low dipping
Tone 4 (T4) or F tone (F) (high) Falling
The previous studies have revealed a tendency and some

mechanisms of Mandarin tonal perception for L2 learners and
at the same time aroused new questions.
First, given that the primary acoustic cues for L2 learners’

perception of Mandarin lexical tones are F0 related, the stress
that is mainly manifested by F0 may exert impact upon the
tonal perception of L2 learners. Stress will make the high
target of Mandarin tones higher, low target lower and the pitch
range extended [13, 14]. Then, by sharing the acoustic
representation with tones and bringing about tonal variations,
whether and/or how stress will affect L2 learners’ perception
of Mandarin lexical tones required to be further investigated.
Second, if the variations of F0 contour affect L2 learners’

tonal perception or even lead to confusions of specific tones,
as introduced above, it is hard to ignore the possible influences
of tonal context that has been found to cause considerable
variations of tones by the carryover and anticipatory effects
[15, 16, 17]. Besides, to examine the interaction between
stress and tonal context is helpful for further understanding
and explaining L2 learners’ perceptual difficulties and
confusions.

These unsolved issues of tonal perception of L2 learners
need to be addressed and further explored.

2. Methods

2.1. Material

In earlier studies on Mandarin tonal perception, specially
designated disyllabic words were often used as materials. On
the one hand, it is convenient for controlling irrelevant factors
and explaining the results; on the other hand, the isolated
disyllabic words might cover the complexity of the issue and
have only limited explanatory power in the continuous speech.
The present study has therefore selected materials from a
discourse corpus, i.e. the Annotated Speech Corpus of Chinese
Discourse (ASCCD) [18], in which 18 passages (8762
syllables) were read at normal speech rate. To maintain
relatively complete syntactic and semantic structures, we
chose phrases or clauses with the designated target bi-tonal
combinations consisting of one stressed syllable and a
succeeding unstressed syllable as perceptual materials.
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The factors considered in the experiment were lexical
tones, tonal context, stress, break, intonation, length of stimuli
and the gender of speakers. Among these, only the former
three factors were under direct scrutiny. The control of the
other four factors was done by keeping their variations to a
minimum. To control the effect of break, phrases or clauses
within one prosodic phrase were selected; To control
intonation, only declaratives were used; To control the length
of stimuli, each stimulus involved no more than seven
syllables to avoid memory and processing overload for L2
learners; To control the effect of gender, female and male
speakers’ materials each took up 50%.

The factors under direct scrutiny were systematically
manipulated. The stimuli involve all 16 possible disyllabic
tonal combinations (4×4) of the four Mandarin tones (see
Table 1). In the bi-tonal combinations, the first syllable is
stressed and the second one is unstressed. The material-
selection step was based on the segmentation of syllables and
annotation of tones, stress and break index in ASCCD (as
illustrated in Figure 1) and done through a set of Perl
programs written for the current study.

Figure 1: Illustration of the annotation in ASCCD. The
numbers in PY tier refer to Mandarin tone types (T1-T4); the
number 3 in BI and ST tier refers to the prosodic phrase and
the highest stressed syllable respectively. The selected two

syllables exemplify a target bi-tonal combination of T2T4 (RF).
The total number of stimuli was: 4 (1st stressed syllable

with four tones) ×4 (2nd unstressed syllable with four tones)
×5 (different bi-tonal combinations) ×4 (repetition) =320.

2.2. Participants

The effect of stress on Mandarin tonal perception, if any, is
probably easier to be tested on L2 learners whose L1 is a
stress language, such as Spanish. In this study, 25 native
Spanish-speaking participants were recruited from the learners
of Mandarin open online course, including 20 Ecuadorians, 2
Colombians and 3 Bolivians. All of them have self-reported
normal hearing and studied Chinese for about two months (the
first month focused on alphabets and tones).

2.3. Procedure

The experiment was conducted online through synchronous
sound and screen sharing via “Tencent meeting”. The stimuli
were arranged randomly in Praat with 5 seconds interval
between each two of them. The participants’ task was to listen
and make choice (one out of four) for each tone of the target
bi-tonal combinations, and then submit their answers online.

2.3.1. Pilot test

A pilot study with 5 Ecuadorian learners showed that all
the target disyllabic words/phrases have not been studied yet
by the participants of elementary Chinese level. The result
perfectly meets the requirement of this study that the
participants’ identification of tones depends exclusively on

their tonal perception rather than their knowledge of the words
learned. Other feedback received in the interviews after the
pilot test includes: a) the one-hour-task makes the participants
feel “sort of exhausted and hard to stay focused throughout
the test”, b) the speech rate in ASCCD that is considered
“normal” for native Chinese speakers was “too fast to follow”
for elementary L2 learners. Accordingly, we reduced stimuli
for each bi-tonal combinations from 5 to 3 and cut the total
number of stimuli down to 192 in the formal test; the speech
was lengthened (with the factor of 1.2) in Praat [19] to make it
slower while maintaining its naturalness. The texts of 3 stimuli
and response choices for HH (T1T1) are shown in Figure 2 as
an example of 16 tonal pairs.

Figure 2: Texts of 3 stimuli and response choices for HH. The
syllables of target bi-tonal sequences are highlighted in gray.

2.3.2. Test

Twenty learners participated in the formal test. Among them,
data from 3 participants were excluded because of incomplete
submission. The results of 17 participants were analyzed.

3. Results
The perceptual accuracy of stressed and unstressed Mandarin
tones in various tonal contexts are shown as follows.

3.1. The perceptual accuracy of stressed and unstressed
lexical tones in continuous speech.

As demonstrated in Figure 3, the average perceptual accuracy
of stressed tones is higher than the unstressed ones. The
general tendency has been observed in H, R and L tones, but
not in F tone. The perceptual accuracy of the unstressed F tone
is slightly higher than that of the stressed ones.

Figure 3: Perceptual accuracy of stressed and unstressed
Mandarin lexical tones.

3.2. The perceptual accuracy of four Mandarin tones.

Figure 3 also shows the difference of perceptual results among
the four tones. More than 50% of H, R and F tones, on average,
have been perceived correctly while the perceptual accuracy
for L tone is less than 40%, which is distinctly lower than
other three tones in both stressed and unstressed syllables.
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3.3. The perceptual accuracy of the Mandarin tones in
various tonal contexts.

To examine the influence of various tonal contexts on the
perception of Mandarin tones, we have calculated the tonal
perceptual accuracy in each of the 16 bi-tonal combinations,
as presented in Table 2.

Table 2: Perceptual accuracy of Mandarin tones in
various tonal contexts.

Target
stressed tones

Succeeding tones
H R L F

H 55% 63% 63% 53%
R 55% 59% 59% 65%
L 55% 33% 37% 33%
F 61% 35% 55% 57%

Target
unstressed tones

Preceding tones
H R L F

H 51% 47% 45% 61%
R 69% 55% 27% 33%
L 49% 10% 31% 33%
F 47% 61% 59% 55%

The perceptual accuracy of the L tone, in most of the tonal
contexts, is lower than 40% (highlighted in gray), which is
consistent with what we have seen in Figure 3. Besides, the
perceptual accuracy of the stressed F tone succeeded by the R
tone, and unstressed R tone preceded by the L and F tone are
also found to be lower than 40%.

3.4. Significance test of difference

We have performed Three-factor repeated-measures analysis
of variance (RMANOVA) on perceptual accuracy with stress
(stressed and unstressed), tone (H, R, L and F) and tonal
contexts (adjacent with H, R, L and F) as the independent
variables. The results are shown in Table 3. S, T and C refer to
stress, tone and (tonal) context respectively.

Table 3: The results of the three-factor RMANOVA.
Factor df F Sig. Factor df F Sig.

S 1 15.04 .001 S*T 3 1.84 .186
T 3 7.12 .004 S*C 3 1.71 .211
C 3 2.49 .103 T*C 9 3.40 .049

S*T*C 9 10.53 .101
It is revealed that the main effects of stress and tone as

well as the interactive effect of tone and tonal context are
significant at 0.01 or 0.05 level (highlighted in gray). Post-hoc
multiple comparison conducted for the factor of tone (df > 1)
indicates that, the significant difference is only found between
L tone and the other tones (H, R, F >L, p < .001) while the
difference among H, R and F tones are not statistically
significant. Simple effect analysis on the interactive effect of
T*C, as depicted in Figure 4, illustrates that: a) for H tone, the
effect of tonal context is slight; b) for R tone, the perceptual
accuracy is the highest when it is adjacent to H tone and the
lowest with L tone; c) for L tone, the perceptual accuracy is
the highest when it is adjacent with H tone and the lowest with
R tone; and d) for F tone adjacent to R tone, the perceptual
accuracy is distinctively lower than that in other tonal contexts.

To sum up, the statistical results demonstrate that the
perceptual accuracy between the stressed and unstressed tones
in continuous speech is significantly different; the Spanish-
speaking learners’ performances in the perception of H, R and
F tones are significantly better than those of L tone; the lowest

perceptual accuracy of L tone and that of R tone is observed
when they are adjacent with one another.

Figure 4: Simple effect analysis on T*C.

4. Discussion

4.1. Spanish-speaking learners’ perceptual accuracy of
stressed tones is significantly higher than that of the
unstressed tones in continuous speech.

4.1.1. The perceptual difference between stressed and
unstressed tones is attributable to the teaching method of
tones and the acoustic manifestation of stress.

For the L2 beginners, the lexical tones are primarily taught in
monosyllables in which the acoustic feature of tones are
realized completely with canonical F0 forms. When it comes
to the continuous speech, the realization of tones will be
varied under the influence of adjacent tones and global
prosodic events such as stress, break, intonation, etc.
According to the model of prosodic strength [20, 21], the
stressed tones that produced with big articulatory efforts are
more likely to fully realize their pitch targets. In other words,
the acoustic manifestation of stressed tones are approximate to
that of the monosyllabic tones which are more likely to be
perceived correctly. However, tones associated with syllables
in weak prosodic positions, i.e. unstressed tones produced with
less articulatory efforts, can be commonly seen deviated or
even distorted from their target form [22, 23, 24]. The
deformation of unstressed tones in continuous speech may
cause perceptual difficulties for L2 learners.

4.1.2. The perceptual result of F tone might be ascribed to
the positive L1 transfer and the influence of tonal context.

Although the perceptual accuracy of stressed F tones reached
an average of all stressed tones, the result of the unstressed F
tones is better (see Figure 3). The learners’ performance on F
tone might be affected by their L1 which is a stress language.
It is found that the acoustic realization of Spanish lexical
stress is similar to that of the Mandarin F tone: both lead F0 to
a peak and then fall [9]. Hence, the F tone is probably easier
for Spanish-speaking learners to perceive based on the theory
of L1 transfer [25, 26], even when it is unstressed.

For the stressed F tones, the perceptual accuracy is
distinctively lower when it is succeeded by R tone (35%, see
Table 2.) Interestingly, an earlier study conducted on ASCCD
has shown that in more than 90% of FR combinations, the
valley of F tones (i.e. the lowest point of F0) delay to the
syllables of the following R tones; while the percentage as
well as the distance and the magnitude of valley delay, are
much lower for the F tone succeeded by the other tones [27].
The falling target of a stressed F tone in FR is far from being
realized since the falling range is remarkably decreased. The
phenomenon of valley delay, as one of the acoustic
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manifestations of anticipatory effect [16], may explain the
perceptual result of the F tone in FR, which lowered the
average perceptual accuracy of stressed F tones.

4.1.3. Comparison of the current and earlier studies

The perceptual accuracy of stressed tones, as discussed above,
is significantly higher than that of the following unstressed
tones in general. Unlike what we have observed, the previous
studies with Mandarin disyllabic words on Spanish, Hungarian,
Swedish and Indonesian learners [8-10], have shown that the
average error rates of preceding tones were significantly
higher than those of the following tones; and it is argued that
L2 learners pay more attention to the second tone but not the
first in Mandarin bi-tonal combinations.

What is worth noting is that the stress in most of the
Mandarin disyllabic words is found to be associated with the
second rather than the first syllable [28, 29]. We therefore
assume that it is stress, rather than the position of a syllable in
disyllabic words, that exerts underlying influence upon the
tonal perception of L2 learners. Without examining the effect
of stress, the earlier studies that seem to explained the data of
isolated disyllabic words have limited explanatory power in
the continuous speech and might obscure the nature of the
issue. By taking the effect of stress into consideration, the
results of current and earlier studies, albeit seemingly to be
contradictory, can be explained in a consistent way.

Based on the findings of the present study that the
unstressed tones are more difficult to be perceived accurately,
and the fact that they are not rare in both spontaneous and read
speech [20, 21], we suggest the L2 teachers and learners of
tone languages to pay more attention to the unstressed tones
and the influence of different stress patterns on tones.

4.2. The difference of Spanish-speaking learners’
perceptual accuracy of the four Mandarin tones.

The perceptual accuracy of L tone is significantly lower than
that of the other three tones in both stressed and unstressed
syllables, as demonstrated in 3.2 and 3.4. Mandarin L tone
was well discussed for its instability [30-34]. To be more
specific, the L tone associated with a monosyllable or
appearing at the end of an utterance is considered as a low-
dipping tone; the L tone precedes another L tone will be
turned into a R tone; the L tone preceding tones other than L
tone will be turned into a low-falling or a low-level tone with
a creaky voice occasionally. Due to its complexity, the fact
that the L tone has long been regarded as the most difficult
one among the four Mandarin tones [35] explains its lower
perceptual accuracy observed in this study.

As discussed in 4.1.2, the perception of F tone is easier for
Spanish-speaking learners because of the positive L1 transfer.
It is in agreement with the previous studies on Mandarin
disyllabic words with learners whose L1 is stress languages
such as Spanish and Hungarian [8, 9]. The perceptual
accuracy for H tone is comparatively high and barely affected
by the tonal context; while for a R tone adjacent with L and F
tones (see Table 2 and Figure 4), it is lowered. According to
Krashen’s “Natural Order Hypothesis”, L2 learners may
follow a particular order that they initially acquire some items
before others [36]. Given the above, the Spanish-speaking
learners’ natural perceptual order of the four Mandarin lexical
tones (from easy to difficult) presumably is F-H-R-L. This
order is basically identical with the teaching order of
Mandarin tones (H/F-R-L) proposed by Chao and Wang on

the basis of their teaching and research experiences [37, 38].
The only difference is that, in this study, F tone is given more
priorities than H tone for Spanish-speaking learners.

4.3. The interactive effect of tone and tonal context on the
Spanish-speaking learners’ perception of Mandarin tones.

The interactive effect of tone and tonal context are significant
at 0.05 level (see Table 3); the perceptual accuracy of L tone is
the lowest when it is adjacent to R tone, and vice versa (see
Figure 4). For L2 learners, the confusion of Mandarin R tone
and L tone is widely reported in both speech perception and
production, basically across all L1 backgrounds; the L2
learners are found to hold a continuous rather than categorical
perception pattern in discriminating the synthetic R-L tone
continuum [4, 6, 7, 11, 12]. The confusion of R tone and L
tone might lead to the higher error rates when they are
adjacent with one another.

The FR pair is also worth noting, since the perceptual
accuracy of both stressed F tone and unstressed R tone in the
combination was observed to be low (see Table 2). The
anticipatory effect, or valley delay specifically, might explain
for the perception of F tone in FR, as we discussed in 4.1.2;
while the carryover effect, or down-step specifically, might
explain for that of R tone. Downstep refers to the phenomenon
that in a pitch sequence of HLH, the F0 height of the second H
under influence of L is presumably lower than that of the first
H. It has been found in many languages including African tone
languages [39, 40], English [41], Mandarin [42], Spanish [43],
etc. In the FR that contains a pitch sequence of HLLH, the
high offset of R tone is lowered with the effect of downstep,
i.e the rising target of R tone is uncompleted, which makes it
more difficult to be identified by L2 learners.

5. Conclusions
The present study examined the effect of stress on Mandarin
tonal perception in continuous speech for Spanish-speaking
learners. The results have shown that stress exerts significant
effect on the perception of Mandarin lexical tones; L tone is
the most difficult one to be perceived among four Mandarin
tones, and the Spanish-speaking learners’ natural perceptual
order of Mandarin tones is assumed to be F-H-R-L; the
significant interactive effect between tone and tonal context on
tonal perception may lead to great confusion, especially when
the L tone and R tone are adjacent with one another.

The findings have suggested that the effect of stress on L2
learners’ perception of lexical tones needs to be taken into
serious consideration in both teaching and conducting
researches of tone languages. The findings of this study need
to be tested with more L2 learners of diverse L1 backgrounds
as well as in different tone languages. It also awaits further
study upon how the interactions between stress and the other
prosodic events such as break and intonation exert influences
on L2 learners’ tonal perception in continuous speech.
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