Mandarin Tone 2/3 confusion revisited
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Abstract

It is almost common knowledge that Mandarin Tone 3,
especially in its citation form, is easily confused with Tone 2.
But a review of the literature shows that the origin of this
knowledge lies entirely in a single early study. In the present
study, we recorded monosyllabic Mandarin words in all four
tones either in isolation or in short lists. Acoustic analysis
showed that isolated Tone 3 syllables mostly had fall-rise pitch
contours, while those in lists often had low-fall contours. Also,
the likelihood of Tone 3 showing fall-rise contours is associated
with longer durations. A perception experiment with native
Mandarin listeners further found that there was no more
confusion between Tone 2 and Tone 3 than between any other
two tones when the original syllable duration remained intact.
When syllable duration was time-normalized, Tone 2 and Tone
3 indeed became more confusable. The finding may also raise
questions about the nature of categorical perception, as
naturally produced speech utterances may already consist of
clearly separated phonetic categories, rather than being
transformed into categories by speech perception from purely
gradient phonetic variants. This is further supported by a corpus
analysis, which showed that in pre-pausal positions virtually all
occurrences of Tone 3 are of the low-fall variant with a short
duration.

Index Terms: Tone 2/3 confusion, tone perception, time-
normalization, categorical perception

1. Introduction

The earliest study reporting a high perceptual confusability of
Mandarin Tone 2 and Tone 3 is Chuang and Hiki (1972) [1].
The study recorded monosyllabic, disyllabic and trisyllabic
words produced by two male speakers and one female speaker
from Taiwan, and asked four Chinese listeners (2 males and 2
females, place of birth and childhood unspecified) to name the
tone of each syllable. For the monosyllabic words, the greatest
number of confusions were between Tone 3 and Tone 2. Since
then, no further studies have been conducted to replicate the
high Tone 2/3 confusion in isolated monosyllabic Mandarin
words by native listeners, although there are reports of high
confusions by L2 learners [2]. Chuang and Hiki also suggested
that the high confusion was due to the resemblance of pitch
patterns of Tone 2 and Tone 3 [1]. Both the reported high
confusion and the suggested likely reason have since been the
premise for many subsequent studies of tone perception, most
of which followed the categorical perception paradigm. In this
paradigm, one acoustic dimension is made into an evenly
spaced continuum, while all other acoustic aspects are kept
constant [3]. For Tone 2 and Tone 3, the common practice is to
keep the duration constant while changing fo contour into
various continua [4][5][6][7][8]. This practice, however, has
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overlooked not only the large differences in duration across the
four Mandarin tones already shown in [1], but also the fact that
Tone 3 in Mandarin has multiple allophonic variants [9]. One
of the reasons for this neglect is the unclarity about the
distribution of the Tone 3 variants and their occurrence
conditions. The present study is an examination of the relation
between syllable duration and the likelihood of the fall-rise and
low-fall variants of Tone 3 in speech production, and the effect
of syllable duration on the perceptual confusability of Tone 2
and Tone 3.

1.1. The three variants of tone 3

Of the four lexical tones in standard Mandarin Chinese, Tone 1
(high-level), Tone 2 (rise), Tone 3 (fall-rise), and Tone 4 (fall)
[9], Tone 3 exhibits the greatest degree of variability. It is
known to have at least three distinct forms: fall-rise [214], low-
fall [21], and rise [35] [9][10][11]. The rise variant is also
known as the Sandhi Tone 3 which occurs only before another
Tone 3.

The fall-rise variant of Tone 3, also known as the full or
canonical Tone 3, is its citation form. That is, it is the form
produced by native speakers when asked to say a monosyllabic
Tone 3 word in isolation [1][11][12]. The prevalence of full
Tone 3 was very high in citation forms as we found out in a
pilot test for the current study, which failed to record any low-
fall variant of Tone 3 from most speakers. This propensity is
thus part of the Tone 2/3 confusion puzzle that this study hopes
to address.

The low-fall variant of Tone 3 is the form that occurs when
the tone is followed by any tone other than another Tone 3
[91[11][12]. It may also occur in a pre-pausal position [13], but
the exact condition of its occurrence is unclear. Thus an
additional objective of this study is to identify the conditions
under which the low-fall variant of Tone 3 is likely to occur.

1.2. Distribution of Tone 3 variants as a function of syllable
duration

As observed in the classical study of Chuang and Hiki [1] as
well as subsequent studies [11][14][15][16][17], the fall-rise
variant of Tone 3 is consistently longer in duration than all other
tones. It is not clear, however, whether it is also longer than the
low-fall variant of Tone 3 in the same context. Assuming that it
is, the common practice of normalizing duration in the studies
of categorical perception of the Tone 2/3 contrast could be
problematic. This is because findings based on time-normalized
stimuli cannot be properly interpreted, given that the short tone
stimuli with rapid fall-rise contours are rarely encountered by
listeners in natural speech.

One study did take duration into consideration by directly
examining the effect of duration on the perceptual boundaries



of Tone 2 and Tone 3 [18]. They synthesized two groups of
syllables with gradiently varied fo trajectories from a
prototypical Tone 2 contour to a prototypical fall-rise variant of
Tone 3 with both short (350 ms) and long (450 ms) durations.
The results showed that the longer duration series elicited
slightly more Tone 3 responses, thus demonstrating duration as
a cue for distinguishing the two tones. However, by keeping the
fall-rise variant of Tone 3 constant across both duration
conditions, the study again leaves the perception results
uninterpretable, as the combination of short syllable with fall-
rise fo contour is again unlikely to occur in natural speech.

1.3. The present study

Given the inadequate knowledge about the true distinctiveness
of Tone 2 and Tone 3 in Mandarin as reviewed above, the
present study aims to achieve four research goals:

1. To elicit both fall-rise and low-fall variants of Tone 3 in
well-separated monosyllabic words.

2. To examine if the distribution of the two variants is related
to duration.

3. To examine the perceptual confusability of Tone 2/3 and
the effect of time-normalization on their confusion.

4. To reexamine, through a corpus analysis, the assumption
that the fall-rise variant is the default form of Tone 3 in
pre-pausal positions.

2. Methodology

2.1. Experiment 1—Production

This experiment is designed for research goals 1 and 2. The first
goal was tricky to achieve, because speakers had a strong
natural tendency to say monosyllabic Tone 3 words in the
citation form. But we eventually discovered a method that could
easily elicit both the fall-rise and low-fall variants of Tone 3 as
described next.

2.1.1 Stimuli

Two sets of minimal pairs covering the four Mandarin tones
were constructed using the syllables /pa/ and /ma/. The
selection of syllables followed two criteria:

(1) Each tone has a corresponding lexical item.
(2) All lexical items are commonly used high-frequency words.
Table 1: Stimuli of Experiment 1
Tone 1 Tone 2 Tone 3 Tone 4

/pa/ )\ (eight)y  # (pull) I (hold) & (dad)
/ma/ % (mom) R (hemp) I (horse) % (scold)

Two conditions were set in Experiment 1. In condition A, the
stimuli were randomly grouped into a list of five characters,
separated by commas. This setting was found to allow
elicitation of low-fall variants of Tone 3 separated by silent
pauses. A JavaScript displayed the stimuli on the computer
screen, repeating each syllable 5 times in blocked random order.
The order of the lists differed across the speakers. In condition
B, each syllable was presented separately on the screen, again
by a JavaScript, in a blocked random order that differed across
speakers.

2.1.2 Speakers and recording procedure

25 students and teachers (14 females and 11 males) who were
native Mandarin speakers born and raised in Beijing
participated in the recording task. They were recruited from
high schools and universities in Beijing. None of them reported
having any speech or hearing disorders.

Recording was conducted online over Zoom, with the “original
sound for musicians” option turned on. Participants were asked
to do the recordings in a small quiet room with minimal
reverberation. They were instructed to read aloud the Chinese
characters displayed on the screen at a normal speech rate. For
all speakers, the word lists (condition A) were recorded first.
There was a short break between condition A and condition B.

2.1.4 Acoustic analysis

The recordings were first segmented into a total of 2000 sound
files: 8 (syllables) x 5 (repetitions) x 2 (conditions) x 25
(speakers). These files were then annotated with ProsodyPro
[21]. The syllable boundaries were manually marked based on
the waveform, spectrogram and auditory judgment. The fo
contours were generated based on Praat’s automatic vocal pulse
marking which was manual rectified for apparent errors.
ProsodyPro then automatically extracted the following
measurements from all the labeled intervals.

1. Duration.

2. minFO0 loc ratio —The relative position of the lowest
f0 turning point, in terms of proportion to the total
duration of the interval.

2.2. Experiment 2—Perception

Experiment 2 was designed to assess the confusability of all
four Mandarin tones (research goal 3) by answering the
following questions:

1. Is there a high Tone 2/3 confusion as previously reported?
2. Does time normalization affect perceptual tone confusion?

3. Which of the two Tone 3 variants is more confusable with
Tone 2 and the other tones: fall-rise or low-fall?

2.2.1 Stimuli

From the recordings obtained in Experiment 1, 302 utterances
(75 Tone 1, 75 Tone 2, 77 Tone 3, and 75 Tone 4 samples, with
a nearly equal number of items in both syllable /pa/ and /ma/)
were randomly selected for the perception test. In addition to
the original sound files, another set was created by normalizing
all syllable durations to 350 ms with a Praat script. The
amplitude of all the samples was also normalized by peak-
scaling to 0.99 in Praat.

Tone 3 was further divided into two groups: one with low
tone 3 (21) and the other with full tone 3 (214), with nearly
equal number of items in both groups. The distinction between
the low tone 3 and full tone 3 was determined by the first two
authors based on fo contours and auditory judgments.

2.2.2 Listeners and procedure

55 native Mandarin speakers participated in the perception
experiment. All were born in northern China, speaking standard
Mandarin. They were recruited from high schools and
universities in Beijing. None of them reported any speech or
hearing disorders.



The perception test was conducted online using the ‘Homework’

function of v8.chaoxing.com (a Chinese education website used
by most Chinese university students). The participants were
presented with 302 topics and were instructed to listen to the
audio and choose the Chinese characters from the four options
provided on screen. The characters were ¥ (Tone 1), ik (Tone
2), & (Tone 3) and & (Tone 4) for syllable /ma/, and /\ (Tone
1), ¥ (Tone 2), # (Tone 3) and & (Tone 4) for syllable /pa/.
Each audio could be replayed multiple times by the listener, and
there was no time limit for finishing a trial. The topics were
presented in random order, and a different order was used for
each listener. In total, 1,6603 responses = 302 (stimuli) x 55
(participants) — 7 (topics missed by the participants) were
recorded.

2.3. Experiment 3—Corpus analysis

The corpus analysis was designed to reassess the assumption
that the fall-rise variant of Tone 3 is its default form in pre-
pausal positions [10][14]. The aim was to further broaden our
knowledge about the distribution of the fall-rise and low-fall
variants of Tone 3 given the observation of low-fall variant in
sentence-final positions [13]. The corpus used is ASCCD
(Speech Corpus of Chinese Discourse), which consists of 18
short essays read aloud by ten native speakers of Mandarin (5
females and 5 males) [20]. The corpus was phonetically and
prosodically annotated. In the experiment we first identified all
the Tone 3 syllables in pre-pausal positions, i.e., those before a
period or a comma. We then measured their durations and
analyzed their fo contours to determine whether they belong to
the fall-rise or low-fall variant of Tone 3.

3. Results

3.1. Distribution of fall-rise and low-fall variants of Tone 3
and their relation to syllable duration

From Experiment 1, we were able to elicit many tokens of the
low-fall variants of Tone 3 in the list condition as illustrated in
Figure 1 left, together with many fall-rise variants (Figure 1
right).

Figure 1: lllustration of the low-fall and fall-rise
variants of Tone 3. Left: 26 contours with short
durations (<250 ms). Right: 30 contours with long
durations (>400ms).

To see if there is a relation between syllable duration and the
likelihood of a fall-rise pattern in tone 3, Figure 2 shows a
scatter plot of minF0_loc_ratio—low fo turning point relative to
the syllable interval, as a function of syllable duration. A
negative relation between syllable duration and the low turning
point can be seen. That is, the longer the syllable, the earlier the
low fo turning point relative to the full interval of the syllable.

There is a concentration of points with a minF0_loc ratio
of 1, which are from tokens where fo minima were detected
exactly at the end of the syllable. This cluster may have biased
the relation represented by the regression line. To reduce the

bias, data points with minFO loc ratio = 1 were excluded in
Figure 3.
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Figure 2: Scatter plot of location of low fo turning
point relative to syllable onset as a function of syllable
duration.
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Figure 3: Scatter plot of low fo turning point location
relative to syllable interval as a function of syllable
duration, without points where minF'0_loc_ratio = 1.

A Spearman's rank correlation analysis was done to examine
the correlations between all pairs of measurements in
Experiment 1, and the results are shown in Table 2. There is a
significant negative correlation between syllable duration and
fo turning point location in both conditions (all data, no ceiling
effect controlled). That is, the longer the syllable duration, the
earlier the fo minimum is likely to occur in the syllable. This
indicates that the fall-rise variant of Tone 3 is more likely to
occur when the syllable duration is longer.

Table 2: Results of Spearman's rank correlation
Minf0_loc / duration p=-032 S=27412573 p<0.001
p=—029 S=21193568 p<0.001

minf0_loc / duration
(No ceiling effect)

3.2. Perceptual distinctness of Tone 2 vs. Tone 3 and effect
of time-normalization

Table 3 displays the confusion matrix of the four Mandarin
tones in the original duration in Experiment 2. As can be seen,
although Tone 3 has a lower overall recognition rate (89%) than
the other tones, it is the most confusable with Tone 1 (4.07%)
rather than Tone 2 (3.45%), and the confusion rate with Tone 4
(3.01%) is nearly as high. Tone 2 is more confusable with Tone
3 (1.53%) than other tones. But with its total recognition rate of
97.80%, it is hard to describe it as easily confusable with Tone
3.



Table 3: Confusion matrix (%) of Mandarin tones in the
original duration.

rceived Tone 1 Tone 2 Tone 3 Tone 4
Actual

Tone 1 98.671 0.098 0.098 1.132
Tone 2 0.334 97.799 1.531 0.334
Tone 3 4.067 3.445 89.474 3.014
Tone 4 0.404 0.354 0.008 98.434

Table 4 shows the confusion matrix of tones that have been
normalized in duration. With the time-normalization, Tone 3
had the greatest reduction in recognition rate: from 87.47% to
80.05 (Table 3 vs. Table 4), while only Tone 1 showed a slight
reduction from 98.67% to 97.22%. A one-way repeated-
measures ANOVA with one within-subject factor—showed a
significant effect of condition (Original vs. Time-normalized)
on tone recognition rate (F (1, 54) =97.22, p <0.001).

Table 4: Confusion matrix (%) of Mandarin tones in
time-normalized durations.

erceived Tonel Tone?2 Tone 3 Tone 4
Actual

Tone 1 97.221 0479 0.048 2.252
Tone 2 0.098 98.329 1.278 0.295
Tone 3 5.268 9.650 80.047 5.035
Tone 4 0.274 0.183 0.548 98.995

Table 5 shows the effect of time-normalization on the
recognition rate of Tone 2 with either the low-fall and fall-rise
variants of Tone 3. The recognition rate of the low-fall variant
was much lower (82.27%) than that of the fall-rise variant
(97.48%), indicating that it is the low-fall variant that had
contributed the most to the overall low recognition of Tone 3
relative to other tones as seen in Table 3. Also, after time-
normalization, it is the fall-rise variant of Tone 3 that reduced
its recognition rate sharply from 97.48% to 84.12%, and the
confusion is now mainly with Tone 2 (15.79%). In contrast, the
low-fall variant of Tone 3 increased its confusion mainly with
Tone 1 (10.27%) and Tone 4 (9.73%).

Table 5: Confusion matrix of Tone 3 in original or
time-normalized duration

Perceived Tonel Tone2 Tone3 Tone4

Actual

Original low-fall 7.73 4.27 82.27 573
Original fall-rise 0 2.53 9748 O
Normalized low-fall  10.27 3.82 76.18 9.73
Normalized fall-rise 0 15.79 84.12 0.096

3.3. Distribution of fall-rise and low-fall variants of Tone 3
in ASCCD corpus and their relation to syllable duration

Finally, from the corpus analysis in Experiment 3, we identified
747 Tone 3 syllables in pre-pausal positions, 403 by female
speakers and 344 by male speakers. Of the 747 tokens, only four
presented fall-rise contours, rendering a rate of occurrence of
4/747 = 0.54% for the fall-rise variant of Tone 3 in pre-pausal
positions in the corpus. The duration correlates of the Tone 3
variants are also consistent with what is found in Experiment 1.
The mean duration of all the low-fall tokens was 245.8 ms,
while that of the four fall-rising tokens was 365.3 ms. A caveat,
however, is that most of the pre-pausal Tone 3 syllables in the
corpus were not monosyllabic words, but part of disyllabic or

trisyllabic words or phrases. This makes them non-equivalent
to the monosyllabic words examined in Experiments 1 and 2.

4. Discussion and conclusion

The three experiments we have conducted were able to achieve
the four research goals stated in 1.3. First, we discovered that
by asking speakers to read aloud monosyllabic words in a list,
the low-fall variant of Tone 3 could be readily elicited. Second,
the low-fall variant of Tone 3 was associated with shorter
syllable duration, while the fall-rise variant with longer syllable
duration. Third, most significantly, Tone 2/3 confusion in the
perception of the original utterances was no higher than
confusions in any other tone pairs (Table 3); and among the two
variants, it was the low-fall one that had greater confusions with
other tones (Tone 1 and Tone 4, Table 5). Fourth, equally as
significant, time-normalization of syllable duration increased
the perceptual confusion of Tone 3 with Tone 2 (Table 4); and
this particular effect was only on the fall-rise variant of Tone 3,
while the increased confusion of the low-fall variant was with
Tone 1 and Tone 4 rather than with Tone 2. Finally, the corpus
analysis in Experiment 3 found that the fall-rise variant of Tone
3 occurred very rarely in pre-pausal positions: 4 out of 747
tokens, or 0.54%.

These results provide clear evidence, for the first time,
against the widely held assumption that Tone 2 and Tone 3 in
Mandarin are easily confusable. That assumption was based on
only one perceptual study with naturally produced
monosyllabic words in their original durations [1] which has
never been replicated. The high Tone 2/3 confusion found in
that study could be because of limited speakers (only 3) as well
as listeners (only 4 native listeners), or, more likely, that the
listening subjects were required to name the tone names, which
is more difficult than to select the words in Chinese characters
as done in the present study. Regardless of the real reason,
however, a systematic replication of the early finding has been
long overdue, and the results of the present study clearly
demonstrate that the Tone 2/3 confusion has been an
exaggeration or even a myth. This myth has been sustained or
even reinforced over the years by studies that followed the
categorical perception paradigm by using time-normalization to
overlook not only the effect of duration, but also the natural
correlation of duration with phonetically distinct variants of
Tone 3.

The questions raised by the results of the present study may
extend to the very premise of the theory of categorical
perception, namely, that speech perception is endowed with a
magical power to convert gradient acoustic variants into distinct
categories. What we have found in this study is that naturally
produced speech utterances may already be highly categorical
in their acoustic signals, or articulatorily discontinuous, as
recognized by the authors who proposed the original concept of
categorical perception [22].

Finally, the current results by no means suggest that there
is no potential difficulty in distinguishing between Tone 2 and
Tone 3. As found in multiple studies, both children and L2
learners may indeed have a harder time with these two tones
[22][24][25]. What the findings of the present study suggest is
that, by the time native speakers have become mature language
users, they are unlikely to be still struggling with the confusions
between Tone 2 and Tone 3 as assumed and sustained by
research based on the categorical perception paradigm.
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