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ABSTRACT 

Previous studies on categorical perception (CP) of 

Mandarin tones focused on rising and falling 

continua. However, the influence of tonal experience 

on the categorical perception of Mandarin Tone 2 

and Tone 3 remains unclear. By applying categorical 

perception paradigm, this study takes a further step 

to examine how L1 experience of Thai, Indonesian 

and Mandarin affect the CP along a Mandarin T2 

and T3 continuum. The results showed that the three 

L1 groups differ significantly in the positions of the 

identification boundaries and boundary widths. Only 

Mandarin listeners exhibited categorical boundaries 

while Thai and Indonesian listeners demonstrated 

only psychophysical boundaries. However, both the 

identification and discrimination curves shown by 

the Thai listeners approximated the native speakers 

more closely than that of Indonesian counterparts. 

The results further pointed out that tonal and non-

tonal L1 listeners process Mandarin tones differently 

while listeners’ tonal L1 experience can facilitate the 

perception of non-native tone. 

Keywords: categorical perception, linguistic 

boundary, psychophysical boundary, Mandarin tones 

1. INTRODUCTION 

1.1. Categorical perception  

Mandarin is regarded as one of the typical tonal 

languages in the world and the challenge for 

mastering its tonal system is well documented in 

earlier literatures [8, 11, 21].  Some researchers 

attributed the failure of tone acquisition to the lack 

of tonal experience in learners’ L1 [15, 28]. 

However, others found that the failure was due to 

the intrinsic phonetic similarity between target tone 

categories and the influence of L1 tone inventory [4, 

10, 23]. Recently, the categorical perception (CP) 

has drawn increasing attention among the cross-

language studies of Mandarin tones. In general, CP 

requires a co-occurrence of three perceptual 

characteristics: a sharp boundary between two 

categories; discrimination peaks at the category 

boundary; the observed discrimination performance 

can be predicted from the identification performance 

[18]. Like other segmental phonemes, tones must be 

phonologically categorized by listeners in order to 

achieve word recognition [5, 25]. By using rising 

and falling continua, previous studies found that 

tonal L1 listeners exhibited a higher degree of CP 

whereas non-tonal L1 listeners were able to process 

tone perception on the basis of their psychophysical 

factors only [2, 9, 17, 29].  

1.2. Current study 

Both Mandarin and Thai are tonal languages which 

utilize F0 height and pitch contour as phonetic cues 

to discriminate lexical meaning. Mandarin has four 

lexical contrastive tones while Thai has five [6, 30]. 

Although their tone inventories do not correspond to 

each other, some considerable similarities in pitch 

contour can be identified between them [12]. While 

most of the previous cross-language studies 

regarding CP of Mandarin tones focused on rising 

and falling continua [2, 9, 17, 29], the influence of 

tonal L1 experience, plus the different tone 

inventories on the CP of Mandarin T2-T3 remains 

unclear. To bridge the gaps, this study investigated 

how L1 experience of Thai (non-native tone 

speakers), Indonesian (non-tone speakers) and 

Mandarin (native speakers) affect the CP along a 

T2-T3 continuum. Given that Thai speakers can 

benefit from their L1 tonal system in the perception 

of Mandarin tones [14, 19], it is hypothesized that 

tonal L1 speakers (Thai) can perceive the continuum 

in a more categorical way, whereas the perception 

for non-tonal L1 speakers (Indonesian) might be 

more psychophysically based. 

2. METHOD 

2.1. Participants 

Altogether 18 Thai (9 male, 9 female), 18 

Indonesian (8 male, 10 female), and 18 native 

speakers of Mandarin (8 male, 10 female) 

participated in this study. The Thai and Indonesian 

participants were year one undergraduate students 

who had studied the same Mandarin program for 12 

months at Jinan University, Guangdong. The native 

Mandarin participants served as control group in this 

study. The average age of the three L1 groups was 

20.4 (SD=2.9) for Thai, 19.9 (SD=2.3) for 

Indonesian, and 26.1 (SD=3.4) for Mandarin. Noted 

that the non-native speakers were all naïve learners 
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before they had come to China. Although they had 

studied Mandarin for one year, they were far from 

being proficient in Mandarin, thus enabling us to 

observe the effects from their L1 backgrounds. They 

had no or only limited music training and reported 

no speech or hearing impairments. 

2.2. Stimuli 

Mandarin syllable /ta/ was used to construct the T2-

T3 continuum for this study. This syllable was 

chosen because its consonant, vowel, and segmental 

sequence comply with Thai and Indonesian phonetic 

systems so that can avoid the interference from 

unfamiliar segments. Wang and Li investigated how 

native speakers discriminate Mandarin T2 and T3 by 

using a T2-T3 continuum [26]. The results showed 

that under a fixed turning point condition, T2 

response rate was significantly higher than T3 when 

the ending F0 was getting higher along the 

continuum. This study replicated similar paradigm to 

investigate the influence of L1 experience on CP of 

T2-T3 continuum. 

Figure 1 shows a schematic diagram of the pitch 

contours of the 9 stimuli for the T2-T3 continuum. 

The stimuli were generated by the following 

procedures: 1) The Mandarin T2 and T3 of 

monosyllable /ta/ were first produced by a native 

female speaker in natural speech way. 2) The 

duration and the turning point of the target syllable 

were fixed to 400 ms and 150 ms respectively. 3) 

The starting, ending and turning pitch height of the 

middle stimulus (stimulus 5) were determined by the 

mean of the onset, offset and turning point F0 of the 

monosyllable /ta/ produced in T2 and T3. 4) Taking 

the stimulus 5 as anchor point, add and reduce the 

ending F0 by 6 pitch points to form other stimuli. 

The pitch-synchronous overlap and add (PSOLA) in 

Praat [1] was applied to resynthesize the stimuli. 

Figure 1: Tone contours in the T2-T3 continuum. 

 

 

 
 
 
 
 

2.3. Procedure 

A two-alternative forced choice identification test 

and an AX discrimination test were conducted in 

order to obtain the essential characteristics of CP 

(boundary position, boundary width, and 

discrimination peak) for analysis. For the 

identification test, all the 9 stimuli along the /ta/ 

continuum were repeated 3 times, yielding 27 tokens 

for each participant. The stimuli were presented in 

random order and the participants were asked to 

identify whether the stimuli were Mandarin T2 or T3. 

For the discrimination test, a total of 23 pairs were 

presented in random order with a 400ms inter-

stimulus interval (ISI). Among these pairs, 14 pairs 

consisted of two different stimuli separated by 2 

steps on the T2-T3 continuum, in either forward (1-3, 

2-4, 3-5, 4-6, etc.) or reverse order (3-1, 4-2, 5-3, 6-4, 

etc.), and 9 consisted of the stimuli of each step 

paired by itself (1-1, 2-2, 3-3, 4-4, etc). All pairs 

were presented twice, yielding 46 pairs in total. 

Participants were asked to judge whether the two 

target tones were the same or different. Instructions 

and practice trials were given before both tests. 

3. RESULTS 

Linear Mixed Model (LMM) was conducted to 

determine the effects of L1 experience on the CP 

parameters. When a main effect was significant, 

Wilcoxon signed-rank test (Bonferroni adjusted) was 

applied to make pair-wise means comparisons. 

3.1. Results of boundary position 

The CP position and width were assessed by Probit 

analyses of individual identification curves [3]. 

Table 1 summarizes the boundary position and width 

across the three L1 groups. LMM showed a 

significant main effect of L1 group (F(1, 51)=18.73, 

p<0.0001) indicating that the three L1 groups 

differed significantly in the boundary position. Pair-

wise comparisons revealed that the boundary 

position was more toward to the stimuli with higher 

ending F0 for Indonesian group than for Mandarin 

(z=-3.29, p<0.05) and Thai group (z=-3.55, 

p<0.0001) while no significant difference was found 

between Mandarin and Thai group (z=-1.02, p=0.31). 

Table 1: Derived position and width of categorical 

boundary for each L1 group. 

L1 group Boundary postion (SD) Width 

Thai 5.35 (0.67) 1.62 

Indonesian 4.35 (0.63) 2.56 

Mandarin 5.63 (0.67) 1.23 

3.2. Results of boundary width 

The boundary widths across the three L1 groups 

were depicted in Figure 2 (A-C). A similar statistical 

analysis was conducted to examine the effects of L1 

experience on the boundary width. The results 

showed that the boundary width differed 

significantly across the three L1 groups (F(2, 

51)=15.39, p<0.0001). The boundary width for 
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Mandarin group was significantly narrower than 

Thai group (z = -1.98, p < 0.05) and Indonesian 

group (z = -3.42, p < 0.05) while Thai group 

exhibited a significantly narrower boundary width 

than Indonesian group (z = -2.77, p < 0.05).  

Figures 2 (A-C): Identification (solid) and discrimination 

(dashed) curves for each L1 group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Results of discrimination test 

Figure 3 depicts the discrimination curves pooled 

across L1 groups. The overall discrimination 

accuracy was 52.2%, 48.5%, 62.4% for Thai, 

Indonesian, and Mandarin group respectively. LMM 

indicated a significant main effect of L1 on the 

overall discrimination accuracy (F(2, 51)=28.25, p < 

0.0001). Pair-wise comparisons revealed that the 

accuracy rate for the Mandarin group was 

significantly higher than that for the Thai group (z=-

3.29, p < 0.05) and Indonesian group (z=-3.7, p < 

0.0001) while no significant difference was found 

between Thai and Indonesian group. For the 

discrimination peak, the effect of L1 was not 

significant (F(2, 51)=1.35, p = 0.27), indicating that 

the discrimination peaks across the three L1 groups 

were in general the same (tone pair 4_6). However, 

significant difference in accuracy was found for this 

tone pair across the three L1 groups (F(2, 51)=23.81, 

p < 0.0001). Pair-wise comparisons indicated that 

Mandarin listeners significantly outperformed the 

Thai (z=-2.72, p<0.05) and Indonesian listeners (z=-

3.74, p<0.0001). No significant difference was 

found between Thai and Indonesian group. 

Figure 3: Two-step discrimination accuracy (%) pooled 

across the three L1 groups. 

 

 

 

 

 

 

 

 

 

4. DISCUSSION 

4.1. Position and width of category boundary  

Peng et al. reported that non-tonal L1 listeners 

appeared to have broader boundary widths than tonal 

L1 counterparts for a rising and a falling pitch 

continuum whereas no significant difference was 

found on the boundary position [17]. These results 

are partially consistent with the current findings 

which show that the tonal and non-tonal L1 listeners 

differed significantly in both boundary position and 

width. We argue that this discrepancy is due to the 

different continuum types used in the experiments. 

Studies of T2-T3 perception found that native 

speakers rely much on the initial F0 fall and the 

timing of the turning point to distinguish the two 

tones [16, 21, 22, 26, 27]. However, in this study, 

the F0 of the tonal onset and turning point were 

fixed. This might render the Mandarin and Thai 

listeners unable to utilize the initial F0 fall as 

perceptual cue for T2-T3 distinction and they might 

need more steps to identify the stimuli as T3. In 

contrast, Indonesian listeners might be more 

sensitive to the pitch height than tone register and a 

slight fall on ending F0 might lead to a T3 response 

resulting in a significantly smaller boundary position. 

This finding further suggests that tonal L1 speakers 

pay more attention to the tone register and contour, 

but non-tonal speakers rely more on pitch height [6, 

7]. 

Shen and Froud made use of a T2-T3 continuum 

to investigate CP of lexical tones by native English 

and Mandarin speakers. It was found that the 

English speakers required more steps (lower F0 for 

the turning point and end point) to make a T3 

response [20]. This result is contrary to our finding 

that the boundary position for Indonesian listeners 

(non-tonal) is more toward to T2 Tonal Variants. 

This asymmetrical finding may provide some 

insights to the influence of listeners’ L1 tone 

inventory. Although the low falling‐rising tone (213) 
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in Thai is phonologically similar to Mandarin T3, 

they differ in the pitch register at the ending part of 

the tone. Such difference in tonal registration might 

render the Thai listeners to require more steps (lower 

ending F0) to identify the Tonal Variants as T3 and 

this might address why the boundary position for 

Thai group was found to be significantly larger than 

Indonesian counterparts. This finding further 

suggests that CP of tone is shaped by the tonal 

system of listeners’ L1 [2, 9, 17, 29]. 

For the boundary width, as shown in Figure 2 (A-

C), Mandarin group’s category boundary is the 

sharpest and a clear cut can be seen between Tonal 

Variants 5 and 6, implying that their perception for 

the T2-T3 continuum was highly categorical. 

Whereas no sharp categorical boundaries were found 

on Thai and Indonesian groups, indicating that their 

perceptions were rather psychophysically based. A 

considerable amount of literature found that 

Mandarin T2 and T3 were predominantly 

misidentified as each other. Most studies attributed 

this high confusability to the similar F0 height and 

contour between the two tones [10, 13, 23]. In this 

study, the Thai and Indonesian listeners had come to 

China for only one year and it is possible that they 

were less sensitive to the subtle tonal contrasts, such 

as the degree of dipping pitch, turning point position, 

and height of pitch offset. This speculation is 

supported by the finding of the psychophysical 

boundary for the two groups. 

4.2. Discrimination curve 

In this study, although the overall discrimination 

accuracy for Mandarin group is significantly higher 

than Thai and Indonesian group, the actual value 

(62.4%) is not as high as expected. As shown in Fig. 

3, the discrimination curve reaches the peak at the 

category boundary (between the S4 and S6) while it 

is relatively flat at both ends of the curve. The 

relatively low discrimination accuracy found on 

Mandarin group can be explained by the CP 

hypothesis that native speakers were found to be less 

sensitive within a category but clearly perceive 

differences between categories [24]. 

Fig. 3 shows that the discrimination curves for 

Mandarin and Thai groups are clearly bell shaped 

with a clear discrimination peak at tone pair 4_6. 

However, for Indonesian group, the curve is rather 

flat and only two fuzzy peaks are located at tone 

pairs 3_5 and 4_6. CP requires the discrimination 

peaks to be well aligned with identification 

boundaries and the discrimination could be predicted 

by the identification performance [25, 29]. As shown 

in 2(A-C), the discrimination peak for Mandarin and 

Thai listeners is well aligned with categorical 

boundaries whereas Indonesian group demonstrated 

similar accuracy rate for each tone pair (around 60-

70%) and no clear peak was observed near the 

category boundary suggesting that they were 

responding to the psychophysical difference between 

Mandarin T2 and T3. This result could also be 

predicted by the broader boundary width exhibited 

by Indonesian group.  

Although Thai and Indonesian listeners exhibited 

psychophysical nature on the perception of 

Mandarin T2-T3, their results differed significantly 

in boundary position and boundary width. Compared 

with Indonesian group, the identification curves for 

Thai group change more abruptly from one category 

to another and Thai’s discrimination peak is aligned 

with corresponding category boundary. As the CP 

results found on the Thai listeners approximated the 

Mandarin listeners (native) more closely, it seems 

that Thai’s perception for Mandarin T2 and T3 was 

more robust than Indonesian counterparts. We 

speculated that this asymmetrical result is due to the 

effects of L1 experience. In Thai, the high-rising (45) 

and low falling-rising tone (213) are similar to 

Mandarin T2 (35) and T3 (214) in terms of F0 and 

pitch contour. This intrinsic similarity between the 

tone inventories might facilitate Thai listeners’ CP 

of Mandarin T2-T3. This finding is consistent with 

several studies that tonal L1 speakers perceive tones 

more categorically but the CP for non-tonal speakers 

is rather psychophysically motivated [2, 9, 17, 29]. 

5. CONCLUSION 

This study aims at investigating whether tonal L1 

speakers can perceive Mandarin T2-T3 in a more 

categorical way than non-tonal counterparts. Given 

that the CP pattern of Thai listeners approximated 

the native speakers more closely, this study suggests 

that Thai listeners can perceive Mandarin T2-T3 

contrast more categorically and their tonal L1 

experience can facilitate the development of their 

sensitivity to Mandarin T2 and T3. There might be a 

gradient difference of categoricity between the Thai 

and Indonesian listeners. 

The stimuli used in this study differed in the 

ending F0 only. However, not only the ending F0 

but also the F0 difference between tonal onset and 

turning point, the duration between tonal onset and 

turning point would have effects on T2 and T3 

perception [16, 21, 22, 26, 27]. It will be more ideal 

if the present study can apply synthetic stimuli with 

the stimuli duration, onset and ending F0, the degree 

of the initial fall, and the turning point position of 

pitch contour systematically manipulated so that can 

ensure a more comprehensive and robust 

comparison between the CP nature of tonal and non-

tonal L1 listeners. These parameters should be taken 

into account in designing future research. 
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