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Abstract 
Studies on Mandarin tone sandhi have focused on Beijing Mandarin. Taiwan has been politically separated from 
mainland China since 1949, but it is not known if tone sandhi in Taiwan Mandarin displays different patterns or 
characteristics. However, there has been no comparative study to investigate if Beijing Mandarin and Taiwan 
Mandarin display the same tone sandhi pattern. This study aims to fill this gap by comparing Beijing and Taiwan 
Mandarin through a productive experiment to examine acoustic differences between sandhied tone 3 and lexical 
tone 2. The results indicate that tone 3 sandhi among Mandarin dialects is not a homogeneous category, but 
displays a graded phenomenon of a categorical change and tonal reduction. The experimental evidence shows 
that acoustic difference between sandhied tone 3 and lexical tone 2 is larger in Beijing Mandarin than that in 
Taiwan Mandarin. Gender effects are also detected and acoustic difference in female samples is consistently 
larger than that in male samples across Beijing and Taiwan Mandarin. The findings suggest that the third tone 
sandhi in Beijing Mandarin is more like a categorical change (i.e., changed to lexical tone 2) whereas the sandhi 
in Taiwan Mandarin is more like a tonal reduction. 
Keywords: tone sandhi, acoustic difference, Beijing, Taiwan Mandarin 

1. Introduction 
There are four basic tones in Mandarin and every stressed syllable belongs to one of the four, although actual 
realizations may vary according to context. When the four tones are applied to the same syllable, four different 
lexical items result (Wang & Norval, 1997). A classic example of tonal contrasts is illustrated in (1): 

(1)  syllable   tone     Numbers to represent   gloss 

ma    tone 1 (high level)    55     ‘mother’ 

ma    tone 2 (high rise)     35     ‘numb’ 

ma    tone 3 (fall-rise)   214     ‘horse’ 
ma    tone 4 (falling)    51     ‘curse’ 

In analyzing the Mandarin tonal system, the voice range is divided into five levels. The numbers from 1 to 5 are 
used to designate these levels, where 1 represents the lowest comfortable pitch of the voice range and 5 
represents the highest. The first tone (tone 1) (55) is high and level. It is pitched near the top of the comfortable 
voice range. The second tone (tone 2) (35) starts around the middle of the voice range 3 and rises straight 
towards the level of the first tone 5. The third tone (tone 3) (214) begins near the bottom of the comfortable 
voice range 2, proceeds to the bottom 1, and then upward to end above the middle range 4. The fourth tone (tone 
4) (51) begins at the top of the comfortable voice range 5 and falls quickly to the bottom range 1 (Chao, 1930, 
1968). 

A well-known phenomenon in Mandarin phonology is tonal modifications according to different contexts, 
among which tone 3 sandhi is the most noticeable (Yin, 2003, p. 296). In traditional analyses, the basic rule of 
Mandarin tone 3 sandhi can be stated as in (2): 

(2)  3 → > [2] /___3 

When one tone 3 syllable is immediately followed by another, the first of the two changes from a “falling-rising 
tone [214] into high rising [35]” (Chen, 2000, p. 20) i.e., tone 2. For example, in the case of hao3 ma3 ‘good 
horse’ as in (3) the tone of the first syllable in this disyllabic compound will be changed from tone 3 to tone 2. 
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(Throughout the paper, a number immediately following a syllable is used to represent a particular tone.) 

(3) hao3   ma3 → hao [2] ma3 

好    马 

good    horse  

When tone 3 sandhi applies to a linguistic expression more than two syllables, the rule in (3) should be changed 
to that in (4). 

(4)  3 → > [2] /___3n 
In (4), ‘n’ indicates that the sandhi rule is in fact a schema expandable to include a string of consecutive third 
tones as in (5). 

(5)  a. mai3  hao3    ma3 → mai [2] hao [2] ma3  

      买  好    马 

      buy   good    horse 

 b.  mai3  hao3    ma3 → mai [3] hao [2] ma3 

      买  好    马 

      buy   good    horse 
In (5a), there are three tone 3 syllables in succession, and all the third tones except for the last one are changed 
into the second tones by tone 3 sandhi rule. But (5b) indicates that between the boundary of a verb and its object, 
the application of the sandhi rule can be optional. 

In a compound or phrase larger than two syllables or a sentence, since the sandhi rule application largely 
depends on speech rates, syntactic boundaries and pragmatic factors, the rule can be applied optionally in many 
cases (Yin, 2003, p. 301). However, in a disyllabic compound or phrase the rule should apply obligatorily; 
therefore, compounds or phrases with two syllables are a good choice to test tone sandhi in Mandarin. Thus, the 
stimuli for the present study were all disyllabic compounds or phrases where the first of the two tones must 
undergo the sandhi. 

In Mandarin tone 3 sandhi literature, there are two different views: one treats tone 3 sandhi as a categorical 
change while the other deems it a phenomenon of tonal reduction. Wang and Li’s perceptual experiment results 
suggest that Mandarin speakers have difficulty in distinguishing sandhied tone 3 and lexical tone 2 (1967). Chen 
(2000, p. 20) claims that the sandhi rule turns a falling-rising tone [214] into a high-rising one [35], that is, 
sandhied tone 3 is fully neutralized to lexical tone 2. However, Lin (2001, pp. 47–48) proposes that a full tone 3 
contains three tonemes and she maintains that tone 3 in a non-final syllable is shortened so that it loses the last 
toneme in connected speech. Yin (2003) proposes an OT analysis and claims that sandhied tone 3 keeps its rising 
portion (the second half) and loses its falling portion (the first half). Yuan and Chen (2014) treat tone 3 sandhi as 
a tonal reduction as well by claiming that sandhied tone 3 is changed from 214 to 24, that is, it takes a shortcut to 
reach its final destination by starting from initial point 2 and goes straightforward to the end point 4.  

Although the debate on whether the third tone sandhi phenomenon involves a categorical change or tonal 
reduction has started over half century ago, it is still going on and the issue has yet to be resolved. In the past, 
research on Mandarin tone sandhi has focused on Beijing Mandarin and tone sandhi of other Mandarin dialects 
has been largely ignored. Taiwan has been politically separated from mainland China since 1949 and tone sandhi 
in Taiwan Mandarin may display different patterns or characteristics. However, few studies have been conducted 
to investigate tone sandhi in Taiwan Mandarin. Moreover, there has been no study to compare tone 3 sandhi 
between Beijing Mandarin and Taiwan Mandarin (James & Tsai, 2003; Yin, 2017). This research is sought to fill 
this gap. The present study focuses on tone 3 sandhi which is the most complicated tonal change in Mandarin 
(Yin, 2003). Instead of focusing on one representative Mandarin dialect such as Beijing Mandarin, this study 
aims to compare acoustic differences between sandhied tone 3 and lexical tone 2 between Beijing and Taiwan 
Mandarin and expects to shed light on the nature of tone 3 sandhi in Mandarin. 

2. Method 
The study is sought to investigate acoustic differences between sandhied tone 3 and lexical tone 2 between 
Beijing and Taiwan Mandarin to find out if they display the same or different tone 3 sandhi pattern. To achieve 
this aim, an experiment was conducted and Beijing and Taiwan Mandarin speakers were invited to produce 
Mandarin words or phrases with two syllables. In order to conduct a comparative study, in this experiment the 
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same method (including the same stimuli, same procedure and same measurement) was used for the two 
Mandarin dialects. 

2.1 Participants 

The participants for the experiment were 40 Beijing Mandarin speakers and 40 Taiwan Mandarin speakers. 
Beijing Mandarin speakers were born and raised in Beijing and they were recruited from Beijing and Xi’an 
Jiaotong-Liverpool University, an international Sino-British cooperative university located in Suzhou, China. 
Taiwan Mandarin speakers were born and raised in Taiwan and they were recruited from Taipei, Taiwan and 
Xi’an Jiaotong-Liverpool University. Among the 40 Beijing and Mandarin speakers, half of them were males and 
another half were females so genders for this experiment were balanced. In this study, gender effects in acoustic 
differences between sandhied tone 3 and lexical tone 2 were also investigated. All of the participants for this 
experiment were remunerated for their participation in this study. 

2.2 Stimuli 

The stimuli for the experiment were 15 pairs of disyllabic compounds or phrases with tone 3 on the second 
syllable and tone 2 or tone 3 on the first as (6) and (7) illustrate. 

(6)  (a)  zu (tone 3) zhang (tone 3) 组长 ‘group leader’ 

    (b) zu (tone 2) zhang (tone 3) 族长 ‘clan leader’ 

(7) (a)  mai (tone 3) ma (tone 3) 买马 ‘buy horses’   

 (b) mai (tone 2) ma (tone 3) 埋马 ‘bury horses’ 

The pair in (6) and (7) are bi-syllabic nominal compounds and verb phrases respectively. However, most of the 
stimuli for this experiment were nominal compounds. The stimulus in (a) of each pair is a bi-syllabic word or 
phrase with tone 3 on both the first and the second syllable while that in (b) of each pair is also bi-syllabic with 
tone 2 on the first syllable and tone 3 on the second. Orthographically, the second characters in each pair are the 
same. For example, in (6) the second character in (a) is the same as that in (b), that is, zhang (tone 3) 长 
‘leader’. So, in this experiment the second characters in each pair are held constant by using the same character. 
In the two stimuli of each pair, actually the first syllables orthographically in Pinyin are also the same except for 
the tones. For example, the first syllables in Pinyin in both (6a) and (6b) are zu, but the tone assigned to the first 
syllable in (6a) is tone 3 while the tone assigned to its counterpart in (6b) is tone 2. In this experiment, 
everything in the stimuli of each pair is held constant except for the tones in the first syllables. Therefore, any 
acoustic differences between the first syllables in each pair should result from differences between sandhied tone 
3 and lexical tone 2. 

2.3 Procedures 

The 15 pairs of stimuli were presented through PowerPoint slides and for clarity each slide contained only one 
stimulus. The simplified Chinese characters were presented to the participants of Beijing Mandarin speakers 
while the traditional Chinese characters were presented to those of Taiwan Mandarin speakers. The slides were 
set to show automatically at 7 second intervals. Each stimulus was presented on the computer screen for 3 
seconds and then participants saw an asterisk (*). In order to control speaking rates, participants were asked to 
read the stimuli in isolation in their normal speech. In order to avoid reading a stimulus (a bi-morphemic 
compound or phrase) in a hurry, they were instructed to read the stimulus after they saw an asterisk. The asterisk 
appeared on the screen for 4 seconds before the next stimulus was presented. Prior to the real stimuli, there was a 
demonstration session which gave participants hands-on experience in dealing with the actual experiment session. 
The stimuli were randomized before putting on the PowerPoint slides and participants’ readings were recorded. 
The sampling frequency used for recording participants’ speech was 44100 Hz. 

2.4 Measurement 

After the recordings were collected, Audacity—a free multi-track audio editor and recorder was used to edit the 
stimuli. For convenience of analysis, the stimuli were edited into contrastive pairs with tone 3 + tone 3 sequences 
vs. tone 2 + tone 3 sequences in order to facilitate measuring acoustic differences between sandhied tone 3 and 
lexical tone 2. When the stimuli were edited, all the recordings were inserted into Praat—a free computer 
program for the acoustic analysis of speech (Boersma & Weenink, 2018) to measure fundamental frequency (F0) 
of sandhied tone 3 and lexical tone 2 in the stimuli. In the Praat program, the pitch track function was used to 
measusre F0 values at different sampling points of the pitch associated with a particular tone. The pitch track 
function was performed to obtain the minimal and the maximal F0 values, which were used to calculate ‘range’ 
in this study.  
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Mandarin Chinese is a tone language and every Mandarin syllable has an essential component, that is, a tone, 
which is primarily the pitch pattern of the voiced part of the syllable (Chao, 1968). Mandarin has four lexical 
tones which display different patterns of pitch. Pitch can be measured by fundamental frequency (F0). One 
measurement to observe differences between sandhied tone 3 and lexical tone 2 is to compare ranges in F0 
between them. Figure 1 is an example to illustrate ranges in F0 between sandhied tone 3 and lexical tone 2. 

 

 
Figure 1. F0 range difference between sandhied tone 3 and lexical tone 2 

 
Figure 1 indicates the lowest point, that is, the minimal F0 value and the highest point, that is, the maximal F0 
value. The two points determine the F0 range for sandhied tone 3 and lexical tone 2 respectively. Table 1 shows 
measurement of range difference in F0 between sandhied tone 3 and lexical tone 2. 

 

Table 1. Measurement of range and range difference in F0 

 Minimal F0 Maximal F0 Range Range difference in F0

Sandhied tone 3 86 190 190-86=104   
Lexical tone 2 108 166 166-108=58  
Between sandhied tone 3 and lexical tone 2    104-58=46 

 

Table 1 shows that ‘range’ is the difference between the maximal value and the minimal value. Range difference 
here refers to the difference in F0 between the range of sandhied tone 3 and that of lexical tone 2. The range 
difference in F0 in this example is 46 Hz, which can be viewed as a measurement of acoustic difference between 
sandhied tone 3 and lexical tone 2. In this study F0 range difference in Hz was adopted to measure the degree of 
magnitude of acoustic difference between sandhied tone 3 and lexical tone 2. 

3. Results and Discussions 
This section will present findings in this study. First, the results of Beijing and Taiwan Mandarin will be 
presented, and then, range difference in F0 for Beijing and Taiwan Mandarin will be compared. 

3.1 Range Difference in Beijing Mandarin 

Acoustic difference between sandhied tone 3 and lexical tone 2 was measured in Hz. Table 2 shows the 
percentage of range difference (D) in four different scopes. The four scopes of range difference in F0 are as 
follows: Scope 1: equal or less than 5 Hz (i.e. between 0 to 5 Hz); Scope 2: more than 5 and less than 15 Hz; 
Scope 3: equal or more than 15 but less than 25 Hz; Scope 4: equal or more than 25 Hz. 
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Table 2. Range difference between sandhied tone 3 and lexical tone 2 in Beijing Mandarin 

Scopes Percent 

D < or = 5 31.22 
5< D < 15 37.95 
15< or = D < 25 16.43 
D = or > 25 16.40 

 

Table 2 indicates that for around 31 percent of the stimuli, range difference between sandhied tone 3 and lexical 
tone 2 is equal or less than 5 Hz. The scope between 5 to 15 Hz was populated with more cases than any other 
scope. The table also shows that for nearly one third of the samples, range difference in F0 is equal or larger than 
15 Hz, which can be considered as large magnitude of range difference. 

Next, gender effects in range difference will be investigated. Table 3 shows difference in F0 between sandhied 
tone 3 and lexical tone 2 for male and female samples. 

 

Table 3. Range difference between sandhied tone 3 and lexical tone 2 for male and female samples in Beijing 
Mandarin 

Scopes Percent 

 Male Female 
D < or = 5 33.15 29.29 
5< D < 15 38.91 36.99 
15< or = D < 25 16.74 16.12 
D = or > 25 11.20 17.60 

 

It can be observed from Table 3 that for 72.06 percent of the male samples, range difference in F0 is less than 15 
Hz while range difference in 66.28 percent of the female samples is less than 15 Hz. The table also indicates that 
for 27.94 percent of the male samples, range difference is equal or large than 15 Hz, while range difference in 
33.72 percent of female samples is equal or large than 15 Hz, which means that nearly 6 percent more female 
samples have difference in F0 equal or large than 15 Hz than male samples. It can be seen that the magnitude of 
range difference in F0 between sandhied tone 3 and lexical tone 2 is larger in female samples than in male 
samples. 

In order to examine if the difference is significant, an independent-samples T-test was performed on the means of 
F0 range differences from male and female samples. Table 4 shows the means and the test result. 

 

Table 4. Means of F0 range differences of male and female samples in Beijing Mandarin and the test result 

 Male Female 

Mean 16.55 20.86 
P-value 0.024 

  

Table 4 shows that the mean of range difference in F0 from female samples is larger than that from male samples 
in Beijing Mandarin. The p-value of the T-test indicates that the acoustic difference between male and female 
samples in Beijing Mandarin is significant. 

3.2 Range Difference in Taiwan Mandarin 

Taiwan Mandarin is a prominent Mandarin dialect which is called Guoyu 国语 ‘national language’ and used as 
the official language in Taiwan. Table 5 shows the percentage of range difference in Hz in four different scopes. 

 

Table 5. Range difference between sandhied tone 3 and lexical tone 2 in Taiwan Mandarin 

Scopes Percent 

D < or = 5 41.60 
5< D < 15 34.16 
15< or = D < 25 10.61 
D = or > 25 13.63 
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Table 5 indicates that for 41.6 percent of the stimuli, range difference between sandhied tone 3 and lexical tone 2 
is equal or less than 5 Hz. Different from the situation in Beijing Mandarin, for Taiwan Mandarin, the scope of 
being equal or less than 5 Hz covers more of the cases than any other scope. The table also shows that for nearly 
one quarter of the samples, range difference in F0 is equal or larger than 15 Hz. In Taiwan Mandarin, samples in 
the scope of being equal or larger than 15 Hz (which is considered as large magnitude of range difference) are 
less than those in Beijing Mandarin. 

Next, gender effects in range difference will be investigated. Table 6 shows range difference in F0 between 
sandhied tone 3 and lexical tone 2 for male and female samples in Taiwan Mandarin. 

 

Table 6. Range difference between sandhied tone 3 and lexical tone 2 for male and female samples in Taiwan 
Mandarin 

Ranges Percent 

 Male Female 
D < or = 5 54.56 28.65 
5< D < 15 31.73 36.60 
15< or = D < 25 8.36 12.85 
D = or > 25 5.36 21.90 

 

It can be observed from Table 6 that for 86.29 percent of the male samples, range difference in F0 is less than 15 
Hz, but for female samples, only 65.25 percent has range difference which is less than 15 Hz. The table also 
indicates that for only 13.72 percent of the male samples, range difference in F0 is equal or large than 15 Hz, 
while range difference in 34.75 percent of female samples is equal or large than 15 Hz, which means that 21 
percent more female samples have range difference larger than 15 Hz than male samples. It can be seen from the 
table that the magnitude of range difference in F0 between sandhied tone 3 and lexical tone 2 is larger in female 
samples than in male samples. 

To examine if the acoustic difference is significant, an independent-samples T-test was performed on F0 range 
differences from male and female samples. Table 7 shows the means and the test result. 

 

Table 7. Means of F0 range differences of male and female samples in Taiwan Mandarin and the test result 

 Male Female 

Mean 8.15 20.45 
P value <0.001 

  

Table 7 shows that the mean of range difference in F0 from female samples is larger than that from male samples 
in Taiwan Mandarin. The p-value of the T-test indicates that the acoustic difference between male and female 
samples in Taiwan Mandarin is highly significant. 

From the tables presented so far, it can be seen that there is acoustic difference in F0 between sandhied tone 3 
and lexical tone 2 though the degrees of difference are different between the two dialects—Beijing Mandarin and 
Taiwan Mandarin. The findings suggest that sandhied tone 3 in both Mandarin dialects is not fully neutralized to 
lexical tone 2. Gender effects in range difference in F0 between sandhied tone 3 and lexical tone 2 were observed 
and the magnitude of the difference is larger in female samples than that in male samples across the two 
Mandarin dialects. The gender effects indicate that the third tone sandhi in female samples is more like a kind of 
tonal reduction phenomenon than that in male samples. Another factor which possibly causes the gender 
difference may be differences in F0 between males and females. Generally, females’ fundamental frequency (F0) 
is higher than that of males. Hence, higher fundamental frequency of females could be a factor which contributes 
to larger range difference between sandhied tone 3 and lexical tone 2 in female samples. 

3.3 Comparison of Acoustic Difference in Beijing and Taiwan Mandarin 

This sub-section will compare acoustic range difference between sandhied tone 3 and lexical tone 2 in Beijing 
and Taiwan Mandarin. Figure 2 shows range difference in F0 in the two prominent Mandarin dialects. 
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Figure 2. Range difference between sandhied tone 3 and lexical tone 2 in Beijing and Taiwan Mandarin 

 

It can be found from Figure 2 that in terms of range difference Taiwan Mandarin has more cases in the scope of 
being equal or less than 5 Hz than Beijing Mandarin. This scope is considered as small magnitude of range 
difference in F0. Actually, in Taiwan Mandarin more cases fall in this scope than any of the other two scopes in 
the figure and cases of the third tonal modification with range difference of being equal or less than 5 Hz are 
more like a phenomenon of tonal reduction rather than a categorical change to a second tone. Therefore, tone 3 
sandhi in Taiwan Mandarin is more like a tonal reduction than that in Beijing Mandarin. 

On the other hand, Beijing Mandarin has more cases with range difference equal or more than 15 Hz than 
Taiwan Mandarin. This scope is considered as large magnitude of range difference in F0 and cases with range 
difference falling in this scope are more like a categorical change to a second tone than a phenomenon of tonal 
reduction. In fact, in Beijing Mandarin the scope of range difference of being equal or more than 15 Hz covers 
more cases than the scope with range difference of being equal or less than 5 Hz. Therefore, tone 3 sandhi in 
Beijing Mandarin is more like a categorical change than that in Taiwan Mandarin. 

Also, it can be observed form Figure 2 that cases of range difference between sandhied tone 3 and lexical tone 2 
spread in the three scopes across Beijing and Taiwan Mandarin. Although there are more cases in one particular 
scope than others in either of the two Mandarin dialects, cases of range difference are not heavily concentrated in 
one particular scope of range difference. Cases of range difference in the scope equal or less than 5 Hz are more 
like a tonal reduction phenomenon while those in the scope of equal or more than 15 Hz are more like a 
categorical change to tone 2. It is interesting to note that in both Beijing and Taiwan Mandarin, around one-third 
cases fall in the intermediate scope, that is, larger than 5 Hz and smaller than 15 Hz. The evidence obtained from 
this study suggests that like many other linguistic units which are graded phenomena (e.g., Langacker, 1987, 
1991, 2008), the third tone sandhi in Mandarin displays a graded phenomenon between a categorical change and 
tonal reduction. However, tone 3 sandhi in Beijing and Taiwan Mandarin reflects different patterns. Tone 3 
sandhi in Beijing Mandarin is closer to a categorical change in this continuum than that in Taiwan Mandarin 
while tone 3 sandhi in Taiwan Mandarin is closer to a tonal reduction in this spectrum than that in Beijing 
Mandarin. 

In order to examine if the difference between Beijing and Taiwan Mandarin is significant, an 
independent-samples T-test was conducted on F0 range differences between Beijing and Taiwan Mandarin 
samples. Table 8 shows the means and the test result. 

 

Table 8. Means of F0 range differences between Beijing and Taiwan Mandarin and the test result 

 Beijing Mandarin Taiwan Mandarin 

Mean 18.71 14.30 
P value < 0.001 
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Table 8 shows that the mean of range difference in F0 from Beijing Mandarin is larger than that from Taiwan 
Mandarin. The p-value of the T-test indicates that the acoustic difference between Beijing and Taiwan Mandarin 
is highly significant. 

4. Conclusions 
Tone sandhi is an important phonological phenomenon in Mandarin Chinese and previous studies on Mandarin 
tone sandhi have focused on Beijing Mandarin. Tone sandhi of other Mandarin dialects has been largely ignored 
(Yin, 2017). Taiwan has been politically separated from mainland China for 70 years, but there has been no study 
to compare tone sandhi in Beijing Mandarin with that in Taiwan Mandarin to examine if the two prominent 
Mandarin dialects display the same or different tone sandhi pattern. Thus, this study investigated range 
difference in F0 between sandhied tone 3 and lexical tone between Beijing and Taiwan Mandarin. By comparing 
different Mandarin dialects rather than focusing on one particular dialect of Mandarin Chinese, the present 
research helped understand and reveal the nature of tonal modifications among dialects of Mandarin Chinese. 

For a long time, there has been much debate over whether Mandarin tone 3 sandhi involves a categorical change 
or tonal reduction; however, the issue has yet to be resolved. The present study aims to shed light on the tone 3 
sandhi phenomenon. In the production experiment, samples of range difference between sandhied tone 3 and 
lexical tone 2 spread in the four different scopes of magnitude of difference across both Beijing and Taiwan 
Mandarin. The results from this study indicate that tone 3 sandhi among Mandarin dialects is not a homogeneous 
category, but displays a graded phenomenon of a categorical change and tonal reduction. However, tone 3 sandhi 
in Beijing and Taiwan Mandarin localizes differently in this continuum of a categorical change and tonal 
reduction. Tone 3 sandhi in Beijing Mandarin is closer to a categorical change (i.e. changed to lexical tone 2) in 
this continuum than that in Taiwan Mandarin while tone 3 sandhi in Taiwan Mandarin is closer to a tonal 
reduction than that in Beijing Mandarin. 

Consistent with most of previous acoustic studies on tone sandhi (e.g., Hockett, 1950; Lee-Schoenfeld & 
Kandybowicz, 2009; Martin, 1963; Shen, 1990; Xu, 1997; Yuan & Chen, 2014; Zee, 1980), the results from the 
present study show that there is acoustic difference in F0 between sandhied tone 3 and lexical tone 2. The 
acoustic evidence from this study indicates that tone 3 which has undergone the sandhi is not fully neutralized to 
lexical tone 2, contrary to some of traditional analyses which treat tone 3 sandhi as a categorical change (e.g., 
Chen, 2000; Duanmu, 2000; Yip, 2002). Degrees in the magnitude of range difference in F0 are varied from 
dialect to dialect. The experimental results in this study show that range difference in F0 between sandhied tone 3 
and lexical tone 2 in Beijing Mandarin is statistically lager than that in Taiwan Mandarin.  

The results also suggest that there are gender effects in F0 range difference between sandhied tone 3 and lexical 
tone 2. Across the two Mandarin dialects, this kind of acoustic difference in female samples is consistently larger 
than that in male samples. The experimental evidence indicates that tone 3 sandhi occurred in females is more 
like a tonal reduction phenomenon than that in males. 

As a possible further study, more Mandarin dialects such as Northeast, Tianjing and Jinan Mandarin could be 
investigated to explore the third tone sandhi phenomenon. By examining more Mandarin dialects, a more 
comprehensive understanding could be gained regarding the nature of tone sandhi among Mandarin dialects. 
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