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Abstract 

This study addressed the question of how multiple layers of 

meanings can be simultaneously encoded with F0 in speech 

by assessing pitch perception thresholds of focus and 

surprise in Mandarin Chinese. We synthetically increased 

the pitch height of one syllable in a sentence up to 12 

semitones from its neutral baseline in one-semitone steps, 

and asked listeners to judge the strength of focus and 

surprise conveyed by the manipulated utterances. Results 

showed that for the perception of focus, at least 4 semitones 

above the baseline were needed while for surprise, at least 7 

semitones above were needed. Despite the threshold 

difference, there was a downward overlap of surprise with 

focus, i.e., the range of 7-12 semitones above the baseline 

signalled both focus and surprise. These results suggest that 

the pitch perception threshold for focus in Mandarin may be 

higher than that in non-tonal languages due to the use of F0 

for lexical contrast in Mandarin. They also reveal, more 

intriguingly, an encoding mechanism of additive division of 

pitch range. That is, a higher-level function such as surprise 

is encoded by using additional pitch ranges beyond that used 

by lower-level functions such as focus and lexical tone, 

without harming the encoding of the lower-level functions.  

Index terms: focus, surprise, pitch, thresholds, Mandarin 

1. Introduction 

How exactly can pitch (F0) simultaneously carry tonal and 

intonational information in tone languages such as Mandarin? 

And how can it also carry both linguistic intonation and 

paralinguistic information such as surprise in tonal as well 

as non-tonal languages? Previous work addressing these 

questions has mostly focused on the relation between local 

and global pitch contours [26, 27]. But there have also been 

suggestions that pitch range variation plays an important 

role in signalling both linguistic and paralinguistic meanings 

[8, 11, 15, 17, 27]. It is not yet clear, however, how exactly 

pitch range can be used to carry different information. Is it 

divided into discrete layers with clear boundaries? Or are 

there no clear divisions and everything is gradient with 

much overlap?  

There has been some evidence for the existence of discrete 

pitch ranges for functions like focus. For example, [2, 9] 

have proposed specific target height of focused components 

for the sake of speech synthesis. Empirical studies have also 

provided psychological evidence. For example, [19] has 

found that Dutch listeners tended to assign specific pitch 

values (ranging from 2 to 6 semitones higher than baseline) 

to focused syllables. [25] has found that differences of less 

than 3 semitones are not significant for the detection of large 

pitch movement in Dutch. [18] has found a smaller 

threshold, i.e., a pitch difference of 1.5 semitones was 

sufficient to enable listeners to perceive a difference in 

Dutch pitch prominence. On the other hand, evidence also 

exists as to the lack of discriminatory threshold for focus or 

accent. For example, [13] has found no discriminatory 

boundary (i.e., threshold) between emphatic and non-

emphatic accents in English. There have also been findings 

of lack of division of pitch range for different types of focus 

for Dutch [7] and English [24]. Moreover, it was found that 

when asked to produce extra emphasis, Mandarin speakers 

used duration lengthening, but not further F0 increase 

beyond what is already achieved in corrective focus [4]. It 

thus seems that there may be an upper limit to the pitch 

range of focus in production. If this is the case, there might 

also be an upper limit to pitch range for the perception of 

focus. 

With regard to surprise, its prosody is similar to focus 

because it also involves a large pitch excursion and a high 

pitch level [6, 14]. Absence of such prosodic cues, e.g., 

compression or flattening of the pitch contour, could lead to 

the perception of no surprise or information withdrawal [5, 

14]. The prosodic similarity between focus and surprise is 

further evident from the finding that surprise is mainly 

signaled by focused and stressed elements in speech, as has 

been found in German [23].  

 

 

Figure 1: Two ways of pitch range division. Left: 

clean separation. Right: additive division. 

Given that both focus and surprise seem to involve raised 

pitch, a question then arises as to how they can be 

distinguished from each other. There are at least two 

possibilities beside total overlap, as shown in Figure 1. One, 

shown on the left, is that they each use separate pitch ranges, 

without overlap, both of which are also separate from the 

pitch range used by lexical functions such as tone and stress. 

The other, as shown on the right, is that their pitch ranges 

are additive, such that the higher functions overlap with the 

lower ones, but not the other way around. These different 

ways of pitch range division would lead to different 

perception patterns. With non-overlapping division, a 

function can be heard within its own range, but not outside it 

in either direction. With additive division, lower functions 

remain audible with the addition of higher functions as pitch 
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range increases, so that a perceptual ceiling effect can be 

observed. That is, there will be neither a drop nor further 

increase in the perception of a function beyond its upper 

limit.  

 

The present study aims to explore the different possibilities 

of pitch range division in Mandarin Chinese, focusing in 

particular, on the potential division of focus and surprise. 

Specifically, we address the following questions for 

Mandarin: (1) Is there a pitch threshold and perceptual 

ceiling for focus and surprise? (2) What is the relation 

between the pitch ranges of focus and surprise?  

 

2. Methods 

2.1 Stimuli: 

A pre-recorded sentence “Ta (tone1) xiang (tone3) zuo 

(tone4) zhe (tone4) dao (tone4) ti (tone2) mu (tone4)” (He 

wanted to solve this problem) spoken in a neutral way (i.e., 

without focus on any syllable) by a native Mandarin 

Chinese speaker was used as the base sentence. 

PENTAtrainer1 [29] running under Praat [2] was used to 

synthetically modify the F0 contours of the sentence in such 

a way that the prosody sounds natural despite the large pitch 

range modifications. The program first extracts for each 

(manually segmented) syllable an optimal pitch target,  

defined in terms of height, slope and strength [27]. It then 

allows the user to arbitrarily modify any of the target 

parameters and then resynthesize the sentence with the 

artificial target. Figure 2 shows the segmented syllables with 

the parameters extracted by PENTAtrainer1.  

For the perception experiment, the syllable “zhe” (this) was 

used as the target syllable. Its pitch height parameter (shown 

in Figure 2a and Figure 2b) was incrementally raised up to 

12 semitones (1 octave), in one-semitone steps, from the 

baseline: b = -8.1384 + 1 (semitone), + 2 (semitones),… + 

12 (semitones). One semitone was chosen as the step size 

because a pilot study showed that listeners could not 

significantly distinguish pitch differences of less than one 

semitone.  

 

 
 

Figure 2a. The segmentation of the stimulus sentence with 

parameters automatically derived from PENTAtrainer1 

through analysis by synthesis [29].  

 

 
Figure 2b. An example (6 semitones above the baseline of 

“zhe”) of the synthesized speech stimuli using 

PENTAtrainer 1 [29]. The blue line represents the original 

speech contour. The red line represents the synthesized 

speech contour. The green line represents the pitch target 

parameters.  

 
2.2 Participants: 

15 native Beijing Mandarin speakers (9 females, Mean age 

= 31 years) were recruited as participants. They reported no 

speech or hearing problems.  

2.3 Procedure: 

Each stimulus sentence was presented three times in a 

pseudorandom order on a computer. Listeners performed 

two blocks of tasks: for the first block, they rated the degree 

of focus conveyed by the syllable “zhe” in the sentence on a 

scale of 1 to 3 (1= no focus; 2 = focus; 3 = a strong degree 

of focus). They had a fifteen-minute break before starting 

the second block. The stimuli for the second block were the 

same as the first block but the task was different: listeners 

rated the degree of surprise conveyed by the syllable “zhe” 

on a scale of 1 to 3 (1= not surprising; 2 = surprising; 3 = 

very surprising).  To ensure listeners can distinguish 

between “focus” and “surprise”, different pragmatic 

contexts were provided. For focus, the context was: He 

wanted to solve this rather than that problem. For surprise, 

the context was: It was so surprising that he (a very clever 

student) wanted to solve this problem in an intelligence 

contest. The problem was so simple that even a not-so-

clever student could easily solve it, and it turned out that he 

(with superb intelligence) wanted to solve this problem to 

show how clever he was.  

 

3. Results  

Figure 3 shows the overall ratings of focus and surprise as a 

function of the size of pitch range increase. With regard to 

focus strength, the greater the pitch range increase, the 

higher the ratings of focus strength. This is further 

confirmed in a one-way repeated measures ANOVA (F (11, 

154) = 168.1, p < 0.001,  = 0.92) where pitch range 

increase was shown to be a significant predictor of focus 

strength.  Figure 3 further shows that from 4 semitones 

onwards, the average rating is above 2 which is the 

threshold between no-focus (i.e., the rating of 1) and focus 

(i.e., the rating of 2). A one-way repeated measures 

ANOVA showed that ratings for 4 semitones were 

significantly different (i.e., higher) than those for 3 

semitones (F(1, 14) = 23.16, p < 0.001,  = 0.62). Therefore, 

the syllable needs to be at least 4 semitones above the 

neutral baseline to be heard as focused. Moreover, Figure 3 

shows that from 6 semitones onwards, the ratings do not 
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seem to go up significantly, i.e., there seems to be a 

perceptual ceiling effect for focus. A series of one-way 

repeated measures ANOVA confirmed that the differencesr 

in rating between different sizes of pitch range increase 

from 6 semitones onwards were not significant.   

In terms of the rating of surprise, Figure 3 shows that the 

larger the size of pitch range increase, the higher the ratings 

of surprise. This is further confirmed in a one-way repeated 

measures ANOVA (F(11, 154) =120.69, p < 0.001,    = 0.89) 

which showed that size of pitch range increase was a 

significant predictor of the ratings of surprise. Figure 3 

further shows that from 7 semitones onwards, the average 

rating of the degree of surprise is above 2 which is the 

threshold between not-surprising (i.e., the rating of 1) and 

surprising (i.e., the rating of 2). A one-way repeated 

measures ANOVA showed that the difference between 6 

semitones and 7 semitones was significant (F(1, 14) = 12.51, p 

= 0.003,  = 0.47). This suggests that the syllable needs to 

be at least 7 semitones above the neutral baseline to convey 

surprise. Furthermore, similar to focus, a ceiling effect was 

found: the differences in rating between different sizes of 

pitch range increase from 9 semitones onwards were not 

significant.  

 

Figure 3. The relations between size of pitch range increase 

and the average ratings of the strength of focus and surprise 

(ST=semitone). 

4. Discussion 

With regard to focus, the results showed that a pitch 

increase of at least 4 semitones above the baseline was 

needed in order to evoke listeners’ perception of focus in 

Mandarin. This finding is in line with previous speech 

production experiments on focus in Mandarin where around 

3 to 4 semitones of pitch excursion is usually produced by 

speakers under focus condition [4, 26]. Non-tonal languages, 

in contrast, may not require as big an increase in semitone to 

evoke a change in the perception of pitch prominence as 

tonal languages: In Dutch, for example, a pitch increase of 

only 1.5 semitones is sufficient to enable listeners to 

perceive a difference in pitch prominence [18] and an 

increase of 2 semitones could evoke perception of focus 

[19]. It could be the case that a tonal language like Mandarin 

needs more room to use F0 variation to convey lexical 

meanings than a non-tonal language. That is, the difference 

in threshold for pitch prominence across languages, could be 

linked to the distribution of tonal density and language 

option, i.e., whether a language uses tonal specification to 

distinguish words. This phenomenon could be called the 

“functional load” of language [1] where cues such as F0 are 

given different weights in difference languages to convey 

different linguistic information.  

In addition, the results seem to suggest a ceiling effect for 

focus perception: from the pitch range increase of 6 

semitones onwards, listeners’ ratings of the strength of focus 

did not increase significantly. This is consistent with the 6-

semitone F0 drop between the on-focus and post-focus tone 

4 [26]. It is also consistent with the finding that, when asked 

to add extra emphasis on existing focus, native Mandarin 

speakers did not further increase on-focus F0, but used 

durational lengthening instead. It could be argued that the 

ceiling effect is due to the fact that listeners were given only 

three choices (no focus, focus and strong focus), while a 

more fine-graded scale in term of level of prominence could 

have led to more gradient results, as found in [18]. If that is 

indeed the case, pending further studies, it is possible that 

the more gradient effect would be no longer about focus, but 

about phonetic prominence, which has yet to be 

demonstrated to be communicatively contrastive [28].  

In terms of surprise, the results showed that the manipulated 

pitch range needed to be at least 7 semitones higher than the 

baseline in order to evoke a perception of surprise. 

Therefore, given the results on focus discussed above, it 

seems that surprise has a higher pitch increase threshold (7 

semitones) than focus (4 semitones). This is in line with 

previous studies of the intonation of surprise across 

languages where a relatively large pitch excursion size/pitch 

range expansion is needed to convey surprise [6, 14]. 

Meanwhile, the results also suggest a considerable overlap 

between focus and surprise: the manipulated pitch range for 

surprise (7-12 semitones) is also within the pitch range for 

focus (4-12 semitones) in this study. Therefore, focus and 

surprise do not seem to completely overlap in pitch range; 

nevertheless, they still overlap to a large extent, i.e., a 

relatively high pitch range (7-12 semitones from baseline) 

can be used to signal both focus and surprise. Moreover, 

similar to focus, a perceptual ceiling effect for surprise 

could be present: from 9 semitones onwards, the ratings of 

the strength of surprise did not increase significantly. These 

patterns are consistent with the additive division depicted in 

the right panel of Figure 1. 

The reason for the different thresholds could be that human 

linguistic communication generally prefers small frequency 

changes [cf. 16] and hence large frequency changes (i.e., 

greater pitch range) are reserved for communication of 

additional information such as emotion. This is especially 

obvious in the case of emotions with high arousal, e.g., 

anger and surprise [20] where pitch excursion size is usually 

significantly larger than that of neutral emotion [21]. On the 

other hand, the considerable overlap in pitch range between 

focus and surprise found in this study is not an isolated 

finding. Rather, it is consistent with previous studies where 

such interwoven use of pitch range variation for both 

linguistic and paralinguistic meanings is observed. For 

example, while questions can convey categorically linguistic 

meanings, they can also convey graded paralinguistic 

meanings such as defiance or surprise by extra 

modifications of intonational contours [10]. Another 

example is that falling pitch, which can be used to signal 

pitch accent [12], can also convey a sense of anger [21].  

Therefore, pitch range variation can communicate both 

categorical and gradient meanings [11]. 

Such different yet overlapping relations between the pitch 

range of focus and surprise suggest that there does not 

necessarily exist specific (autonomous) intonational 

contours for paralinguistic information such as emotion, as 
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has been suggested in [22]. Rather, linguistic (e.g., focus) 

and paralinguistic (e.g., surprise) prosody can function in 

parallel, i.e., paralinguistic prosody does not need to 

eliminate the existing linguistic prosody; rather, it can be 

realized through exaggeration or compression of the 

linguistic intonational contour, as has been shown in this 

study where the pitch range for surprise extends beyond 

rather than taking over that of focus. Such parallel encoding 

mechanism of linguistic and paralinguistic intonation is 

consistent with the Parallel Encoding and Target 

Approximation model (PENTA) for speech prosody [27] 

where linguistic and paralinguistic functions (e.g., lexical, 

semantic, focal, topical, emotional, etc.) work in parallel 

without destroying the prosodic intactness of one another.   

5. Conclusion 

In summary, this study found that in Mandarin, the 

threshold for pitch range increase for the perception of 

single focus is 4 semitones. Moreover, surprise has a higher 

pitch threshold (7 semitones) than focus, but it also overlaps 

downwards so that the range of 7-12 semitones can signal 

both focus and surprise. In addition, a perceptual ceiling 

effect for focus (from 6 semitones onwards) and surprise 

(from 9 semitones onwards) could be present, although 

further studies are definitely needed to corroborate the 

current finding. These results suggest an encoding 

mechanism of additive division of pitch range: a higher-

level function such as surprise is encoded by using 

additional pitch ranges beyond that used by lower-level 

functions such as focus and lexical tone, without harming 

the encoding of the lower-level functions. The finding thus 

reveals how pitch range variation can simultaneously signal 

both linguistic and paralinguistic meanings.  
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