
The Effects of Lexical Tones and Nasal Coda /-n/ to Sadness in Taiwan Hakka 

Shao-ren Lyu1 

1 Graduate Institute of Foreign Literatures & Linguistics, National Chiao Tung University, Hsinchu, 
Taiwan 

thousandshine@hotmail.com 
 

Abstract 
This paper concerns the relation between the emotion of sadness 
&  lexical tone types, and the relation between the emotion of 
sadness & nasal coda /-n/ for non-Hakka speakers with Hakka 
stimuli. We try to probe what factors cause non-Hakka speakers 
to receive the expression of sadness in Hakka language 
successfully. The results showed that in both level tones and 
checked tone, the average f0 values is crucial to the perception of 
sadness; falling tone is predominant in the perception of sadness 
than rising tones. The contribution of nasal coda /-n/ to the 
sadness is also significant.    
Index Terms: sadness, lexical tones, nasal coda, Hailu Hakka 

1. Introduction 
In the past, it was claimed that there was a relation between 
sounds and certain concepts. That is, it was believed sounds with 
certain properties would map to certain concepts like size and 
emotion, and this relation was known as symbolism. Many 
documents of language data were collected to compare, 
including Ewe, Yoruba, Spanish, Greek, and French [1]. It was 
found that people tended to utilize high front vowels to code the 
concept of “small”; whereas people would utilize low back 
vowels to code the concept of “large”. Another cross-language 
comparison was also made, and it was concluded that consonants 
with the feature [-grave], high front vowels such as [i, ɪ, y, e], 
and high tones were predominant in the expression of “small”. In 
contrast, consonants with the feature [+grave], low back vowels 
such as [ɑ, ʌ, ɔ, o], and low tones were predominant in the 
expression of “large”. It was believed that the relation between 
sounds and the concept of size was universal [2]. 

It was also observed the relation between sounds and 
emotion from people’s production. For instance, a paralinguistic 
module was considered to alter the phonetic output to signal 
emotion performance. People might express different emotions 
by altering pitch ranges, vowel length, degree of VOT, and so 
forth [3].  

Aside from production, people’s perception was also 
considered relevant to symbolism of sounds. It was indicated that 
listeners were usually able to perceive and recognize the 
intended emotions performed by actors or actresses. The correct 
rates were significantly better than those by chance [4]. 
Furthermore, the ability to infer emotions from speech was 
claimed to be a basic component of human vocal expression [5]. 
Most of the perception studies were based on European 
languages, but few studies tried to probe sadness symbolism in 
Asian language.  

In 2010 there was a study tried to probe the sadness 
symbolism in Asian language (Sixian Hakka) [6]. In the study, 
two experiments were designed. Monosyllabic words /thun/ and 

/thut/ were served as the stimuli throughout the experiments. In 
the first experiment, the relation between different contour 
shapes and sadness was concerned. Six different lexical tones 
were played to subjects (11 Americans with 26.8 months 
exposure to Mandarin and 19 monolingual Mandarin speakers) 
and forced them to decide which tones were perceived with the 
characteristic of sadness. They only compared two stimuli at one 
time (pair-wise comparison). In the second experiment, three 
parameters were manipulated. The average f0 contours were 
adjusted into three levels: -50Hz, original f0 contour, and +50Hz. 
The average intensities were adjusted as: -8dB, original intensity, 
and +8dB. The duration of rime were adjusted as: -50% length of 
rime, original duration, and +50% length of rime. In the first 
experiment, the results showed that falling tones were 
predominant for symbolism of sadness in perception. Besides, 
the results of the second experiment indicated that the words 
with lower average f0 contour, weaker intensity, and longer 
duration of rime were predominant to perception of sadness. The 
author further inferred that the patterns of results seemed to be 
universal, and the patterns also confirmed that the existence of 
symbolism. 

Recently, there was also a study indicated that emotions were 
related to phonemes [7]. Words with the plosive sound /p/ were 
considered to be related to happiness or pleasant mood whereas 
words with the nasal sound /n/ were related to sadness or 
unpleasant mood. The phonemic research randomly collected 
poems among German, Chinese, Russian, and Ukrainian, and 
then two poems were selected for each language. One poem 
contained relatively more plosive phonemes, and the other 
contained relatively more nasal phonemes. Participants were 
asked to read two poems of their native language, and ranked 
these poems into different levels of  emotion, including 
happiness, sadness, arousal, quietness, enthusiasm, calmness, 
aggression, and melancholy in a questionnaire. The result of this 
phonemic structure research showed that the effect of sound 
iconicity did exist.  

Following the perception study on Sixian Hakka language, 
and the phonemic structure study in plosive and nasal sounds, 
the current study tries to explore the effects of different lexical 
tones and nasal coda /-n/ to the perception of sadness in Hailu 
Hakka language. This paper concerns what kind of lexical tones 
in Hakka language can evoke sadness to non-Hakka speakers in 
Taiwan, and whether a nasal coda /-n/ contributes to the 
evocation of sadness. Thus, the subjects in this study are all 
monolingual native speakers of Taiwan Mandarin, the major and 
official language in Taiwan. In addition, this paper hopes to 
probe the phenomena in natural language instead of in the 
synthesized sounds. So, all the stimuli were picked up from the 
natural language without any artificial adjustment.  
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2. Methodology 

2.1. Stimuli 

A male native speaker of Hailu Hakka language who was 
awarded certificate of Hakka language in high-intermediate level 
(currently the highest level in Taiwan) by the Council of Hakka 
Affair, Taiwan, was invited to read out all the monosyllabic 
stimuli three times in citation form. Only the best quality ones 
were utilized in respect of his own judgment. Besides, the 
speaker was requested to utter all the stimuli with neutral 
emotion. To avoid the semantic interference resulted from 
Chinese characters, all stimuli were written in IPA form to the 
speaker.  

2.2. Corpus 

There were seven lexical tones in Hailu Hakka language. Five of 
them were unchecked tones, and two of them were checked tones. 
The number “1” referred to the lowest tone value, and the 
number “5” referred to the highest tone value. The unchecked 
tones were represented by a pair of numbers; whereas the 
checked tones were represented by only a single number. In 
addition, there were three different level tones (Tone 55: high 
level tone, Tone 33: mid level tone, and Tone 11: low level tone), 
one rising tone (tone 24), and one falling tone (Tone 53) in the 
category of unchecked tone. As for the checked tone, there were 
one high checked tone (Tone 5t) and one low checked tone 
(Tone 3t). All of the stimuli in this study were real words. The 
duration and mean f0 values of all the stimuli in this study were 
shown as Table 1. 
 

Table 1. Durations and mean f0 for words with nasal coda 
and zero coda. 

zero 
coda 

duration 
(ms) 

mean 
f0 (Hz) 

nasal 
coda 

duration 
(ms) 

mean  
f0 (Hz) 

Tone55 871.589 191.984 Tone55 968.371 180.187 
Tone33 908.943 137.652 Tone33 1083.062 124.824 
Tone11 850.587 100.200 Tone11 911.827 99.802 
Tone53 681.391 148.422 Tone53 774.887 144.308 
Tone24 874.220 154.579 Tone24 905.064 142.646 
Tone5t 247.882 187.600    
Tone3t 241.816 122.563    

2.2.1. Experiment 1 

In experiment 1, the stimuli included both unchecked tones and 
checked tones. Since the subjects were asked to do pair-wise 
comparison, each tone would co-occur with another six lexical 
tones in different trails. All of the stimuli were repeated three 
times in experiment 1, and the order of play was random. The 
stimuli in experiment 1 were shown as Table 2. 
 

Table 2. Stimuli of unchecked tones and checked tones in 
experiment1. 
 

unchecked 
tones 

checked 
tones 

/li55/ /li33/ /li11/ /li53/ /li24/ /lit5/ /lit3/ 

 
The total number of stimuli in experiment 1 was as it followed: 
Tone X * 6 Combinations * 7 Tones * 3 Repetitions = 126 
Tokens 

2.2.2. Experiment2 

In experiment 2, only unchecked tones were utilized as stimuli. 
The effect of nasal coda /-n/, in this section, was concerned, and 
there was no any word with nasal coda carrying a checked tone 
in Hailu Hakka language. So, words carrying checked tones were 
excluded. All of the stimuli were repeated five times, and the 
order of play was random, as well. The stimuli in experiment 2 
were shown as Table 3. 

 
Table 3. Stimuli of zero coda and nasal coda in experiment2. 
 

unchecked 
tones 

checked 
tones 

/li55/ /li33/ /li11/ /li53/ /li24/   
/lin55/ /lin33/ /lin11/ /lin53/ /lin24/   

 
The total number of stimuli in experiment 2 was as it followed: 
Tone X * 2 Conditions * 5 Tones * 5 Repetitions = 100 Tokens 

2.3. Instruments 

A KORG MR-1000 1-bit professional mobile recorder and 
BEHRINGER ECM8000 microphone were used to pick up all 
the utterances. Paradigm software was utilized to play stimuli 
and record participants' responses during the experiments. All 
the stimuli were played via a Beyerdynamic DT880 PRO for 
every participant. 

2.4. Participants 

Ten monolingual Taiwan Mandarin native speakers participated 
in both experiment 1 & experiment 2. They were all students at 
National Chiao Tung University when they participated. The 
numbers of different genders were equal. All of them had no 
linguistics related background, and they had no hearing 
impairment. 

2.5. Procedure 

Every participant would hear two stimuli in every trail. There 
was a 0.5 second pause between the first and second sound files. 
After two stimuli were played, the participants were asked to 
choose which stimulus, namely the first or the second sound file, 
has more the properties of sadness, or which stimulus could 
evoke the emotion of sadness better by pair-wise comparison. 

3. Results 

3.1. Comparison among different lexical tones 

The results were shown as Figure 1 and Table 4. Generally 
speaking, for the level tones, the chosen percentage of low level 
tone 11 was significantly higher than mid level tone 33, and the 
chosen percentage of mid level tone 33 was significantly higher 
than the high level tone 55. As for the checked tones, the low 
checked tone 3t was significantly more often chosen to be the 
tone with more characteristics of sadness than the high checked 
tone 5t.  
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For the rising tone 24 and the falling tone 53, the chosen 
percentage of tone 53 was significantly higher than tone 
24.Comparing high level tone 55, and high checked tone 5t, it 
was noticed that the high level tone 55 was regarded as the tone 
with more properties of sadness than the high checked tone 5t; 
the similar phenomenon was also found in the comparison 
between mid level tone 33 and low checked tone 3t. In other 
words, mid level tone 33 was considered to be sadder than the 
low checked tone 3t by our participants. The differences between 
high level tone 55 & high checked tone 5t and between mid level 
tone 33 & low checked tone 3t were also significant.  

The difference between male and female was not significant.  
 

 

Figure 1: Chosen percentage of different lexical tones. 

Table 4. Comparison among the different contour shapes, 
namely the seven different lexical tones in Hailu Hakka language. 
A one-way ANOVA was used to analyze the differences between 
the pairs of tones. “***”means p<0.001; “**”means p<0.01; 
“*”means p<0.05. FP=female p-value; MP=male p-value; 
CP=Combined p-value. 
 

comparison among different lexical tones 
 FP MP CP 

Tone55 vs. Tone33 *** ** *** 
Tone33 vs. Tone11 ** *** *** 
Tone55 vs. Tone11 *** *** *** 
Tone53 vs. Tone24 0.263 *** *** 
Tone5t vs. Tone3t *** *** *** 
Tone55 vs. Tone5t 0.428 * * 
Tone33 vs. Tone3t * 0.247 * 

 
Female results: Tone55 vs. Tone33: F (1,358) =70.92, 

p<0.001. Tone33 vs. Tone11: F (1,358) =7.698, p<0.001. 
Tone55 vs.  Tone11: F (1,358) =141.2, p<0.001. Tone53 vs. 
Tone24: F (1,358) =1.258, p=0.263. Tone5t vs. Tone3t: 
F(1,358)=43.43, p<0.001. Tone55 vs. Tone5t: F (1,358) =0.6296, 
p=0.428. Tone33 vs. Tone3t: F (1,358) =5.693, p<0.05.  

Male results: Tone55 vs.  Tone33: F (1,358) =9.55, p<0.01. 
Tone33 vs. Tone11: F (1,358) =84.13, p<0.001. Tone55 vs.  
Tone11: F (1,358) =174.8, p<0.001. Tone53 vs. Tone24: F 
(1,358) =89.61, p<0.001. Tone5t vs. Tone3t: F (1,358) =16.52, 
p<0.001. Tone55 vs. Tone5t: F (1,358) =4.454, p<0.05. Tone33 
vs. Tone3t: F (1,358) =1.347, p=0.247. 

Combined results: Tone55 vs.  Tone33: F (1,718) =62.69, 
p<0.001. Tone33 vs. Tone11: F (1, 718) =68.633, p<0.001. 
Tone55 vs.  Tone11: F (1, 718) =311.5, p<0.001. Tone53 vs. 
Tone24: F (1, 718) =29.61, p<0.001. Tone5t vs. Tone3t: F(1, 
718)=56.23, p<0.001. Tone55 vs. Tone5t: F(1, 718)=4.256, 
p<0.05. Tone33 vs. Tone3t: F(1, 718)=5.987, p<0.05.  

3.2. Comparison between nasal coda and zero coda 

The results were shown as Figure 2 and Table 5. Generally 
speaking, the chosen percentage of words with a nasal coda /-n/ 
was significantly higher than the chosen percentage of words 
with a zero coda.  

Although the difference between male and female is not 
significant, there is a tendency that the effect of nasal coda /-n/ 
seemed to be more effective on the female participants. 
 

 

Figure 2: Chosen percentage of words with nasal coda.  

Table 5. Comparison between words with nasal coda and words 
without coda (zero coda). A one-way ANOVA was used to 
analyze the differences between the pairs of tones. “***”means 
p<0.001; “**”means p<0.01; “*”means p<0.05. FP=female p-
value; MP=male p-value; CP=combined p-value. 
 

 comparison between nasal & zero coda 
 FP MP CP 

Tone55 vs. Tone55n *** 0.1118 *** 
Tone33 vs. Tone33n *** *** *** 
Tone11 vs. Tone11n *** ** *** 
Tone53 vs. Tone53n *** *** *** 
Tone24 vs.Tone24n *** ** *** 
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Female results: Tone55 vs. Tone55n: F(1,98)=23.53, 
p<0.001; Tone33 vs. Tone33n: F(1,98)=72.93, p<0.001; Tone11 
vs. Tone11n: F(1,98)=40.92, p<0.001; Tone53 vs. Tone53n: 
F(1,98), p<0.001; Tone24 vs. Tone24n: F(1,98)=44.77, p<0.001. 

Male results: Tone55 vs. Tone55n: F(1,98=2.575, p=0.1118; 
Tone33 vs. Tone33n: F(1,98)=40.92, p<0.001; Tone11 vs. 
Tone11n: F(1,98)=8.469, p<0.01; Tone53 vs. Tone53n: 
F(1,98)=29.37, p<0.001; Tone24 vs. Tone24n: F(1,98)=11.18, 
P<0.01. 

Combined results:Tone55 vs. Tone55n: F(1,198)=19.59, 
p<0.001; Tone33 vs. Tone33n: F(1,198)=44.77, p<0.001; 
Tone11 vs. Tone11n: F(1,198)=40.6, p<0.001; Tone53 vs. 
Tone53n: F(1,198)=73.38, p<0.001; Tone24 vs. Tone24n: 
F(1,198)=47.54, p<0.001. 

4. Discussion 
In the results of comparison among the different lexical tones, it 
was noticed that the low level tone 11 (average f0 = 100.200) 
was the most predominant tone to evoke sadness. The percentage 
of being detected as sadness in the mid level tone 33 (average f0 
= 137.652) was between the low level tone 11 and the high level 
tone 55. The high level tone 55 (average f0 = 191.984) was the 
most ineffective one. The chosen percentage for high level tone 
was 36.67%, for the mid level tone was 65.00%, and for the low 
level tone was 89.72%.  As for the checked tones, the 
effectiveness of low checked tone 3t (average f0 = 122.563) was 
much better than the high checked tone 5t (average f0 = 187.600). 
The chosen percentage for the high checked tone was 29.40%, 
and for the low checked tone was 56.10%. Thus, we infer that 
the average f0 value was the crucial factor for sadness perception 
in lexical tones. This finding basically corresponded to the 
precious studies [4], [5], and [6].  

As for the rising tone 24 (average f0 = 154.579) and the 
falling tone 53 (average f0 = 148.422), the results showed that 
the chosen percentage of the falling tone 53 was significantly 
higher that the rising tone 24. Though the average f0 values of 
the falling tone was lower than the rising tone, the difference was 
about only 6 Hz. However, the chosen percentage between these 
two tones differed by around 16.67 % (the chosen percentage for 
the rising tone: 29.40%; falling tone: 46.10%). So, what were 
other more important factors contributing to the effect of sadness 
between the rising and falling tones? The contour shape was 
inferred to be one of the possible factors. But why the falling 
tone was the better choice for sadness effect of lexical tones 
instead of the rising tone? In the previous study of Sxian Hakka, 
it separated tones into two categories: the ending f0 values more 
than 175Hz and the ending f0 values less than 175Hz [6]. The 
paper believed that if the f0 value in the ending position of a tone 
was less than 175Hz then the tone would be much related to 
sadness; if the f0 value was more than 175Hz, then the tone 
would be less related to sadness.  

Yet, according to our findings, the criteria of the previous 
study of Sixan Hakka would be not so precise, since the f0 
values would differ from the subjects and genders. For example, 
in this paper, all the stimuli were produced by a male native 
speaker, and all the f0 values in the ending position in the lexical 
tones were lower than 175Hz. Thus, we believed that the 
direction of contour would be more important then the actual Hz 
values. In other words, if a lexical tone started with a higher f0 
value, ended with a lower f0 value, which ran in a downward 

direction, it would be much more effective or advantageous for 
the perception of sadness, and vice versa. 

As for the comparison between nasal coda /-n/ and zero coda, 
the results were inspiring. Every lexical tone with nasal coda was 
detected as the tone with the property of sadness. Yet, it was 
noticed that the mid level tone 33 was detected as the saddest 
tone after a nasal coda /-n/ was added to it, which was out of our 
expectation. It was predicted that the level tone 11 with nasal 
coda would be the saddest tone since it had the lowest average f0 
values. Yet, we had some possible explanation for this 
phenomenon after arranging the responses of our participants. 
Many participants said they depended on the nasal coda /-n/, and 
high/low pitches to determine whether a lexical tone related to 
sadness. They felt the stimuli with high pitch were less related to 
sadness, even when a nasal coda /-n/ was added to the stimuli. 
The similar circumstance also occurred in the tones with low 
pitches. They felt the stimuli with low pitches were much related 
to sadness whether there was a nasal coda /-n/ or not.  

Thus, we inferred that the reason for the high chosen 
percentage of the level tone 33 with nasal coda was that the 
subjects were not confident to determine if the level tone 33 was 
related to sadness or not (the chosen percentage of the level tone 
33 in the experiment 1 was only 65%). Therefore, nasal coda 
then became an important cue for them.  

5. Conclusions 
In this paper, we believe that the average f0 value was a crucial 
cue for non-Hakka speakers (native speakers of Taiwan 
Mandarin) to determine whether a level tone and a checked tone 
were related to sadness. Additionally, for the rising tone and 
falling tone, the direction of contour is a more important cue than 
the average f0 values. Moreover, the nasal coda /-n/ does 
contribute to the perception of sadness. 
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