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ABSTRACT 

 
This study examines the influence of common colds 

and its interaction with lexical tones on the voice 

quality of Mandarin speakers. We find that speakers 

with common colds have a significantly lower CPP 

and a higher Jitter compared with healthy speakers, 

implying a greater instability of vibrations and more 

noisy elements in voice production. Such changes are 

largely due to the inflammation of larynx and hypo-

function of vocal folds caused by common colds. Be-

sides, a significant interaction between health condi-

tion and tones is found for HNR and Jitter. Mandarin 

tones with curved pitch contours, including Tone2, 

Tone3 and Tone4, are more susceptible to colds, pre-

senting a greater degradation of voice quality. This is 

mainly caused by the tendency for cold speakers to 

decrease their phonatory efforts and extra vocal ef-

forts required by curved tones. 
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1. INTRODUCTION 

Acoustic parameters obtained in non-invasive man-

ners are objective indicators for speech-related dis-

eases. The accuracy and robustness of acoustic pa-

rameters for disease detection have been confirmed in 

various studies, including asthma, Covid19, Parkin-

son's syndrome and Alzheimer's disease [1, 2]. Voice 

production requires the cooperation of vocal organs, 

such as pharynx, larynx and oral cavity [3]. However, 

speech-related diseases would disturb the function of 

vocal organs, causing significant acoustic differences 

between pathological speakers and normal ones [4]. 

These differences could be captured and quantified by 

various acoustic parameters [5]. 

Due to the connection with external environment, 

vocal organs are highly susceptible to viral infections 

[6]. Upper respiratory tract infection (URTI) is one of 

the most common diseases, causing three to five mil-

lion serious infections each year [7]. Upper respira-

tory tract infection is an acute infection involving the 

sinuses, pharynx, larynx, trachea, and bronchi [8, 9]. 

The common cold is the most common symptom of 

upper respiratory tract infections. Adults are reported 

to catch two to five colds each year, while children 

might catch seven to ten colds annually [10, 11].  

Early symptoms of common colds are headache, 

sneezing, chills and sore throat, and the later symp-

toms involve nasal congestion, cough and hoarseness 

[9, 12]. Even mild symptoms of colds could affect the 

function of vocal cords, causing temporary speech 

disorders including worse voice quality, vocal fatigue 

and reduced pitch range. Severe inflammation of the 

larynx caused by colds may lead to a long-term, or 

even persistent damage to vocal function [13, 14].  

Previous phonetic studies on common colds fo-

cused on the variation of formants, fundamental fre-

quency, spectral peaks and Mel-frequency cepstral 

coefficients between speakers with common colds 

and healthy ones. Related works have proven that fre-

quencies of the first formant (F1) and the second for-

mant (F2) of vowels get lower for the cold condition 

than for the healthy condition. The second Mel-fre-

quency cepstral coefficient also gets significantly 

lower in the state of common cold [15]. The spectral 

peak near 1KHz in nasal consonants shows signifi-

cant decrease for speakers with common colds as well. 

As a measurement of nasality, it suggests a higher na-

sal congestion for cold speakers [16]. Besides, the 

pitch of vowels is lowered during a cold, and an in-

crease in noise is found for stops and liquids [6]. 

It has been noticed that speakers with common 

colds could have different voice quality compared 

with healthy people [17]. However, previous studies 

paid less attention to the effect of common colds on 

voice quality, which has been proven to be reliable 

indicator reflecting the state of the glottis and severity 

of voice disorder [18]. This study aims to fill this gap 

by exploring how common colds influence our voice 

quality, which helps uncover mechanisms of voice 

production for pathological conditions and improve 

the diagnosis of speech-related diseases. Based on 

previous studies, we hypothesized that there exists a 

significant main effect of health condition on voice 

quality. Common colds would lead to a worse perfor-

mance of voice quality. According to the protocol of 

the European Laryngology Society [19] and Ameri-

can Speech-Language-Hearing Association [18], four 

parameters of voice quality, including harmonic-to-

noise ratio (HNR), cepstral peak prominences (CPPs), 

Jitter and Shimmer, were included in the study.  

We also noticed that recording materials used in 

previous works on common colds were mainly sus-

tained vowels with flat pitch contours. Mandarin has 
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four lexical tones classified by their pitch heights and 

pitch contours. Mandarin tones include Tone 1 (high-

flat), Tone 2 (mid-rising), Tone 3 (falling-rising) and 

Tone 4 (high-falling) [20], as shown in Figure 1.  

In previous research on tonal languages, a signifi-

cant interaction between tones and phonation was 

found. Different registers of tones show a clear pho-

nation contrast with each other [21], which implies 

that variations in vocal effort exist for different tones. 

Considering the vocal fatigue and hypofunction of 

vocal folds for the cold condition, there is a tendency 

for speakers with common colds to adjust phonation 

strategy to reduce their phonatory efforts [16]. Thus, 

we proposed our second hypothesis that there exists 

an interaction between health condition and Mandarin 

tones. Some Mandarin tones might be more suscepti-

ble to common colds, presenting a greater degrada-

tion of voice quality. 

 
Figure 1: Four types of Mandarin tones, plotted with nor-

malized time and t-scored pitch height 

 

 

2. METHOD 

2.1 Data 

Audio files in the study were obtained from the Com-

mon Cold Speech Dataset offered by Chinese Lin-

guistic Data Consortium, containing a set of speech 

and corresponding transcriptions recorded by speak-

ers with common colds and healthy speakers. Record-

ings were mono-channel speech saved in Wav format, 

with a sampling rate of 16KHz. Speech data were rec-

orded with professional equipment in a quiet environ-

ment. Each phrase was repeated three times by partic-

ipants to ensure a stable performance.  

Recording materials included numbers, places and 

daily expressions. Almost all possible combinations 

of Mandarin syllables were covered in the design of 

recording materials, and there were sufficient record-

ings for all four Mandarin tones. All participants were 

native Mandarin speakers without any hearing loss or 

major voice damage. The dataset contained 92 partic-

ipants with balanced gender and health condition dis-

tributions, including 45 common cold speakers and 

47 healthy speakers. Half of participants were males, 

while another half were females. Each participant rec-

orded approximately 600 words in average. 

2.2 Data Processing 

We used a pre-trained MFA [22] Mandarin acoustic 

model to perform forced alignment on the recorded 

speech and their corresponding transcriptions at the 

syllable level and the phoneme level. The Mandarin 

acoustic model has already been trained on various 

large-scale Mandarin datasets, with quite good per-

formance and robust error rate. After obtaining the 

alignment, we then manually corrected the inaccurate 

boundaries of syllables and phonemes in the Text-

Grids. After all boundaries being marked and correc-

tified, we used Praat's python interface Parselmouth 

[23] to extract parameters of voice quality from the 

voicing part (the rhyming part with lexical tones) of 

Mandarin syllables. Extracted data were subjected to 

outlier detection to ensure the results of linear mixed-

effects models not being disturbed by outliers.  

As we have mentioned in Section 1, four parame-

ters of voice quality including harmonic-to-noise ra-

tio (HNR), cepstral peak prominences (CPPs), Jitter 

and Shimmer were included in the study. HNR and 

CPPs mainly represent the proportion of noise in the 

sound, while Jitter and Shimmer mainly stand for the 

stability of voice production during the phonation 

stage. To improve the accuracy of parameter extrac-

tion in pathological condition, we adopted the cross-

correlation method for the estimation of fundamental 

frequency, as suggested by the manual of Praat [24]. 

The default range for pitch detection was expanded to 

50Hz (pitch floor) to 600Hz (pitch ceiling). Straight 

line was selected as the regression line to fit the over-

all cepstrum for calculating CPPs. Jitter (local) was 

measured by the average absolute difference between 

lengths of consecutive periods, divided by the aver-

age length. Shimmer (local) was measured by the av-

erage absolute difference between amplitudes of con-

secutive periods, divided by the average amplitude. 

2.3 Statistical Analysis 

In order to determine the effect of health condition 

and its interaction with lexical tones on voice quality 

of Mandarin speakers, we fitted four linear mixed-ef-

fects models for four parameters of voice quality re-

spectively, using lme4 package [25] in R [26]. Health 

condition (healthy vs. cold), tones (Tone1 to Tone4) 

and their interaction were included as fixed effects, 

while random effects were made of by-participant, 

by-gender, and by-item random intercepts. Health 
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