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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 (URT]I) 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].
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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
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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
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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 /me4 package [25] in R [26]. Health
condition (healthy vs. cold), tones (Tonel 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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condition and tones were treatment-coded, with healthy
condition and Tonel as the reference level.

All models were fitted with the backward stepwise
method by removing the random effect capturing the
smallest variance until convergence [27]. Examination
of main effects and interaction effects was based on the
Type III analysis of variance, with anova function in
ImerTest package [28]. Degree of freedom was calcu-
lated with the Satterthwaite's method. Multiple compar-
isons were calculated by emmeans package [29] with
Bonferroni correction. The significance level was set at
0.05, and p-values were obtained with /merTest.

3. RESULTS
3.1 Main effect of health condition on voice quality

Linear mixed effects analysis performed on the CPPs
and Jitter shows significant differences for speakers un-
der different health conditions, as shown in subplots B
and C of Figure 2. Specifically, a significant main effect
of health condition is found on CPPs [F' (1,90) = 11.441,
p =0.001"] and Jitter [F (1,90) = 11.314, p = 0.001*"],
indicating that speakers with common colds have differ-
ent CPPs and Jitter, compared with healthy speakers.
Statistics reveals that health condition does not seem to
cause significant differences in HNR [F (1,90) = 2.856,
p = 0.094] and Shimmer [F (1,90) = 0.0483, p = 0.873],
as shown in subplots A and D of Figure 2.

Figure 2: Error bar plots of HNR, CPPs, Jitter and Shim-
mer for different health conditions
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Given the significant difference in CPPs and Jitter of
speakers under different health conditions, a Bonferroni
corrected post-hoc pairwise comparison was carried out.
Results of post-hoc pairwise comparisons (see Table 1)
show that speakers with common colds have a signifi-
cantly lower CPP compared with healthy speakers [ =
-0.835, t = -3.383, p = 0.001™"]. A lower CPP indicates
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an increase in noise during the process of voice produc-
tion, probably caused by hoarseness and hypofunction
of vocal folds. Besides, speakers with common colds
have a significantly higher Jitter compared with healthy
speakers [ = 0.220, ¢ = 3.364, p = 0.0017"]. A higher
Jitter indicates that more aperiodic vibrations are found
in the phonation stage, which is largely due to asymmet-
rical changes in mass and tension of vocal folds under
pathological condition. Coughs and inflammation of lar-
ynx, which cause discomfort and disturb vocal function,
could lead to an increase in Jitter as well.

Table 1: Results of post-hoc pairwise comparisons
for main effect of health condition. Estimates with
significant p-values are put in bold.

parameter  Contrast /] S.E. tratio p

HNR  cold-healthy -0.764 (0.452) -1.690 0.094
CPPs  cold - healthy -0.835 (0.247) -3.383 0.001
Jitter  cold - healthy  0.220 (0.066) 3.364 0.001
Shimmer cold - healthy ~ -0.075  (0.340) -0.220 0.873

3.2 Interaction between health condition and tones

Significant interaction effects between health condi-
tion and lexical tones are found for HNR [F = 190.85, p
<0.001"] and Jitter [F = 328.12, p < 0.001"*], as shown
in subplots A and C of Figure 3. No significant interac-
tion effects are found in CPPs [F = 0.694, p = 0.556]
and Shimmer [F=2.398, p =0.066], as shown in subplot
B and D. (No significant interaction effect was found in
CPPs, despite the presence of significant simple main
effects of health condition in all four lexical tones.) Sig-
nificant interaction effects in HNR and Jitter indicate
that there are different simple main effects of health con-
dition for voice quality in four Mandarin tones.

Figure 3: Error bar plots of HNR, CPPs, Jitter and Shim-
mer of four tones by different health conditions
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Post-hoc pairwise comparisons (Table 2) were carried
out to further examine the interaction between health
condition and tones. Table 2 shows that difference of
HNR between cold speakers and healthy speakers is sig-
nificant for Tone 3 [ =—1.402, t =-3.075, p = 0.003™"]
and Tone 4 [ = —1.20, t = -2.651, p = 0.009""], but not
for Tonel [ =0.08, t =0.177, p = 0.86] and Tone2 [f =
—0.533, t =-1.164, p = 0.247]. Results also confirm that
the difference of Jitter between speakers with common
colds and healthy speakers is significant for Tone2 [f =
0.196, t = 2.881, p = 0.005™"], Tone3 [B = 0.418, ¢ =
6.165, p < 0.001""] and Tone4 [ = 0.348, t = 5.297, p
< 0.001™], but no significant difference is shown for
Tonel [f =-0.082, t =-1.253, p = 0.213]. Besides, pair-
wise comparisons of Jitter indicate a larger effect size of
health condition in Tone3 [ = 0.418] and Tone4 [ =
0.348] than in Tone2 [ = 0.196].

Table 2: Results of post-hoc pairwise comparisons
for the interaction effect. Differences between cold
and healthy condition in each tone are listed. Esti-
mates with significant p-values are put in bold.

Lexical Tones (cold - healthy) Statistics

Tonel Tone2 Tone3 Toned F Sig.
HNR 0.080 -0.533 -1.402 -1.200 190.95 <0.001
CPPs -0.811 -0.784 -0.841 -0.904 0.694 0.556
Jitter  -0.082  0.196 0.418 0.348 328.12 <0.001

Shimmer -0.535 -0.121  0.331 0.027 2.398 0.066

Parm.

4. DISCUSSION

Results of linear mixed-effects models suggest that there
is a significant main effect of health condition on CPPs
and Jitter. Specifically, the CPPs of cold speakers is sig-
nificantly lower, compared with healthy speakers. Cold
speakers also have higher Jitter values, compared with
healthy ones. As a measurement of overall noise level in
the speech, a lower CPP implies that more aperiodic vi-
brations and noisy elements are found in the voice pro-
duction of cold speakers. As for Jitter, it mainly presents
the stability of vibration of the vocal folds. A higher Jit-
ter suggests that the vocal folds show more tremors and
a greater instability during the phonation stage.
Degradation of voice quality is largely due to the in-
flammation of larynx caused by common colds, which
changes the mass, length and tension of the vocal folds.
Such changes could lead to a more deviant vibration. It
becomes more difficult for speakers with common colds
to maintain a consistent pitch or change their pitch with
ease. Besides, asymmetrical changes in the shape and
temporary hypofunction of vocal folds make it more dif-
ficult to form a complete closure during the contact
phase. More airflows could be spilt out of the vocal folds,
which accounts for an increase of noise and a greater
instability of phonation in cold speakers. Other symp-
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toms of common colds, such as coughing and hoarse-
ness, irritate the vocal folds as well and bring more noisy
portions to the sound.

Results of linear mixed-effects models suggest that a
significant interaction effect between health condition
and lexical tones was found for HNR and Jitter. To be
specific, significant difference of HNR between cold
speakers and healthy speakers was found for Tone 3 and
Tone 4, but not for Tonel and Tone2. Significant differ-
ence of Jitter was found for Tone2, Tone3 and Tone4,
but not for Tone1. Significant interaction between health
condition and Mandarin tones implies that lexical tones
with curved pitch contours, including Tone2, Tone3 and
Tone4, are more susceptible to common colds, present-
ing a more apparent degradation of voice quality.

Modification of fundamental frequency is achieved
through changes in mass, length and tension of the vocal
folds [30]. Therefore, Mandarin tones with curved pitch
contours, including Tone 2 (mid-rising), Tone 3 (falling-
rising) and Tone 4 (high-falling), might require extra vo-
cal efforts and muscle controls during the process of
voice production. Suggested by previous studies, there
is a tendency for cold speakers to adjust their phonation
strategy with a decrease of phonatory effort, considering
the vocal fatigue caused by common colds [15]. Thus,
curved tones which require more phonatory efforts, in-
cluding Tone2, Tone3 and Tone4, show an apparently
poorer voice quality compared to flat Tonel.

Besides, we notice that pairwise comparisons for Jit-
ter show a larger effect size of health condition in Tone3
and Tone4 than in Tone2, despite they are all curved
tones. It is largely due to the difference in the magnitude
and rate for the change of pitch. As shown in Figurel,
Tone3 and Tone4 have greater pitch ranges and steeper
slopes of pitch contour, compared with Tone2. More
phonatory efforts might be required for the production
of Tone 3 and Tone4, to assure a timely and fast-enough
change of the height and slope of the pitch. Besides, the
production of Tone3 and Tone4 passes the lower part of
possible pitch range of speakers, where chaotic oscilla-
tions are usually observed during lax phonation [31].
Thus, a greater degradation of voice quality could be
found in Tone3 and Tone4, than in Tone2.

The study fills the gap of previous phonetic studies on
common colds by exploring the influence of common
colds on voice quality and its interaction with lexical
tones in Mandarin speakers. The study offers a new in-
terface between speech pathology and tone types, which
could be further expanded in relevant studies on other
tonal languages. Studies of the voice quality of colds
speakers could help uncover mechanisms of voice pro-
duction of speakers with speech disorders, and improve
the performance of speech-related disease detection.

Additional investigation in future studies may be nec-
essary to explore the physiological and articulatory fac-
tors underlying the dissimilarities of changing patterns
observed in four parameters of voice quality.
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