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This study examined the differential effects of surgical mask on Cantonese 
consonant, vowel, and tone perception. Forty native Cantonese adults were tested 
with the Cantonese consonant, vowel, and tone identification tasks. Each task 
contained four blocks: quiet-no mask, noisy-no mask, quiet-surgical mask, and 
noisy-surgical mask. Bayesian analyses revealed that the Cantonese listeners 
identified consonants, vowels, and tones with similar accuracies across the four 
blocks. However, in the presence of noise, surgical mask was found to increase 
the response time in identifying vowels. From a theoretical perspective, this study 
offers a phonological account to explain why surgical mask may impede sentence 
comprehension. Practically, the findings suggest that surgical mask has little bearing 
on the ability to accurately identify Cantonese consonants, vowels, and tones, 
though it affects the efficiency in vowel identification.
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1 Introduction

The use of face mask has become increasingly prevalent in our daily lives, especially in the 
wake of the COVID-19 pandemic (Badillo-Goicoechea et al., 2021; Fischer et al., 2021). While 
the primary purpose of face mask is to reduce the transmission of respiratory droplets, their 
potential impact on communication has garnered attention (Badh and Knowles, 2023; Mendel 
et al., 2022; Zhou et al., 2022; Sinagra and Wiener, 2022). Many studies showed that face mask 
negatively impacted speech perception, purportedly due to degraded auditory and visual 
information (Moon et al., 2022; Schwarz et al., 2022; Zhou et al., 2022; c.f. Toscano and 
Toscano, 2021). However, these studies have only tested speech perception at the sentence 
level. Linguistically, sentences are composed of words, which in turn consist of consonants, 
vowels, and in the case of tone languages, tones. To gain a deeper understanding of how face 
mask hinders speech perception, it is crucial to examine not just the sentence level, but also 
the phonological level. To this end, we examined the differential effects of face mask on 
consonant, vowel, and tone perception.

During the COVID-19 pandemic, governments implemented face mask mandates in the 
interest of public health and safety. For example, Hong Kong citizens were legally required to 
wear a face mask in public areas from 2020 to 2023 (Centre for Health Protection, 2023). 
Although face mask mandates have been lifted, they will likely be reinstated in the unavoidable 
event of future respiratory disease pandemics or during influenza seasons. Therefore, face 
mask will always remain a relevant topic to the public and researchers. In the university and 
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school settings, the ability to perceive teachers’ speech is essential to 
learning success. However, face mask has been frequently reported to 
impede speech perception (Badh and Knowles, 2023).

Auditory information plays a crucial role in speech perception. 
All spoken languages in the world contain two basic phonological 
units, namely consonants and vowels. Acoustically, formant 
frequencies play a key role in defining and distinguishing vowels 
and consonants in speech (Cutler, 2015). Vowels are primarily 
characterized by their distinct formant patterns, with each vowel 
having a unique combination of formant frequencies (Ladefoged 
and Johnson, 2011). For instance, the vowel /i/ is defined by a low 
first formant frequency (F1) and a relatively high second formant 
frequency (F2), resulting in its perception as a front, close vowel. 
Consonants, on the other hand, are characterized by their formant 
transitions and spectral properties (Ladefoged and Johnson, 
2011). For example, the consonant /s/ is characterized by a high-
frequency spectral noise, with a rapid decrease in formant 
frequencies during its production. These formant cues provide 
crucial information for accurate perception and discrimination of 
vowels and consonants in spoken language. In tone languages such 
as Cantonese, tones have distinctive fundamental frequency (F0) 
patterns (Choi et al., 2017a, 2017b; Choi and Chiu, 2023). For 
example, the Cantonese high level tone has a high F0 height and 
flat F0 contour, whereas the low rising tone has a low F0 height 
and a rising F0 contour.

Besides auditory information, visual information plays some role 
in speech perception. Researchers have suggested that visual 
information, primarily derived from observing mouth movements 
and shape, provide complementary information that enhances speech 
perception (Balan and Maruthy, 2018; Hazan et al., 2006; Yuan et al., 
2021). For example, the vowel /a/ has an open mouth shape whereas 
the vowel /i/ has a closed mouth shape. Regarding mouth movement, 
the consonant /w/ involves a lip protrusion movement whereas the 
consonant /k/ does not. In the articulatory aspect, tone production 
involves modulating the rate of laryngeal vibration instead of 
supralaryngeal articulators, so visual information does not cue tones 
(Hong et al., 2023). Although visual information is not essential for 
consonant and vowel perception in normal conditions (e.g., we can 
still identify speech accurately on phone), their functions will become 
more evident when acoustic signals are degraded (e.g., noisy) or 
poorly detected (e.g., deafness) (Giovanelli et al., 2021; Yi et al., 2021). 
However, visual information will be blocked when we wear a face 
mask, because it physically covers our mouth. While wearing 
transparent face mask can be a potential alternative, they are less 
capable of transmitting auditory information than the traditional ones 
(Atcherson et al., 2017, 2021), and thus are not adopted in our study.

In addition to obscuring visual information, face mask is also 
found to degrade auditory information (Atcherson et  al., 2021; 
Giuliani, 2020; Zhang et  al., 2025). A recent study analyzed the 
sentence productions of three Cantonese talkers across various 
conditions: no mask, surgical mask, KF94 mask, face shield, and face 
shield with surgical mask (Zhang et  al., 2025). It was found that 
surgical and KF94 masks not only attenuated sound pressure levels 
more intensely at higher frequency ranges, but they also shrank the 
vowel spaces derived from formant frequencies. Moreover, they 
influenced tone production, by increasing the F0 height for the high 
level tone, and shortening the tone duration for both the high and low 
level tones. Collectively, the results suggest that face mask can degrade 

the acoustic information of consonants, vowels, and some tones, 
supporting the view that face mask may act as a physical low-pass filter 
which attenuates acoustic information, especially in higher 
frequency regions.

Of interest to us is the perceptual consequence of face mask. 
Theoretically, face mask degrades and obscures the auditory and visual 
information of speech, so it should negatively affect speech perception. 
A recent study assessed Mandarin listeners’ signal-to-noise ratio 
(SNR) at which they could understand 50% of the 20 sentences heard 
(Zhou et al., 2022). There were four conditions, namely no-mask, 
surgical mask, N95 mask with face shield, and transparent mask. 
Relative to their own performance in the no-mask and transparent 
mask conditions, Mandarin listeners required a higher SNR in the 
surgical mask and N95 mask with face shield conditions. This 
suggested that surgical and KN95 masks hindered 
sentence comprehension.

However, the findings have not always been consistent 
(Mendel et al., 2022; Moon et al., 2022; Schwarz et al., 2022). In a 
recent study, English adults and children were tasked with 
repeating the last word of sentences read aloud by a talker with 
and without surgical mask (Schwarz et al., 2022). As expected, the 
listeners had a lower accuracy and longer response time in the 
surgical mask condition. However, in the presence of semantic 
cues, the negative effect of surgical mask was eliminated among 
the adults and mitigated among the children. In another study, 
there was simply no significant effect of surgical mask and KN95 
mask on English sentence repetition (Mendel et  al., 2022). 
Complicating the picture, another study found a negative effect of 
KF94 mask on Korean sentence repetition, but the effect 
disappeared when listeners could see the talker (albeit wearing a 
mask) (Moon et al., 2022). Collectively, there is some inconsistent 
evidence suggesting that face mask may hinder speech perception 
at the sentence level.

The present study set out to address a research gap, namely the 
differential effects of face mask on consonant, vowel, and tone 
perception. As reviewed, previous studies have focused on sentence 
comprehension or repetition (e.g., Mendel et al., 2022; Moon et al., 
2022; Zhou et al., 2022). While it is more functional to assess the 
impact of face mask at the sentence level, assessing only sentences will 
limit our understanding of how face mask impedes speech perception. 
From a phonological perspective, consonants, vowels, and tones (in 
tone languages) are the basic phonological units of speech (Bauer and 
Benedict, 1997; Ladefoged and Johnson, 2011). If face mask impedes 
speech perception at the sentence level, is it because it impedes 
consonants, vowels, tones, or all of them?

We hypothesize that face mask has more detrimental effects on 
consonant and vowel perception than on tone perception. Acoustically, 
face mask dampens sounds at higher frequencies over 1.5 kHz 
(Giuliani, 2020). This high frequency range corresponds to formant 
frequencies which cue consonants and vowels. On the other hand, 
tones are F0 variations and the average F0 of human voices are only 
195.8 Hz for female voices and 112 Hz for male voices, far below 
1.5 kHz (Oliveira et al., 2021). Visually, face mask occludes mouth 
shape and movement which cue consonants and vowels especially in 
noise (Giovanelli et al., 2021; Yi et al., 2021). However, visual cues are 
not relevant to tones (Hong et  al., 2023). Collectively, face mask 
attenuates auditory information and occlude visual ones, but these 
may be more detrimental to the perception of consonants and vowels 
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compared to tones. Therefore, we posit that face mask would hinder 
consonant and vowel perception, but not tone perception.

In daily lives, speech is seldom heard in a quiet environment like 
the sound booth. To generalize our potential findings beyond the 
laboratory setting, we added a noisy condition in which audio stimuli 
were presented along with environmental noise. While most previous 
studies only measured accuracy, our study measured response time as 
well (e.g., Mendel et al., 2022; Moon et al., 2022). This enabled us to 
reflect the impact of face mask on both accuracy and efficiency in 
perceiving consonants, vowels, and tones.

In short, what is known is that face mask hinders speech 
perception at the sentence level. What is not known is whether face 
mask hinders speech perception at the phonological level. We 
hypothesize that face mask hinders the perception of consonants and 
vowels but not tones. As the surgical mask is the most commonly used 
type of face mask in Hong Kong, we  focused on it for maximal 
practical impact. To recap, our research question is: What are the 
differential effects of surgical mask on consonant, vowel, and 
tone perception?

2 Methods

We recruited 40 native Cantonese listeners (14 male and 26 
female) from The University of Hong Kong. They met the following 
inclusion criteria: (1) learnt Cantonese as mother tongue, (2) self-
reported typical hearing, (3) typical or typical corrected vision, and 
(4) no history of speech and language disorder. As one participant 
dropped out during the experiment, the final sample contained 39 
participants (mean age = 28 years, SD = 11.84 years).

The experiment took place in a sound booth at The University of 
Hong Kong. The participants completed the consonant, vowel, and 
tone identification tasks in a randomized order. During the 
experiment, the participants wore Sennheiser HD280 PRO 
headphones. The tasks were run on PsychoPy using a laptop. The 
internal consistency of the identification tasks was high (Cronbach’s 
alpha reliability = 0.89).

2.1 Consonant identification task

2.1.1 Stimuli
The stimuli contained /pa1/ 爸, /tsha1/ 叉, /fa1/ 花, /ka1/ 家, /ha1/ 

蝦, and /wa1/ 蛙. They are real Cantonese words that differ only in 
their consonants, but not vowels and lexical tones. As 
Supplementary Table S1 shows, the consonants /p/, /tsh/, /f/, /k/, /h/, 
and /w/ represent different places (bilabial, alveolar, labiodental, velar, 
glottal, and labial-velar) and manners of articulation (plosive, affricate, 
fricative, and glide).

Two native Cantonese talkers, one male and one female, took 
part in the stimuli recording. They were undergraduate students 
majoring in Speech-language Pathology. Audio recording was done 
in a sound booth with a Shure SM58 Dynamic Vocal Mic at a 
sampling rate of 44.1 kHz. Video recording was done with a camera 
of professional quality. The two talkers were asked to sit 10 cm away 
from the microphone and naturally produce the words in isolation. 
After recording the unmasked stimuli, they were given a surgical 
mask. They then recorded the same words while wearing the surgical 

mask. Earlier research indicated that individuals might adjust their 
speaking style under challenging conditions (Nguyen et al., 2021). 
Thus, we  requested the talkers to read the words in their usual 
manner and avoid making deliberate modifications to their voices 
while wearing a surgical mask, such as speaking louder or articulating 
excessively (Zhang et al., 2025). The audio stimuli are available on 
OSF (https://osf.io/7snq8/?view_only=7d240ee8c715446ba8173fee
2ea7de61).

2.1.2 Stimuli presentation
We adopted a forced-choice identification task with four blocks: 

quiet-no mask, noisy-no mask, quiet-surgical mask, and noisy-surgical 
mask. In the no-mask blocks, the talkers did not wear any surgical 
mask. In the surgical mask blocks, the talkers wore a surgical mask (see 
Supplementary Figure S1). On each trial, an audio and a video were 
simultaneously presented with a headphone and a computer screen, 
respectively. In the noisy but not the quiet blocks, a white noise of 52 
dBSPL collected from a school environment was presented along with 
the audio stimuli. This level of noise was on a par with the noise levels 
suggested in previous studies (Atcherson et al., 2017; Hampton et al., 
2020). After stimulus presentation, six written words 爸, 叉, 花, 家, 蝦, 
and 蛙 were simultaneously shown on the computer screen (see 
Supplementary Figure S2). The participants then chose as quickly as 
possible the written word which corresponded to the stimulus 
presented. The order of presentation of blocks was randomized. The 
task started with four practice trials, in which feedback on accuracy 
was provided. Then, there were 96 experimental trials without feedback 
(6 syllables × 2 talkers × 2 repetitions × 4 blocks). On each trial, 
we recorded the accuracy and response time.

2.2 Vowel identification task

2.2.1 Stimuli
The stimuli contained /si1/ 詩, /sy1/ 書, /sa1/ 沙, /sou1/ 蘇, /sɵy1/ 

需, and /sɐu1/ 收. They are real Cantonese words that differ only in 
their vowels, but not consonants and lexical tones. Half of the vowels 
are monophthongs and the other half are diphthongs. The vowels 
differ in tongue height, blackness, and/or lip rounding (see 
Supplementary Table S2). They were recorded by the same talkers with 
the same set-up and procedure as above. Figure 1 illustrates the vowel 
space areas encompassed by the three extreme vowels /a/, /i/, and /ou/.

2.2.2 Stimuli presentation
We adopted the same procedure as the consonant identification 

task. There were 96 experimental trials in total (6 syllables × 2 talkers 
× 2 repetitions × 4 blocks).

2.3 Tone identification task

2.3.1 Stimuli
The stimuli contained /ji1/ 衣, /ji2/ 椅, /ji3/ 意, /ji4/ 兒, /ji5/ 耳, 

and /ji6/ 二. They are real Cantonese words that differ only in their 
tones, but not consonants and vowels. The tones differ mainly in F0 
height, F0 contour, or both (see Supplementary Table S3). They were 
recorded by the same talkers with the same set-up and procedure 
as above.
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2.3.2 Stimuli presentation
We adopted the same procedure as above and there were 96 

experimental trials (6 syllables × 2 talkers × 2 repetitions × 4 blocks).

3 Results

3.1 Mean accuracy analysis

We conducted Bayesian two-way ANOVAs on the mean accuracy 
in the consonant, vowel, and tone identification tasks. The 

within-subject factors were mask (no-mask and surgical mask) and 
noise (quiet and noisy). We used a uniform prior that is relatively 
objective (Jaynes, 2003). When interpreting the Bayes factor, we took 
reference of the strength of evidence which was heuristically defined 
by Lee and Wagenmakers (2013).

In the consonant, vowel, and tone identification tasks, the best fit 
models were the null model (see Table 1 and Supplementary Figure S3). 
Their BF01 ranged from 3.73 to 68.82, 1.81 to 23.86, and 4.39 to 81.90, 
respectively. In other words, there was moderate to very strong, anecdotal 
to strong, and moderate to very strong evidence favoring the null model 
in the consonant, vowel, and tone perception tasks, respectively.

TABLE 1 Model comparisons relative to the best-fit models of mean accuracy.

Model P(M) P(M|data) BFM BF01 Error %

Consonant models

Null 0.20 0.63 6.82 1.00

Noise 0.20 0.17 0.81 3.73 2.89

Mask 0.20 0.15 0.71 4.16 1.93

Mask + Noise 0.20 0.04 0.17 15.63 2.26

Mask + Noise + Mask * Noise 0.20 0.01 0.04 68.82 2.55

Vowel models

Null 0.20 0.49 3.90 1.00

Mask 0.20 0.27 1.50 1.81 4.43

Noise 0.20 0.14 0.64 3.57 2.32

Mask + Noise 0.20 0.07 0.32 6.63 2.28

Mask + Noise + Mask * Noise 0.20 0.02 0.08 23.86 3.37

Tone models

Null 0.20 0.66 7.83 1.00

Mask 0.20 0.15 0.71 4.39 1.08

Noise 0.20 0.15 0.68 4.54 0.94

Mask + Noise 0.20 0.03 0.14 19.75 1.39

Mask + Noise + Mask * Noise 0.20 0.01 0.03 81.90 2.73

FIGURE 1

Mean vowel space areas of the vowel stimuli produced by both talkers with and without a surgical mask.
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3.2 Mean response time analysis

We conducted similar Bayesian two-way ANOVAs as above, but 
with mean response time in correct trials as the dependent variable. 
For consonant perception, the best-fit model was the null model, with 
the BF01 ranging from 2.33 to 39.95, indicating anecdotal to very 
strong evidence (see Table 2 and Figure 2).

For vowel perception, the best-fit model was the full model with 
the main effects of mask and noise, and their interaction (see Table 2). 
The BF01 ranged from 8.11 to 37.45, indicating moderate to very 
strong evidence. Next, we unpacked the interaction between mask and 
noise at the level of noise (see Supplementary Table S4). In the quiet 
condition, the null model was favored (BF01 = 1.44). However, in the 
noisy condition, the best fit model was the model with the main effect 
of mask (BF01 = 2.63). Post-hoc comparison showed that the mean 
response time was longer in the masked condition than in the 
unmasked condition (BF10 = 2.45).

For tone perception, the best-fit model was the model with the 
main effect of noise (see Table 2). The BF01 ranged from 3.96 to 223.69, 
indicating moderate to extreme evidence. Post-hoc comparison 
showed that the response time was longer in the noisy condition than 
in the quiet condition (BF10 = 459.69).

4 Discussion

This study set out to investigate the differential effects of surgical 
mask on consonant, vowel, and tone perception. We hypothesized that 

surgical mask would hinder the identification of consonants and 
vowels but not tones. Consistent with our hypothesis, surgical mask 
did not hinder tone identification. Unlike previous studies which used 
frequentist analysis (e.g., Toscano and Toscano, 2021), the present 
study used Bayesian analysis. Therefore, the similar performance of 
the Cantonese listeners across the no-mask and surgical mask 
conditions cannot be attributed to the lack of statistical power (e.g., 
sample size) in detecting the effect of surgical mask. Instead, we have 
yielded moderate to extreme evidence supporting the absence of the 
effect of surgical mask on tone perception.

Why does surgical mask not hinder tone perception? One likely 
explanation is that surgical mask does not acoustically influence 
Cantonese tones. As mentioned, the F0 range of tones is far below the 
high frequency range that face mask typically dampens (Giuliani, 
2020; Oliveira et  al., 2021). Indeed, our Cantonese tone stimuli 
produced with and without surgical mask did not differ significantly 
in F0 height, onset F0, offset F0, F0 slope, and even duration (see 
Supplementary material). As surgical mask does not acoustically alter 
Cantonese tones, and visual cues are irrelevant to tones (Hong et al., 
2023), surgical mask does not hinder tone perception.

Hypothetically, surgical mask might have acoustically altered our 
Cantonese tone stimuli, but our number of stimuli was too small to 
register the acoustic difference. In particular, a production study 
found surgical mask to decrease the durations of the Cantonese high 
level and low level tones (Zhang et al., 2025). Furthermore, the study 
reported an increase in the F0 height in the Cantonese high level tone. 
Even if we assume that surgical mask acoustically alters Cantonese 
tones, these acoustic alterations should have little bearing on 

TABLE 2 Model comparisons relative to the best-fit models of mean response time.

Model P(M) P(M|data) BFM BF01 Error %

Consonant models

Null 0.20 0.55 4.90 1.00

Noise 0.20 0.24 1.24 2.33 1.85

Mask 0.20 0.14 0.64 4.02 2.85

Mask + Noise 0.20 0.06 0.26 8.90 2.80

Mask + Noise + Mask 

* Noise

0.20 0.01 0.06 39.95 2.33

Vowel models

Mask + Noise + Mask 

* Noise

0.20 0.77 13.59 1.00

Noise 0.20 0.10 0.42 8.11 7.84

Null 0.20 0.09 0.40 8.58 8.06

Mask + Noise 0.20 0.02 0.09 36.06 7.96

Mask 0.20 0.02 0.08 37.45 9.21

Tone models

Noise 0.20 0.67 8.16 1.00

Mask + Noise 0.20 0.17 0.82 3.96 7.17

Mask + Noise + Mask 

* Noise

0.20 0.14 0.67 4.68 3.96

Null 0.20 0.01 0.05 50.59 3.08

Mask 0.20 0.00 0.01 223.69 3.75
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Cantonese tone identification, for two possible reasons. First, all six 
Cantonese tones are not contrastive in duration, so duration is not a 
reliable cue. Although the three entering tones (i.e., allophones of 
high-, mid-, and low level tones) have shorter durations compared to 
the other tones, they always end with /p/, /t/, or /k/, unlike the latter. 
According to our consonant identification results, surgical mask does 
not affect Cantonese consonant identification, indicating the final 
consonant cues of the Cantonese entering tones are still available. 
Thus, duration is a redundant cue even for the entering tones in the 
surgical mask condition. In other words, even if we  hold the 
assumption that face mask decreases the durations of the Cantonese 
high level and low level tones (Zhang et al., 2025), it bears little impact 
on tone identification. Second, Cantonese high level tone has the 
highest F0 height compared with the other Cantonese tones. Further 
increasing the F0 height would not affect the phonemic status of the 
high level heard. In other words, listeners may at worst perceive the 
altered high level tone as higher in F0 than usual, but are still able to 
identify it as the high level tone.

Inconsistent with our hypothesis, surgical mask did not affect 
listeners’ accuracy in identifying consonants and vowels. As 
we requested our talkers to avoid excessive articulation and other 
deliberate vocal modifications while wearing a surgical mask, surgical 
mask indeed shrank the vowel space of our vowel stimuli (see Figure 1; 
see also Joshi et  al., 2023; Zhang et  al., 2025). Importantly, the 
Cantonese listeners identified the Cantonese vowels with similar 
accuracy across no-mask and surgical mask conditions, suggesting 
that the acoustic alterations did not affect vowel identification. The 
same was true for consonant identification, with moderate to very 
strong evidence. Even in the noisy condition, the removal of visual 
information did not affect how accurately the Cantonese listeners 
identified consonants and vowels. For typical hearing listeners, visual 
information serves as a complementary cue for speech perception in 
challenging conditions. It appeared that, even after some auditory 
attenuation, the face-masked speech has preserved adequate auditory 
information characterizing the consonants and vowels. Even in noise, 

our Cantonese listeners could still accurately utilize the auditory 
information for consonant and vowel identification.

However, surgical mask increased the response time in identifying 
vowels in noise. Although surgical mask does not affect how accurately 
the Cantonese listeners identify consonants, vowels, and tones, it 
affects how efficiently they perceive vowels. When the vowels are 
masked with noise, visual information can help resolve ambiguities 
(Giovanelli et al., 2021; Yi et al., 2021). When visual information is 
occluded, listeners need to solely rely on the auditory process and 
devote extra cognitive resources to discriminate the vocalic signal 
from the noise. Regarding consonants, visual information can cue the 
place of articulation (e.g., bilabial versus labiodental). Nevertheless, 
surgical mask did not affect how efficiently the Cantonese listeners 
identified consonants in noise. A possible reason is that consonantal 
contrasts may be more acoustically salient than vowel contrasts, and 
therefore less susceptible to the influence of noise.

4.1 Implications and future directions

In the broader literature, the present findings can potentially 
explain why face mask affects sentence comprehension (Mendel et al., 
2022; Moon et al., 2022; Zhou et al., 2022). In the noisy condition, 
listeners may still accurately identify consonants, vowels, and tones in 
face-masked speech. However, listeners need to devote more cognitive 
resources (e.g., working memory) to identify vowels with 
impoverished auditory and visual information. As a result, less 
cognitive resources become available for other cognitive processes 
involved in sentence comprehension, such as the retrieval of words, 
syntax, and prior knowledge (Gillam et al., 2019).

Our findings have some practical implications for the 
implementation of face mask in universities and schools during 
respiratory disease outbreaks or influenza seasons (World Health 
Organization, 2021). Despite the public health value of face mask, 
parents in Hong Kong and potentially elsewhere express concerns 

FIGURE 2

Mean response time in correct trials across the four blocks in the consonant, vowel, and tone identification tasks.
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about their children’s ability to hear teachers clearly, which may impact 
their learning at school or university. To address these concerns, our 
study indicates that face mask does not bear a detrimental effect on 
how accurately listeners perceive consonants, vowels, and tones. 
However, since face mask affects how efficiently listeners perceive 
vowels, it is still possible for it to affect Cantonese sentence 
comprehension. Future studies are needed to investigate this possibility.

There are several avenues to extend our study. Given the paucity 
of related research, we  examined consonant, vowel, and tone 
perception. To maximize the practical implication for the Cantonese 
population, future studies should examine the effect of face mask on 
Cantonese sentence comprehension. Moreover, we tested adults in our 
university rather than school-age children. To better inform parents 
and teachers in primary schools and pre-schools, testing children in a 
classroom-like environment is necessary. Lastly, we only focused on 
surgical mask since it is most commonly used in classrooms in Hong 
Kong. Including medical grade protections (e.g., KN95 and face 
shields) in future studies can have implications for medical workers.

5 Conclusion

Despite its documented negative impact on the transmission of 
auditory signals, surgical mask was found to have little bearing on the 
ability to accurately identify Cantonese consonants, vowels, and tones 
in our study. This holds true across quiet and noisy conditions. However, 
surgical mask affects how efficiently Cantonese listeners identify vowels 
in noise. In the theoretical aspect, this study offers a phonological 
account to explain why surgical mask may impede sentence 
comprehension (Mendel et al., 2022; Moon et al., 2022; Zhou et al., 
2022). Concerning the practical impact of surgical mask, our findings 
suggest that Cantonese students may not show marked difficulties in 
identifying consonants, vowels, and tones, but they may indeed be less 
efficient in identifying vowels in noise. Ultimately, we believe that the 
decision to wear a face mask or not is a value judgment.
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