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ABSTRACT

The objective was to measure the effect of various face masks on speech recognition threshold and the
word recognition score in the presence of varying background noise levels. 20 normal-hearing adult
subjects (a total of 40 ears) participated. Pure tone audiometry followed by speech recognition threshold
and word recognition score at the most comfortable level in varying signal-to-noise ratios (SNRO, SNR10,
and SNR15) using surgical, pleated cloth, and N95 masks. Using surgical, cloth, and N95 masks, speech
recognition thresholds increased by 1.8 dB, 4.4 dB, and 5.05 dB, respectively. Word recognition scores
decreased by 32% without a mask, 43.7% in a surgical mask, 46.3% in a cloth mask, and 46.7% in N95 mask
conditions, between SNR15 and SNRO. The speech recognition threshold was negatively affected with
cloth and N95 masks. Surgical masks do not affect the word recognition scores at lower background
noise levels. However, as the signal-to-noise ratio decreased, even the surgical, cloth, and N95 masks
significantly impacted the word recognition score even in normal-hearing individuals.

© 2022 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the COVID-19 pandemic, the introduction of routine use of
the face mask became an effective aid in reducing the onward
transmission of viral contamination by asymptomatic and pre-
symptomatic persons. Therefore, face masks became a potential
tool to tackle the COVID-19 pandemics since the initial outbreak
(Marler and Ditton, 2020). Many countries have made it essential to
wear face masks for every citizen in public and private places for
this concern.

Various masks have varying filter characteristics, depending on
their design and material (Brosseau, 2009). Multiple studies have
focused on the filtration effect of aerosol or droplet exposure of
N95, surgical, and cloth masks. The N95 face mask has the most
excellent filtration (95%) for droplets and aerosols. The single-
layered cloth mask has the least protection; however, a three-
layered cloth mask performs equally as a medical or surgical
mask (Aydin et al., 2020; Konda et al., 2020). Centers for Disease
Control and Prevention (CDC) recommends a NIOSH-approved
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respirator N95 mask and KN95 for the best protection followed
by a surgical disposable mask and a cloth mask with the least
protection (Geoge Alba, 2020; Lydia, 2020; Asadi et al., 2020;
Maclntyre CR et al., 2015).

When all forms of messages are delivered accurately and
appropriately, it is referred to as intelligible communication.
Effective communication is the cornerstone for patient safety and
health care professionals, where the content of information shared
must be complete, accurate, timely, unambiguous, and understood
between them (Peelle, 2018; Pichora-Fuller, 2016). Hence, intelli-
gible communication is essential in personal or professional set-
tings. Face masks can result in detrimental effects on verbal
communication and speech intelligibility by occluding important
visual cues from mouth and lip gestures, interfering with natural
articulatory movements, and altering speech acoustic features
(McGurk, 1976; Bond et al., 1989; Murthy et al., 1995; Wieczorek,
2013; Palmiero et al., 2016). Recent studies on the acoustic effect
of masks on speech signals have reported that masks serve as a
low-pass filter and the high-frequency range (above 1 kHz) of
spoken speech is primarily attenuated by 3—4 dB with a simple
medical mask and close to 12 dB with the N95 masks (Corey et al.,
2020; Wolfe et al., 2020; Balamurali BT et al., 2021).

Speech perception is more difficult for hard of hearing than
normal hearing, especially in circumstances of varying background
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noise levels (Wilson, 2010; Smith, 2012). Many studies have
addressed the attenuation effect of masks on speech. But listening
to an individual wearing a mask and recognizing words at different
background noise levels can have more impact even on a normal
hearing person. Thus, the current study aimed to evaluate speech
recognition threshold (SRT) and word recognition score (WRS) in
individuals with normal hearing at different Signal-to-Noise ratios
(SNRs) with and without a mask.

2. Methodology

An observational, cross-sectional study was conducted with 20
adults (aged 18—23 years; mean = 20.3 years) with confirmed
normal hearing thresholds (<15 dBHL) for pure tone at octave
frequencies from 0.25 to 8 kHz in both ears. The audiological
assessment was conducted using an Interacoustics immittance
audiometer AT235, and AC40 Hybrid clinical audiometer with TDH-
39 supra-aural earphones. Puretone and speech audiometry were
performed in a double-walled and two-chambered sound-treated
room, as per the American National Standard Institute (ANSI, 2008).

To measure the attenuation effect of face masks on speech
audiometry tests, the clinician wore a face mask covering the
mouth and nose. Three types of masks were used in the study a) the
surgical mask (double-layered), b) cloth mask (pleated single-
layered), and c) N95 mask (5-layered). The modified and stan-
dardized Hindi version consists of two lists of 38-spondee words
and two lists of 50-phonetically balanced words that were used
(Abrol BM, 1971; De NS, 1973). SRT measurement was started at
25 dB above the pure-tone average (average of 500 Hz, 1 kHz, and
2 kHz) by presenting the spondee word through the VU meter to
monitor and maintain the same intensity of the voice. Once the
listener repeated the correct word, the intensity was descended by
a 5 dB step. SRT was recorded where the participant could repeat
50% of the spondee words presented (Chaklin and Ventry, 1964).
The WRS measurement was started at 40 dB above the SRT. The
most comfortable level (MCL) was set prior to measuring the WRS.
The percentage of correct responses was calculated as the word
recognition score (ASHA, 1979). The presentation of both spondee
and PB-words from each of the lists was randomized during
recording.

Signal-to-noise ratios usually vary from 10 to 20 dB in schools
and homes; however, 0—8 dB in public and cocktail party envi-
ronments (Nabelek, 1985; Pearsons, 1976; Plomp, 1977). Hence, to
make the test situation more representative of real-life listening we
also opted following three levels of SNRs (1) SNRO: signal and noise
presented at the same level; (2) SNR10: signal presented 10 dB
above the level of noise; (3) SNR15: signal presented 15 dB above
the level of noise. The speech-shaped noise of frequency charac-
teristic 125—6000 Hz falling 12dB/octave above 1 KHz + 5 dB was
used.

The same clinician wore each type of mask. To avoid an order
effect, the presentation of words from each spondee and PB word
lists was randomized. Also, different SNRs and mask conditions
were randomized to avoid the ceiling effect. Speech audiometry
was conducted for all participants under the following four
conditions:

e Condition 1- no mask: SRT & WRS at SNRO, SNR10, and SNR15.

e Condition 2 - surgical mask: SRT & WRS at SNRO, SNR10, and
SNR15.

e Condition 3 - cloth mask: SRT & WRS at SNRO, SNR10, and
SNR15.

e Condition 4 - N95 mask: SRT & WRS at SNRO, SNR10, and SNR15.

The statistical analysis was conducted using SPSS version 20.0.
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The ANOVA test was used to compare the levels of SRT and WRS at
various SNRs. The mean differences between the groups were
investigated using Tukey post-hoc multiple comparisons.

Ethical approval was obtained from the Institutional Ethics
Committee (reference: INT/IEC/2021/SPL-237). A written and
signed informed consent form was taken from all participants.

3. Results

Participants in the study had bilateral normal middle ear func-
tion, as evidenced by a normal tympanogram (Type-A). Fig. 1 shows
the average pure-tone thresholds of both ears at tested octave
frequencies from 250 Hz to 8000 Hz. The pure-tone average (PTA,
average of mean threshold obtained at 500 Hz, 1000 Hz, and
2000 Hz) of 40 ears was 8.77 + 1.02 dBHL. A student t-test was
applied to compare the mean thresholds of right and left ears. The
hearing sensitivity data between ears did not show a statistically
significant difference (p > 0.05). Hence, the right and left ear data
were combined for further analysis based on the results of the work
conducted by Beattie RC et al., 1997 wherein it was reported that
WRS are equivalent for the right and left ear and there is no right
ear advantage.

Fig. 2 shows the graphical representation of the speech recog-
nition thresholds (SRTs) obtained without a mask and with
different types of masks. The average SRT without a mask was
12.5 + 3.02dBHL however, 14.3 + 3.22dBHL with a surgical mask,
16.8 + 3.03dBHL with a cloth mask, and 17.55 + 3.07 with an N95
mask (as shown in Table 1). The ANOVA test was applied to
compare SRT obtained without a mask and with different masks.
Results showed a statistically significant (F(3, 156) = 22.53;
p < 0.001) difference between without a mask, surgical mask, cloth
mask, and N95 mask conditions. Tukey multiple comparisons were
performed to compare the differences between two means of SRT
levels obtained without a mask and with different masks. Results
revealed a statistically significant (p < 0.05) and highly significant
(p < 0.001) difference for all pairs (as shown in Table 2) except
between cloth and N95 masks. The mean SRT without a mask
condition differed by 1.8 dB with a surgical mask, 4.40 dB with a
cloth mask, and 5.05 dB with an N95 mask.

Fig. 3 shows the graphical representation of word recognition
scores (WRS) obtained at different signal-to-noise ratios (SNR15,
SNR10, and SNRO) without a mask and with other masks. The
average WRS at SNR15 was 99.7%, 97.9%, 93.3%, and 92.8%, without
the mask, with a surgical mask, cloth mask, and an N95 mask,
respectively. The average WRS at SNR10 without a mask, with a
surgical mask, cloth mask, and N95 mask was 96.4%, 91.8%, 86.3%,
and 86.2%, respectively. However, a lower mean WRS was recorded
at SNRO without a mask, with a surgical mask, cloth mask, and N95
mask respectively as 67.8%, 54.2%, 47%, and 46.1%. The means of
WRS obtained without a mask and with different masks at SNR15,
SNR10, and SNR was compared using one-way ANOVA (shown in
Table 3). Results revealed a statistically highly significant difference
between the surgical mask, cloth mask, N95 mask, and without a
mask at SNR15 [F(2, 117) = 41.164; p < 0.000], SNR10 [F(2,
117) = 41.129; p < 0.000] and SNRO [F(2, 117) = 38.477; p < 0.000]
as shown in Table 3.

Further, the Tukey post-hoc pairwise comparisons were done to
observe the differences between the means of WRS obtained at
different SNRs (SNR15, SNR10, SNRO) for the following pairs:
without a mask—surgical mask; without a mask—cloth mask;
without a mask—N95 mask; surgical mask—cloth mask; surgical
mask—N95 mask; and cloth mask—N95 mask (as shown in Table 4).
Results revealed a statistically highly significant difference
(p < 0.001) between the means of WRS obtained at SNR15 for the
following pairs: without a mask—cloth mask; without a mask—N95
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Fig. 1. Audiogram, Average Hearing Threshold at Octave frequency from 250 to 8 kHz of the subjects.
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Fig. 2. Mean SRT (in dBHL) of subjects while clinician alternately wore the surgical mask, cloth mask, N95 mask, and without a mask.

Table 1

Comparison of SRT without a mask and with different masks in dBHL.
Mask Condition SRT (mean + SD in HL) F-value p-value
Without Mask 12.5 + 3.02 22.53 0.000%**
Surgical mask 143 +3.22
Cloth mask 16.8 + 3.03
N95 mask 17.55 + 3.07

*#xStatistically highly significant (p < 0.001).

mask; surgical mask—cloth mask, and surgical mask—N95 mask.
However, no significant (p > 0.05) difference was observed for the
pairs without a mask—surgical mask and cloth mask—N95 mask.
Similarly, at SNR10 and SNRO, a statistically highly significant dif-
ference (p < 0.001) was observed for all the above said pairs except
the cloth mask—N95 mask pair (p > 0.05), as shown in Table 4.
We also made the Tukey post-hoc multiple comparisons be-
tween different SNRs for WRS without a mask and with varying
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conditions of the mask. Results (shown in Table 5) depicted a sta-
tistically highly significant (p < 0.0001) difference between the
mean WRS obtained at different SNRs with and without a mask,
except for without a mask condition at SNR15 and SNR10 (p = 0.118,
not significant). Results also depicted that without a mask condi-
tion, the WRS reduced by 3.3% at SNR10 and 31.9% at SNRO. Simi-
larly, in surgical mask conditions, WRS decreased by 6.1% at SNR10
and 43.7% at SNRO. With a cloth mask, WRS reduced by 7% at SNR10
and 46.3% at SNRO. Finally, with the N95 mask condition, WRS
decreased by 6.6% at SNR10 and 46.7% at SNRO.

4. Discussion

We aimed to evaluate the speech recognition threshold and
word recognition ability in normal-hearing individuals without
masks and with different types of masks recommended during the
COVID-19 pandemic. Results displayed a statistically significant
difference (p < 0.05) between without mask and with various
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Post hoc pairwise comparisons between without mask and among masks for SRT (in dBHL).

Pairs Mean diff.

Stand. Error

95% Confidence Interval

p-value
Lower Bound Upper Bound
Without Mask - Surgical mask 1.80 0.698 0.0049 3.595 0.0118*
Without Mask - Cloth mask 4.40 0.676 2.504 6.095 0.0007***
Without Mask - N95 mask 5.05 0.681 3.254 6.845 0.0007***
Surgical mask - Cloth mask 2.50 0.699 0.704 4.295 0.0006%***
Surgical mask - N95 mask 3.25 0.703 1.454 5.045 0.00071 ***
Cloth mask - N95 mask 0.75 0.682 —1.045 2.545 0.275ns
*Statistically significant (p < 0.05); *** Statistically highly significant (p < 0.001).
100
.90 ]:
ES
£80
2
=70
£60
A
o0
§° P «z
a 40 a g
]
3 30
~
§ 20 =
10
0
SNR15 SNR10O SNRO
m Without mask m Surgical mask Cloth mask m N95 mask
Fig. 3. Measures of WRS (in %) without a mask, with a surgical mask, cloth mask, and N95 masks at SNR15, SNR 10 and SNRO.
Table 3
Comparison of WRS with Surgical mask, Cloth mask, N95 mask, and without mask at different SNRs.
SNR Levels WRS with Different Masks (mean + standard deviation) in %age F-value p-value
Without mask Surgical mask Cloth mask N95 mask
SNR15 99.7 + 1.39 97.9 + 2.86 933 +£4.38 92.8 + 3.96 41.164 0.0000%**
SNR10 96.4 + 3.48 91.8 + 3.61 86.3 + 6.46 86.2 + 3.83 47.129 0.0000%***
SNRO 67.8 + 11.66 54.2 +9.75 47 +9.91 46.1 + 9.41 38477 0.0000%**

**xx Statistically highly significant (p < 0.001).

masks for the SRT, except between the cloth mask and N95 mask
(Table 2). The frequency spectrum or formant area of most speech
sounds used in speech audiometry (Spondee & PB word lists) was
between 1 kHz and 6 kHz (De NS, 1973). Therefore, these differ-
ences in SRT with different masks would be due to several masks'
varied acoustic effects on speech signals. Few recent studies have
reported that the mask has little effect on the speech signal below
1 kHz. However, a modest and strong attenuation effect is seen
between 1 and 4 kHz and above 4 kHz, respectively, with different
masks (Ryan M Corey et al., 2020, Wolfe et al., 2020). The current
study also manifested a maximum difference of 5.05 dBHL for the
SRT between N95 and without a mask. This difference and poor
speech recognition threshold with several masks may be due to
attenuation in the speech spectra signal while wearing a mask. In
the present study, an increase in SRT level was seen in the following
order, i.e.,, without a mask, with surgical, pleated cloth, and N95
masks. Findings also revealed that the mean SRT level was elevated
by 1.8 dB with a surgical mask, 4.4 dB with a cloth mask, and 5.5 dB
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with an N95 mask compared to no mask condition. In concordance,
Corey et al. have also reported that an average of 3.4 dB might
attenuate the speaker's speech signal with the surgical mask, 4.3 dB
with the cotton mask, and 5.7 dB with the N95 mask (Ryan M Corey
etal., 2020). Therefore, results revealed that the individual's speech
recognition thresholds were best without a mask; however, they
were poorer with pleated cloth and N95 masks than surgical masks.

WRS was measured at three varying levels of SNRs (SNR15,
SNR10, and SNRO) for the test situation to identify and demonstrate
the day-to-day communication difficulties faced by normal-hearing
listeners wearing different kinds of face masks. The current study
aimed to compare the effects of different masks on the WRS at
above mentioned SNRs. The presentation of words from each list
was randomized to avoid an order effect. Each type of face mask
and SNR conditions were also changed when the ceiling occurred
(Theunissen M, 2009). Results indicated that the surgical mask does
not significantly deter the speech signal, and the verbal output can
be understood almost like without mask condition at SNR15.
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Table 4
Post hoc pairwise comparisons without a mask and with different masks for WRS (in %) at SNR15, SNR10 and SNRO.
SNR Levels Pairs Mean diff. Stand. Error 95% Confidence Interval p-value
Lower Bound Upper Bound
SNR15 Without Mask - Surgical mask 0.20 0.503 —3.749 0.149 0.691ns
Without Mask - Cloth mask —4.40 0.727 —8.349 —4.450 0.0007***
Without Mask - N95 mask -4.9 0.664 —8.849 —4.950 0.0007 ***
Surgical mask - Cloth mask —4.60 0.827 —6.549 —2.650 0.0007 ***
Surgical mask - N95 mask -5.10 0.772 —7.049 -3.150 0.00071 ***
Cloth mask - N95 mask —0.50 0.934 —2.449 1.449 0.593ns
SNR10 Without Mask - Surgical mask —4.60 0.793 —7.226 -1.975 0.0007 ***
Without Mask - Cloth mask -10.10 1.160 -12.724 —7.475 0.0007 ***
Without Mask - N95 mask —10.20 0.818 -12.824 -7.575 0.00071*%**
Surgical mask - Cloth mask -5.50 1.170 -8.124 —2.875 0.0007 ***
Surgical mask - N95 mask -5.60 0.832 -8.224 -2.975 0.0007 *#**
Cloth mask - N95 mask -0.10 1.187 —2.724 2.524 0.933ns
SNRO Without Mask - Surgical mask —13.60 2.403 —19.537 —7.662 0.0007 ***
Without Mask - Cloth mask —20.80 2420 —26.737 —14.862 0.0007 ***
Without Mask - N95 mask -21.70 2.369 —27.637 —15.762 0.0007 ***
Surgical mask - Cloth mask —7.20 2.198 -13.137 -1.262 0.0016%**
Surgical mask - N95 mask -8.10 2.142 —14.037 —2.162 0.0003***
Cloth mask - N95 mask -0.90 2.161 -6.837 5.037 0.6782ns
ns = not significant (p > 0.05); *** Statistically highly significant (p < 0.001).
Table 5
Post hoc pairwise comparisons between different SNRs for WRS (in %) without a mask and different masks conditions.
Variables Pairs Mean diff. 95% Confidence Interval p-value
Lower Bound Upper Bound
Without Mask SNR15 — SNR10 3.30 —7.223 0.623 0.118ns
SNR10 — SNRO 28.6 24.676 32.523 0.0007 ***
SNR15 — SNRO 319 27.976 35.823 0.0007
Surgical mask SNR15 — SNR10 6.10 2.646 9.553 0.0007 ***
SNR10 — SNRO 37.6 34.146 41.053 0.0007 ***
SNR15 — SNRO 43.7 40.246 47.153 0.0007
Cloth mask SNR15 — SNR10 7.0 2.961 11.038 0.0007 ***
SNR10 — SNRO 393 35.261 43.338 0.0007 ***
SNR15 — SNRO 46.3 42.241 50.338 0.00071***
N95 mask SNR15 — SNR10 6.6 3.106 10.093 0.0007
SNR10 — SNRO 40.1 36.606 43.593 0.0007 ***
SNR15 — SNRO 46.7 43.206 50.193 0.00071***

ns = not significant (p > 0.05); *** Statistically highly significant (p < 0.001).

However, the other masks markedly impacted the discrimination
abilities even at SNR15. It indicates that at higher SNR, the surgical
mask does not hamper the word recognition ability in normal-
hearing individuals. Mendel et al. also found no significant differ-
ence in recognizing words with the surgical mask in quiet condi-
tions (Mendel et al., 2008). The attenuation effect (ranging from 3
to 12 dB) of medical and N95 masks on the speech signal in the
high-frequency region (above 1 kHz) may be the contributing factor
to decreased word recognition ability (Ryan M Corey et al., 2020,
Wolfe et al., 2020; Balamurali BT et al., 2021).

Under the second condition (i.e., at SNR 10), where the noise
levels were slightly higher than the first, there was a significant
reduction in WRS even with surgical masks. Furthermore, all three
masked conditions showed a remarkable decrease in the WRS
compared to the without mask condition. Lastly, when the speech
and noise levels were equal, i.e., SNRO, all three mask conditions
showed a distinguishable reduction in WRS than without mask
conditions. Moreover, no difference was observed in WRS between
mask-2 and mask-3 at all three SNRs, which means both affected
the word recognition ability by the same amount (as shown in
Table 4). Furthermore, results depicted that the WRS deteriorated
with the decrease in signal-to-noise ratio and was worst at SNRO.
The discrimination ability decreased by 31.9% when SNR was
changed from 15 to O even in without mask conditions, and it

further decreased by 43.7%, 46.3%, and 46.7% in a surgical mask,
cloth mask, and N95 mask conditions, respectively (as shown in
Table 5). Despite randomization of PB words, face mask, and SNR
conditions, the WRS approached the ceiling with different face
mask conditions at three tested SNR levels. The ceiling of the WRS
can be attributed to the WRS done at the suprathreshold level and
the participants perform well but when the speaker wears these
masks, the effect of noise on the speech signal has a greater influ-
ence, as seen in a fall in WRS, especially at SNRO. Researchers have
proposed that this remarkable deterioration in WRS between
SNR15 and SNRO among different mask conditions may attribute to
various factors such as the upward spread of masking, differences
in competing messages, and test stimuli during the psychophysical
procedure (Beattie, 1989, 1997; Wilson, 2010; Smith, 2012).

The current study is a novel study indicating the enormous
impact of various masks in day-to-day listening situations on the
speech understanding of normal-hearing individuals. We must also
ponder that the attenuation effect of face masks at lower SNR might
further hamper the speech understanding in persons with
compromised hearing abilities and substantially deteriorate their
quality of life.

There are a few limitations in the current study. First, the stimuli
were presented using live voice instead of recorded which can
cause a lack of consistency in the presentation of the stimulus.

144



R. Kumar, S.K. Munjal, A. Sharma et al.

Further, no acoustic measurements of the masks used in this study
were performed so specific conclusions regarding the acoustic ef-
fects of these masks cannot be determined. Also, ears were tested
separately at a given time; however, binaural hearing can elicit
better results and provide a more precise effect of the face masks in
noisy situations. Therefore, future research must be carried out in
free field conditions to imitate better and document the impact of
face masks in real-life situations. In addition, it would be inter-
esting to include a study group of hearing-impaired populations
along with normal hearing. It would render a better and more
precise understanding of the effect of face masks on speech un-
derstanding in both populations.

5. Conclusion

The conclusion drawn from the present study is that the speech
recognition threshold was negatively affected with cloth and N95
masks even in normal-hearing participants. Surgical masks do not
affect the word recognition scores (WRS) at lower background
noise levels. However, as the background noise levels increase, even
the surgical masks, cloth masks, and N95 masks significantly
impact speech discrimination even in normal-hearing individuals.
Hence, this potential concern can be used to compensate during
audiology programs or practice.
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