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ABSTRACT

Purpose: Although a well-established aspect of healthcare practice, the impact of facemasks on verbal

communication is surprisingly ambiguous.
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Materials and Methods: A systematic search was conducted in APA PSYCHinfo, CINAHL, NHS Knowledge
Network, Medline and SPORTDiscus databases from inception to November 2022 according to the
PRISMA guidelines. Studies reporting an objective measure of speech understanding in adults, where
information was transmitted or received whilst wearing a facemask were included. Risk of bias of included
studies was assessed with the Newcastle-Ottawa score.

Results: Four hundred and thirty-three studies were identified, of which fifteen were suitable for inclu-
sion, incorporating 350 participants with a median age of 49 (range 19 to 74) years. Wide heterogeneity
of test parameters and outcome measurement prohibited pooling of data. 93% (14 of 15) studies
reported a deleterious effect of facemasks on speech understanding, and 100% (5 of 5) of the included
studies reported attenuation of sound with facemask usage. Background noise added further deleterious
effects on speech understanding which was particularly problematic within hearing-impaired populations.
Risk of bias in included studies varied but overall was modest.

Conclusions: Despite considerable complexity and heterogeneity in outcome measure, 93% (14 of 15)
articles suggest respiratory protective equipment negatively affects speech understanding in normal hear-
ing and hearing-impaired adults.
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> IMPLICATIONS FOR REHABILITATION

e As a result of the covid-19 pandemic, facemask use is now commonplace across all healthcare and
rehabilitation settings and has material implications for interpersonal communication.

e This systematic review of human communicative studies highlights that the use of facemasks does
indeed inhibit communication through effects on speech intelligibility and through sound
attenuation.

e These effects are evident in both normal hearing and hearing-impaired adults due to the visual cues
required with lipreading and facial expressions during communication.

e The presence of background noise also produces deleterious effects on speech understanding and is
more problematic for hearing-impaired populations.

e Simple recommendations to reduce background noise (where possible), to step closer (where social-
distancing rules permit), to speak louder or to use speech to text applications (if practical) could all
mitigate these communicative barriers. Further an awareness of persons with hearing impairments,
the function (or otherwise) of hearing aids in those patients that require these, and an ability to use
transparent facemasks can be specifically helpful.

Introduction

The use of facemasks in healthcare settings was substantially
expanded in response to the severe acute respiratory syndrome
coronavirus 2, generally referred to as COVID-19. Throughout the
pandemic, non-pharmaceutical interventions were the predomin-
ant method adopted by governments in attempts to mitigate the
spread and morbidity of the virus [1,2] whilst an effective vaccin-
ation campaign was developed[3]. Non-pharmaceutical interven-
tions are essentially behavioural adaptations including, local

lockdowns, travel bans, social distancing and the wearing of per-
sonal protective equipment (PPE)[4]. In the UK, the wearing of a
face covering was built into legislation in 2020[5] and remains a
requirement in healthcare settings. Various designs of face cover-
ings with differing material properties were employed to cover
the mask and nose, from medical grade equipment to designer
fashion, and from fully concealing face coverings to transparent
materials. Patients and the public often wore a 2-layer cloth mask
as recommended by the UK Government (2021), to overcome the
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initial global shortage of medical-grade surgical masks[6], whilst
healthcare professionals commonly wore a loose-fitting fluid-
resistant surgical mask (FRSM) or a close-fitting disposable filtering
facepiece (N95)[7]. The surgical masks remain commonplace in
healthcare settings.

Communication is a central tenet of delivering healthcare[8].
Miscommunications can result in compromised patient care,
misdiagnoses and medication errors, resulting in decreased
patient outcomes and unnecessary legal charges[9,10]. In con-
trast, increased communication between healthcare professio-
nals and patients develops trust, leading to improved patient
outcomes, understanding and adherence to interven-
tions[11,12]. Interpersonal communication describes the inter-
action between individuals through oral or physical interactions
(including gestures). Protective masks covering the mouth and
the nose can muffle sound, making it more challenging to
understand speech, and obscure facial expressions in the mouth
and cheeks. Facemasks can challenge communication, especially
for deaf or hearing-impaired individuals as non-verbal commu-
nication such as facial expressions can be misinterpreted and
the critical skill of lip-reading inhibited[13-15]. The effect of
respiratory protective equipment (RPE) and facemasks on com-
munication is not a new topic and has been highlighted in rela-
tion to previous disease outbreaks [16]. There is a general
acceptance that facemasks ‘must’ inhibit communication but
surprising ambiguity as to the actual effects of this in the
healthcare setting.

RPE may impact speech understanding through a physical
sound attenuation effect and additionally by influencing speech
intelligibility and interpretation. Sound attenuation describes the
loss of intensity and perceptibility by a listener, and this may be
more profound when using RPE [17]. Speech intelligibility
describes how clearly a person speaks so that what they are say-
ing is comprehensible to the listener. When speech intelligibility
is reduced, the listener may become frustrated and/or lose inter-
est, which may have a negative impact on interactions with
healthcare practitioners [18]. Speech perception is a multilevel
procedure through which biomechanical, neural, computational,
and cognitive processes use auditory signals to give meaning and
understanding to a person’s speech [19]. Hearing impaired service
users have particular challenges compared to non-hearing-
impaired individuals when RPE is used. The World Health
Organisation estimate that, worldwide, 466 million people live
with disabling hearing loss and that this number is likely to rise
with an aging global population [20]. In the UK, the prevalence of
profound hearing loss has been estimated at 6.7% in those
accessing healthcare compared to a background prevalence of
<1% in the general population [21]. As such, the purpose of this
project was to review the literature as to the effects of respiratory
protective equipment on speech understanding in healthcare
settings.

Methods

A systematic literature review was undertaken in accordance with
the Cochrane guidance [22] and the search protocol reported
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [23].

Information sources and search strategy

We applied the PEO criteria to inform our search strategy, which
aimed to find articles that evaluated an outcome of speech

understanding in direct person-person communication with the
use of facemasks. Five databases; APA PSYCHinfo, CINAHL, NHS
Knowledge Network, Medline and SPORTDiscus were searched
from inception to 15 November 2022. The search terms included
“face mask OR surgical mask OR mask” AND “communication bar-
rier OR communicat® AND “hearing.” MESH terms and Boolean
operators were employed in each search. We applied an English
language restriction but no other filters to the search. The elec-
tronic database search was supplemented by searching Google
Scholar and screening the references of included publications.

Study selection and eligibility criteria

Due to the breadth and somewhat exploratory nature of the
research question, all study types were considered for inclusion
provided they were published as peer-reviewed primary research
articles and contained relevant data. We sought quantitative out-
come-based studies to determine the effect of a mask on commu-
nication. Studies were included if they reported a measure of
speech understanding as a primary outcome variable in an in-per-
son communication setting where information was transmitted or
received whilst wearing a facemask. Any cohort of adults (over
the age of 18 years) was eligible, including groups with hearing
impairments, participating within a healthcare or simulated
healthcare setting. Exclusion criteria comprised study reports that
were not peer-reviewed, conference abstracts and editorial or
commentary articles. Experimental investigations without human
participation were excluded. Qualitative information as to speech
interpretation was not considered for this review.

The searches and initial screening by title were performed by
one investigator (RF). Abstracts were reviewed independently by
two investigators (RF and DFH). In cases of doubt, articles were
included for full-text review. The same two investigators inde-
pendently assessed the appropriateness of the selected full-text
articles against the selection criteria and consensus was reached
for inclusion with additional review by a third individual (CM)
where required.

Data extraction and synthesis

The following characteristics of each study were extracted to a
bespoke Excel database: author, year of publication, geographical
location of study, type of study, study population and setting,
numbers of participants, participant demographics, outcome
measures, and study results. Data extraction forms were created
and 2 researchers (RF and DFH) independently extracted the data
from included articles. The 2 researchers cross-checked each-other
extracted data to ensure consistency. There was no dispute in the
extracted parameters and a consensus was reached.

As there was substantial heterogeneity in the parameters
related to speech understanding that were assessed across the
included studies and the specific data collected by the individual
researchers varied substantially, pooling of outcome data across
the included studies was not feasible. Results are therefore pre-
sented descriptively.

Methodological quality Assessment

The methodological quality of included studies was assessed
using the modified Newcastle-Ottawa scale (NOS) [24], risk of bias
assessment tool appraising studies based on dimensions of selec-
tion, comparability and outcome. Eight items may be awarded a
maximum of one star for selection and outcome and two for



comparability. As has been proposed [25], we accepted a total
score of >7 stars to reflect high-quality studies with a low risk of
bias, 4-6 stars as moderate quality studies and <4 stars to be
low-quality with an increased risk of bias. Two researchers (RF and
DFH) independently evaluated the included papers against these
criteria and a third researcher (CM) resolved controversial assess-
ments by independently looking at the included study.

Results

The literature search generated 487 potential articles with four
additional studies found via the Google Scholar search engine.

Records identified through database
search: (n=487)
APA Psychinfo: (n=62)
CINAHL: (n=60)
NHS Knowledge Network: (n=272)
Medline: (n=92)
SportDiscus: (n=1)

Identification
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After the removal of duplicates, 433 papers were evaluated
against the eligibility criteria. After screening, 64 articles were
available for full-text review, of which fifteen met the inclusion cri-
teria. Full details are displayed in the PRISMA flowchart (Figure 1).

Study characteristics

The included studies constituted eight cross-sectional and seven
quasi-experimental designs, the data and characteristics of which
are summarised in Table 1. A combined total of 350 participants
were included with individual study sample sizes ranging from
n=>5 to n=42. The median age of participants was 49 (range 19

Additional resources identified
through other sources: (n=4)

Google Scholar: (n=4)

[ Records remaining after 58 duplicates removed (n=433)

—

Records excluded in title screen: (n=270)

o Full text not available in English: (n=1)
o  Animal studies: (n=15)
o Not focusing on masks or PPE: (n=226)
v o Book chapter or review article: (n=20)
Records remaining after title screened ©  Qualitative paper: (n=8)
(n=163)
2
; 4
g Records excluded in abstract screen (n=99)
2 o  Abstract only: (n=3)
o Not focused on masks and communication: (n=54)
b 4 o Qualitative paper: (n=29)
Records remaining after abstracts K © Published article type: (n=13)
screened (n=64)
Records excluded in full text screen (n=53) \
o Not focused on masks and communication: (n=4)
> o Not involving person to person communication (n=9)
v o No measure of speech understanding (n=2)
= o Qualitative paper: (n=16)
5 Records remaining after full text \ o Published article tvoe (n=22) )
%D assessed for eligibility
(n=11)
N
<t Additional records included after reference screening (n=4)
J
v
3z Studies included in quantitative
=) synthesis
e (n=15)

Figure 1. PRISMA flow diagram of study selection process.



4 R. FRANCIS ET AL.

Table 1. Included study, demographics and outcomes.

Reference

Participants [setting]

Hearing levels of
participants

Mask types

Study Design

Outcome Measures

Key findings

Atcherson et al.
(2017).

Bandaru et al.
(2020).

Bottalico, et al.
(2020).

Gutz et al. (2022).

n=31 (1 speaker

and 30 listeners).
Sex not reported,
aged 19-74 years.
[Simulated
healthcare
setting].

n=20. 10 male, 10

females aged 20-
60 years.
[Healthcare
setting].

n=40. 8 male, 32

female. Age not
reported.
[Classroom
setting].

n=19. 5 male, 14

female, age 26.7

n=10 with normal

hearing, n=10
with moderate
hearing loss,
n=10 with
severe-profound
hearing loss.

Normal hearing and

speech.

Normal hearing and

speech.

Normal hearing and

speech.

Fluid resistant

surgical mask,
transparent mask

N95 and face shield

Fabric, surgical

and N95.

KN95 mask

Quasi-experimental,

cross-sectional

Prospective
observational
cohort

Prospective
observational
cohort

Quasi-experimental

cross-sectional

Connected Speech

Test from audio-
visual recording
with simulated
background noise
produced via the
Bamford-Kowal-
Bench-Speech-in-
Noise Test (4-
talker babble).

Speech audiometry

(speech reception
threshold and
speech
discrimination
score
measurement)

Consonant-nucleus-

consonant (CNC)
word test. Played
using a head and
torso simulator
with mouth
simulator (HATS).
Visual analogue
scale (VAS) 0-100
to determine the
listening effort
(LE) of the
participants.

Sentence

Intelligibility Test

Normal hearing

participants
scored 99.2% in
all masks and
conditions, those
with moderate
hearing loss
81.8%, and those
with severe-
profound 37.8%.
The severe-
profound group
performed better
when visual cues
were present. No
difference seen
between those
with moderate
hearing loss and
normal hearing
when visual cues
were present.

Significant increase

in the speech
reception
threshold (mean
of 12.4dB) with
the N95 and face
shield. The speech
discrimination
score showed a
worsening of 7%
when wearing
PPE compared to
when not
wearing PPE.

Significant effect on

speech
intelligibility (SI)
wearing a fabric,
surgical or N95
mask when
compared to
unmasked
conditions

(p < 0.001).
Significant
differences in SI
between fabric
and surgical and
fabric and N95
masks (p < 0.001)
but not between
surgical and N95
masks (p=0.918).
LE significantly
increased with in
masked conditions
(p <0.001)
however no
differences
between mask
types: fabric
compared to
surgical p=0.748,
fabric compared
to N95 p =0.824
and surgical
compared to N95
p=0242.

No significant

difference

(continued)
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Reference

Participants [setting]

Hearing levels of

participants Mask types Study Design

Outcome Measures

Key findings

Hampton, et al.
(2020).

Homans & Vroegop
(2022).

Kumar et al. (2022).

(SD 4.3).
[Non-healthcare
setting].

n=>5.3 male, 2
females aged 29-
49 years.
[Simulated
healthcare
settings].

n=42. 22 male, 20
females aged 31-
85 years.
[Healthcare
setting]

N =20, sex not
reported. Age
range 18-23 years.
[Non-healthcare
setting]

Normal hearing and
speech.

Fit tested filtering
face piece code 3
mask and head
visor

Prospective
observational
cohort

n=42 adults with
moderate to
severe hearing
loss.

Surgical IIR mask
and face shield

Quasi-experimental
cross-sectional

Normal hearing and
speech.

Surgical mask, cloth
mask, N95 mask.

Prospective
observational
cross-sectional

in mask/non-mask
scenario.
Additional speaker
effort to speak
loud/clear/slow
test conditions.
Speaker effort
scored 0-100 VAS

Differences in
Bamford-Kowal-
Bench sentence
test (BKBST) in
simulated
environments and
differences in
BKBST in various
PPE equipment
scenarios (no PPE,
PPE and PPE
whilst raising
voice volume).

Consonant-Vowel-

Consonant (CV()
test, in best aided
condition (sound
attenuated booth)
and Speech
Tracking Test
(healthcare
setting) no mask,
IIR mask and face
shield.

Speech Recognition

Threshold (SRT)
and Word
Recognition Score
(WRS) at different
signal to noise
ratios.

mask/no mask in
SIT (p=0.09).
Masked but
speaking loudly
enhanced SIT
(p=0.01), with
non-significant
differences
speaking clear
(p=0.07) or slow
(p=0.24). Speaker
effort significantly
increased in mask
Vs no-mask

(p < 0.001),
further significant
increased speaker
effort under
loud/clear/slow
test conditions

(p < 0.001).

Different PPE

scenarios did not
significantly affect
sentence test
results in office

(p=0.26),
emergency dept.
(p=0.58),

operating theatre
(p=0.21) or ICU
(p=0.06) settings.
The different PPE
equipment
scenarios all
demonstrated
differences

(p =0.001).
Increasing speech
volume when
wearing PPE
resulted in a
significant
increase (p =0.04)
in BKBST scores.

Significant reduction

in STT with mask
(p <0.001). No
difference with
face shield
(p=0.07). In
those with poor
performance on
CVC test, also a
significant
difference
between no mask
and face shield
(p=0.03).

SRT scores worse

with masks than
no mask. ANOVA,
p < 0.001). Post
hoc, significant
differences
between all mask
conditions. WRS
scores worse with
masks vs no
mask, ANOVA,

p <0.001) at all
signal to noise
ratios assessed.

(continued)
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Table 1. Continued.

Hearing levels of

Reference Participants [setting] participants Mask types Study Design Outcome Measures Key findings
Post hoc,
significant
differences
between all mask
conditions.

Llamas, n=15 (2 speakers Normal hearing Speech intelligibility: ~ Prospective Speech intelligibility: ~ Speech intelligibility:

et al. (2008). and 13 listeners). levels. Surgical, observational Bimodal (video The number of
4 male, 11 female, balaclava, full-face cohort and audio) and misconceptions
aged 18-37. veil (nigab). unimodal (audio was under 2%
[Non-healthcare Speech acoustics: only) recorded (165 out of 8320).
setting]. Surgical, speech stimuli 70% of these

Magee, et al. (2020).

Mendel, et al. (2008).

n=7.4 males, 3
females, aged 21-
39.

[Simulated
setting].

n=31 (1 speaker, 30
listeners). Sex and
age not reported.
[Simulated
healthcare
setting].

Normal hearing
levels.

n=15 with normal
hearing, n=15
with hearing
impairment of

more than 25dB.

balaclava, full-face
veil (nigab), scarf,
handkerchief,
fleece, nylon
stocking,
loudspeaker cover
fabric

Fabric, surgical
and N95.

Surgical masks.

Prospective
observational
cohort

Quasi-experimental,
cross-sectional

wearing facial
guises, were
presented to the
participants who
attempted to
identify the words
used.

Speech acoustics:
transmission loss
(TL) characteristics
of each facemask
assessed. Carried
out by placing the
fabric type
between a
loudspeaker and
microphone to
measure the
frequency
response.

Speech intelligibility

of single words
and sentences
evaluated using
Assessment of
intelligibility of
dysarthria speech
(ASSIDS).
Acoustic
parameters of
timing, frequency,
power spectral
density (PSD) and
perturbation
measured to
determine the
overall loss of
speech-sound
intensity or
attenuation effect,
intensity loss at
different
frequencies or
filtering effect of
mask types.

Connected Speech

Test from audio
recording with
simulated
background noise

identified from
the female
speaker and 30%
from the male.
The balaclava
exhibited the
most
misperceptions in
both speakers.
The surgical mask
was determined
to be the easiest
to understand the
speech. The
audio-only
conditions
resulted in
reduced speech
perception in
comparison to the
audio-visual
conditions.
Speech acoustics:
transmission loss
was negligible. Of
9 fabrics, only the
surgical mask
showed
considerable TL
compared to
control conditions.
No significant effects
of masks on
intelligibility for
ASSIDS words
(p=0.6) or
sentences
(p=0.54).
No significant
differences
between mask
conditions on
recordings made
using a tabletop
microphone
(p=0.08).
Significant effect
of masks for
mean pause
length (p=0.05),
percentage of
pauses (p=10.01),
and spectral tilt
(p=0.001).

No significant
difference in
speech
understanding
between wearing
/ not wearing a

(continued)
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Reference

Participants [setting]

Hearing levels of
participants

Mask types Study Design

Outcome Measures

Key findings

Moon et al. (2022).

Radonovich, et al.
(2010).

Ritter et al. (2021).

n =25, sex not
reported. Aged
19-69 years.
[Non-healthcare
setting]

n=16. 11 male, 5
female, aged 25-
66 years.
[healthcare and
ICU setting]

n=45, 21 male, 24
female aged 18-
93 years.
[Healthcare
setting]

n=14 with normal
hearing, n-11

bilateral moderate

hearing loss

Normal hearing and
speech.

n=22 normal
hearing, n=18
bilateral hearing
loss, n=5

unilateral hearing
loss.

Surgical and N95 Prospective
observational

cross-sectional

Fluid resistant Prospective
surgical mask, observational
N95 half-face cohort

filtering mask,
P100 half-face
elastomeric, P100
powered air-

purifying.

Surgical mask and
N95 mask

Quasi-experimental
cross-sectional

Speakers recorded

the Korean
Standard
Sentences Lists for
adults. The
number of
accurately
repeated
sentences was
calculated to
determine
percent-correct
scores

Face to face

modified rhyme
test (MRT)

Word recognition

score

surgical mask (in
both normal
hearing- and
hearing-impaired
groups).
Significant
difference seen in
regards to
deleterious effects
of background
noise on speech
understanding in
both groups.

Significant

differences
observed between
unmasked and
mask conditions
(p = 0.006 for
normal hearing
and p =0.004 for
hearing-impaired).
Face masks did
not have any
impact on speech
understanding
when visual cues
were unavailable
(p=10.81 for
normal hearing
and p=0.63 for
hearing-impaired).

Varying differences

in speech
intelligibility
between RPE
types and
controls.
Significant
decreases seen for
half-mask
respirators. ICU
environment
produced 89%
response whereas
simulated
produced 99%
word clarity.
Negative effects
associated with
the noise
produced via
wearing the
powered air-
purifying mask

Significantly lower

word recognition
score with N95
masks compared
to no masks

(p <0.001) or
surgical masks
(p = 0.009).
Nonsignificant
decrease in word
recognition in
surgical mask
compared to no
mask (p=0.09).
Participants with
self-reported
hearing loss had
significantly

(continued)
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Table 1. Continued.

Hearing levels of

Reference Participants [setting] participants

Mask types

Study Design Outcome Measures Key findings

Weiss et al. (2021). n=10, 5 male, 5 Normal hearing and

Powered air-

reduced word
recognition scores
with both surgical
and N95 masks
compared to
normal-hearing
participants
(p <0.002)
Average number

Quasi-experimental Speech perception

female, aged 28
(SD 4.3) years.

speech.

purifying
respirators (PAPR)

cross-sectional

[Non-healthcare
setting]

Zhou et al. (2022). n=24, 0 male, 24
females aged 21-

23 years.

Normal hearing and
speech.

Surgical masks, N95
masks with face
shield and

cross-sectional

transparent masks

Quasi-experimental

scores in

quiet was
measured using
the Freiburg
number and
monosyllable
tests. Speech
reception
thresholds
assessed with the
Oldenberg
sentence test
(OLSA)

Bamford—Kowal-
Bench (BKB)-like
Mandarin speech
stimuli recorded
under four
conditions, and
played (video)
with or without
visual cues. The
signal-to-noise
ratio for 50%
correct scores
(SNR50)
thresholds was
measured.

recognition score
was 100 £ 0.0%
(median: 100.0%)
without PAPR and
significantly
decreased to
45.0+15.8%
(median: 40.0%)
with the PAPR
(p < 0.001).
Average
monosyllabic
word recognition
score without the
PAPR was

100.0 £ 0.0%
(median: 100.0%)
and significantly
reduced with the
PAPR (2.5+4.2%,
median: 0.0%,

p <0.001). Mean
SRTs significantly
increased
(deteriorated)
with PAPR use
(p < 0.001).

Significant difference

seen in SNR50
thresholds
between the two
auditory-only
conditions (N95
with face shield
vs surgical mask,
p <0.001), No
significant
difference
observed between
the two audio-
visual conditions
(no mask vs
transparent mask,
p=0617).

to 74) years. The participants’ sex was reported within 73%
(11/15) of the studies; in these studies, there were 150 female par-
ticipants (65%) and 83 male participants (35%). Six studies were
conducted in the USA, two in the UK, and in India, and one in
each of Germany, Holland, China, Korea and Australia.

Speech understanding outcomes

Three broad categories of sound attenuation, speech intelligibility
and speech perception were examined across the fifteen studies
with a variety of outcome measures employed to quantify these
(Table 1).

Sound attenuation

100% of studies (5 of 5) reported reduced sound attenuation with
facemask use, however, variation was evident with different types
of face covering. Llamas et al.[26] report almost no differences in
sound attenuation between control conditions and the fabric
nigab, balaclava, handkerchief, scarf, fleece and nylon cover, how-
ever, a significant difference was found for the surgical facemask.
The regions in which marked decreases in the acoustic signal
were seen are between 2.5 kHz and 12.5 kHz and a high-frequency
cut-off 24kHz. Bottalico et al. [27] following a similar method-
ology reported attenuation in all masks with the fabric mask
being the most attenuating (4.2dB) compared with N95 and
FRSM: 2.9dB and 2.3 dB respectively. The threshold of perceptibil-
ity of difference in sound detectable by the human ear is 2db [28]



thus this mask difference may not be observable. Kumar et al.
[29] however reported that speech recognition thresholds
increased by 1.8dB, 4.4dB, and 5.05dB, when wearing surgical,
cloth, and N95 masks respectively, which may be detectable dif-
ferences. Zhou et al. [30], reported more stark differences with
RPE use at high frequencies. Surgical masks attenuated high fre-
quencies by about 4dB, transparent masks blocked about 8dB
and N95 masks with face shields caused the most-severe attenu-
ation of around 10dB. Significantly increased sound attenuation
was also noted by Moon et al. [31] comparing no mask and a sur-
gical mask (p <0.001) and no mask and an N95 mask (p< .001).
When the speakers were wearing the surgical and N95 mask,
sound pressure levels were significantly reduced.

Measured speech intelligibility

83% of studies (5 of 6) suggested reduced speech intelligibility
with facemask use. Bandaru et al. [32] reported a significant differ-
ence in speech reception threshold and speech discrimination
score whilst wearing RPE. However, Magee et al. [33] describe no
significant difference in intelligibility using the Assessment of
Intelligibility of Dysarthric Speech (ASSIDS) tool for single words
or sentences when wearing a facemask. The identification accur-
acy of single words and sentences showed variance between
phrase types and mask conditions but not to a significant level.
Similarly, the type of facemask (cloth, surgical and N95) intro-
duced variation and generally reduced accuracy, but not to a sig-
nificant level. Radonovich et al.[34] presented data that was
measured within a simulated, and actual, intensive care unit (ICU).
They reported an overall significant difference between intelligibil-
ity applying various facemask conditions at a distance of 7 ft com-
pared with 3ft (p <0.0001). Word accuracy identification reduced
between 1-17% across facemask designs compared to control
conditions however, statistical differences in speech intelligibility
score were seen only in full respirator masks. Bottalico et al. [27]
report reduced speech intelligibility of 12%, 13% and 16% when
wearing the surgical, N95 and fabric facemasks respectively, in
comparison to an unmasked control. A further comparison
between the mask types demonstrated statistically significant dif-
ferences in speech intelligibility between the fabric and FRSM
(p <0.001). This study also examined listening effort and found
there was a greater difference when wearing a fabric, N95 or
FRSM (p < 0.001) compared to the control. Ritter et al.[35] demon-
strated a significant decrease in the word recognition score when
using an N95 mask compared to no mask. Thirty-six words were
selected from a standardized audiological list (Central Institute for
the Deaf Auditory List W-1) to determine the speech recognition
score, which was calculated by determining the percentage of
correctly repeated words. Words were presented to participants in
a closed clinical room at a distance of 6 feet at a normal speech
intensity level to replicate the classic healthcare outpatient situ-
ation. Participants with self-reported hearing loss performed
worse across all mask conditions compared to participants with
normal hearing. Gutz et al. [36], suggested that speakers adapt
their articulatory patterns when wearing a mask. These adapta-
tions appear to overcome losses in both intensity and intelligibil-
ity caused by the mask. Increased intelligibility in Speech
Intelligibility Test scores was observed when the speaker was
instructed to speak loudly (p=0.01), with non-significant differen-
ces apparent when instructed to speak clearly (p =0.07) or slowly
(p=0.24).
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Speech perception

100% (9 of 9) studies suggested a reduction in speech perception
with facemask use, though again there was large heterogeneity in
setting and assessment measures. Atcherson et al. [37] and
Mendel et al. [10] report significant differences in the spectral
analyses of recorded speech stimuli with and without a facemask;
p < 0.0001 and p =0.038 respectively. Mendel et al. [10] reported
no significant differences when conditions or different facemasks
were compared, however Atcherson et al. [37] found that when
unmasked, auditory conditions scored significantly higher
(p<0.05) than when using surgical facemasks, or transparent
facemasks, or transparent facemasks with additional audio-visual
cues. Moon et al. [31] asked participants to complete a listen-and-
repeat task while watching video recordings. The availability of
visual cues was beneficial for speech understanding, with signifi-
cant improvements in speech perception seen when listeners
were able to see the speaker without the mask. However, when
the speakers were wearing a mask, no differences were observed
between no visual cues and visual cues conditions. Similarly, Zhou
et al. [30] recruited young ward nurses and had them listen to
the simulated speech (attenuated by several types of PPE) and
simultaneously watch the speaker’s videos with or without visual
cues. They reported that wearing either a surgical mask or an N95
mask with a face shield decreased the performance of speech per-
ception relative to wearing no mask. Notably, speech perception
with the transparent mask was comparable to the unmasked con-
dition. Kumar et al. [29] reported that 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, com-
paring high to low levels of signal-to-noise ratios (background
noise). Surgical masks did not affect the word recognition scores
at lower background noise levels, however, as the signal-to-noise
ratio decreased, the surgical, cloth, and N95 masks significantly
impacted the word recognition score. Hampton et al. [38] consid-
ered the effects of RPE on speech perception within different
noise level simulated environments using the Bamford-Kowal-
Bench sentence test. The wearing of RPE significantly affected
speech perception within the hospital ICU (p=0.02) and operat-
ing theatre (p=0.001) but not within the office or emergency
department settings; p=0.26 and p =0.58 respectively. A masked
condition significantly altered sentence test results (p=0.001)
over an unmasked condition overall and was particularly problem-
atic within an operating theatre (p = 0.04). During this experiment,
participants were also asked to raise their voices when wearing a
facemask and this exhibited a significant effect (p=0.04). In an
un-masked condition, raising voice volume had no significant
effects (p=0.50). Llamas et al. [26] reported a 2% decrease in
speech perception overall for all three face coverings: balaclava,
nigab and FRSM. No statistical analysis or p-value was reported,
however, the FRSM was ranked as ‘easiest to understand’. This
study also reports a higher number of misperceptions under
audio-only communication conditions in comparison with audio-
visual communication conditions, suggesting an effect of visual
cues in speech perception. Weiss et al. [39] looked at the most
extreme PPE situation evaluating speech perception when wear-
ing a powered air-purifying respirator (PAPR), the type of equip-
ment used by surgeons in high-risk aerosol producing procedures.
A small cohort of naive (but trained) equipment users reported
average number recognition score and an average monosyllabic
word recognition score significantly decreased with the PAPR
(p <0.001). Correspondingly mean speech recognition thresholds
significantly increased (deteriorated) when using the PAPR system
(p < 0.001).
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Mendel et al. [10] additionally identified differences in speech
perception between normal-hearing and hearing-impaired groups
(p < 0.007), with background noise (p=0.004) and whilst wearing
a facemask (p= <0.000). Surprisingly, and presenting data to odds
with wider literature, for normal-hearing persons, wearing a face-
mask caused a significant increase in speech perception scores
(p < 0.007), however, the environmental noise produced a signifi-
cantly decreased effect (p < 0.05). These authors reported similarly
surprising data for hearing-impaired persons who also showed a
significant increase in speech perception scores when the speaker
wore a facemask (p < 0.007) but a greater significant decrease in
speech perception scores in the noisy environment (p <0.01).
Atcherson et al. [37] found similar results in terms of overall sig-
nificant deleterious effects for impaired hearing status (p < 0.001),
type of mask used (p <0.001) and when combining hearing level
and mask type (p < 0.001). Those individuals with severe-profound
hearing loss performed significantly worse than those with normal
hearing or moderate hearing loss (p < 0.001). No differences were
identified between participants with normal hearing and with
moderate hearing loss within unmasked audio transmission condi-
tions, unmasked audio-visual transmission and transparent mask
audio-visual transmission conditions. Those with moderate hear-
ing loss did however show a significant increase in speech per-
ception scores under unmasked audio-visual communications
conditions when compared to surgical and transparent facemask
audio-only conditions (p < 0.001). In a study of people with mod-
erate to severe hearing impairments, Homans and Vroegop [40]
report significant reductions in Speech Tracking Test (STT) wear-
ing a surgical facemask (p <0.001). The test was conducted at a
1.5m distance simulating typical covid-19 distancing conditions.
In those with the worst hearing impairment a face shield also
caused significantly reduced STT scores compared to no mask
conditions (p =0.03).

Risk of bias assessment of included studies

The methodological quality of the included studies was mixed,
though generally reasonable, with 27% (4/15) of studies scoring
>7 stars (high quality), 53% (8/15) of studies scoring five or six
stars (moderate quality) and only 20% (3/12) studies <4 stars
(poor quality) (Table 2). 100% (15/15) of studies met the criteria
for outcome assessment and 93% (14/15) included appropriate
statistical analysis. Some 80% (12/15) of studies met the criteria
for sample representation. Only 13% (2/15) of the studies however
considered appropriate test sample sizes, this being the most
poorly reported measure. 100% of the studies recorded zero drop-
outs and all participant results were included.

Discussion

During the COVID-19 pandemic, the use of facemasks in health-
care settings has become widespread and routine across all set-
tings beyond the controlled environments in which mask usage
would have previously been expected. As such, the influence of
mask use on interpersonal communication is important to con-
sider. This systematic review of human studies found clear overall
results in reduced levels of speech understanding through
increased sound attenuation by the mask and also via reduced
speech intelligibility and perception, of the speaker and listener
respectively, with facemask usage.

The diverse clinical/environmental settings, study designs and
outcome assessments of the papers included in our review inhib-
ited formal pooling of the findings. Notably, the outcome

measures used by the included studies to assess aspects of
speech interpretation varied substantially. The modified rhyme
test (MRT) and speech recognition threshold (SRT) based tests are
widely used to provide a measure of speech intelligibility through
single-word identification. However, single-word testing shows
limited reliability and lacks validity in real-world situations with
continuous speech [38]. As such, Nilsson et al. [41] suggest sen-
tence SRTs may offer higher statistical reliability. The Assessment
of Intelligibility of Dysarthric Speech (ASSIDS), Consonant-Nucleus-
Consonant (CNC), Connected Speech Test (CST) and Bamford-
Kowal-Bench Speech-in-Noise (BKB-SIN) test used within Magee
et al. [33], Bottalico et al. [27], Mendel et al. [10], and Hampton
et al. [38] respectively, provide a measure of both single words
alongside sentences and may therefore offer more robust results.
The British Standards Institution [42] advise that context provision
can increase success by as much as 30%. As such, the selected
word banks of individual tests could affect results if these are not
in context with the environment studied. Interestingly,
Radonovich et al. [34] suggest if medical terminology were used
within the clinical setting in their study a different speech intelli-
gibility result may have been returned.

Bandaru et al. [32], Magee et al. [33] and Mendel et al. [10] all
conducted studies within a ‘gold standard’ sterilised audiometry
setting with background noise controlled. While undoubtably use-
ful in determining experimental accuracy, the utility of this con-
trolled setting as a surrogate for the clinical environment is
debatable and must be interpreted accordingly. Mendel et al. [10]
actually reported the listening conditions “too good,” and a ceil-
ing effect was seen in Bottalico et al. [27] which could affect the
reliability of the produced results. To combat this, Atcherson et al.
[37] and Mendel et al. [10] applied a conversion of data to ration-
alised arcsine units to stabilise the variance encountered.
Nonetheless, this may present an underestimation of significance
between the unmasked and masked conditions and potentially a
type 2 error. Perhaps the most ‘clinically’ useful data comes from
the directly applied designs[34,35,40] where communication was
directly assessed in healthcare environments using covid-19 dis-
tancing measures. Here, clear blockages to communication were
evident with mask use.

While all facemasks inhibited communication to some degree,
variation in performance was reported by type. Fabric facemasks
produced the highest negative effects on speech intelligibility,
while surgical and N95 masks comparatively offered less of a bar-
rier to communication. Confusingly Mendel et al. [10] reported
the use of facemasks to increase speech perception scores. It is
unclear why this paper differs in its findings to the wider litera-
ture but this may be related to the specific methodology
employed in which a trained, clearly articulate, professional radio
broadcaster was utilised to record speech stimuli. This paper
scored lowest in quality assessment and bias may then confound
the reports results.

Unsurprisingly, communication in people with hearing loss is
more affected by mask-wearing than in those with normal hear-
ing. Transparent face masks were introduced as part of the covid-
19 safety measures to support communication between those
who have hearing difficulties or are deaf, patients/service users
with cognitive problems such as dementia, and those with learn-
ing disabilities [43]. Generally, these include a transparent area,
which allows the wearer's mouth and areas of the face to be vis-
ible to others, as required for lip reading or other facial visibility
requirements. These transparent masks (with a transparent mouth
covering within a standard facemask) are importantly different to
face shields, which are separate articles, typically worn over
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Presence of a star indicates a satisfactory reporting of the methodological aspect in question. Absence of a star that this aspect has not been satisfactorily reported or considered in the study design. ‘Selection’ and

‘Outcome’ categories have a maximum allocation of 1 star. The ‘Comparability’ category carries a possible 2 stars. The total score reflects the number of stars awarded, with a maximal possible score of nine.
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facemasks as an extra layer of splatter protection. Atcherson
et al.[37] and Homans et al. [40] found the transparent facemask
and face shield responsible for the greatest sound attenuation.
While transparent masks do attenuate (restrict) sound transmis-
sion more than opaque masks (due to the materials used in
construction) people with hearing loss do seem to benefit from
their use, due to these allowing for visual facial ques and lip-
reading, which corresponds with data from experimental data
from loudspeaker experimentation [13]. An unforeseen draw-
back of the transparent facemask or face shield though is that it
can reflect glare into the eyes of the listener, therefore reducing
visual cues and lipreading ability; a very real situation occurring
within the clinical practice that can be a specific issue for hear-
ing impaired individuals. Overall, the data suggests facemasks
significantly affect speech understanding and more so within
the presence of background noise and for those in hearing-
impaired populations. Individuals with severe-profound hearing-
impairment without electronic aids but lipread are affected less
by background noise, however, this cohort is increasingly
affected by the RPE presence.

Several suggestions have been offered to explain the vari-
ation in results obtained including the ‘Lombard effect’ where
people with a facemask speak louder to overcome the physi-
cal/perceived communication barrier or an ‘occlusion’ effect
where positive feedback of the spoken sound is increased due
to the facemask. Increasing voice volume is a simple and effect-
ive method of volume compensation when the mouth is
obstructed [44] and Hampton et al. [38] report a significant
effect on speech understanding when raising speech volume
whilst wearing RPE. Atcherson et al. [37] identified that for nor-
mal hearing participants in quiet environments, facial expres-
sions and lipreading did not affect the results significantly but
increased the confidence with which participants answered.
However, for those with severe-profound hearing impairment,
the results significantly increased when visual cues were
allowed. This may be an example of the “McGurk” effect where
audio-visual cues are relied upon in speech perception [45].
Where these cues are removed, such as when wearing RPE,
speech understanding can be impaired. High sound attenuation
was seen with the transparent facemask, therefore, reducing the
audio cues, but arguably increasing the visual cues available to
the listener. Whether these visual cues are needed or not may
depend on the hearing-impairment level of the listener.
Chladkova et al. [46] demonstrated that adults with normal
hearing adapt their speech perception by reducing reliance on
visual cues, this was not an immediate effect and reduced over
a 4-week period. As RPE may continue to be worn in clinical
settings for some time it may be helpful to consider what type
of covering is most appropriate in the context of interpersonal
communication as opposed to droplet spread. Specific consider-
ation should be given to hearing-impaired individuals and
whether they may benefit from visual cues, in which case trans-
parent face coverings would be beneficial, or audio cues, where
FRSM performs highest for speech intelligibility and understand-
ing. The benefits of different masks may be different for individ-
uals and providing an element of choice in design may be
useful. General advice to mitigate the barriers posed by the pro-
tective facemask in clinical settings are to, where possible,
reduce the level of background noise, speak loudly and clearly,
and to use gestures. This may pose something of a challenge in
clinical environments where confidentiality is important. Writing
down information may then be the most practical measure to
augment a consultation that is challenged by masks. Further
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awareness of persons with hearing impairments, the function (or
otherwise) of hearing aids in patients that require these, and an
ability to use transparent materials where appropriate may help
facilitate masked communication in healthcare settings.

Strengths and limitations

Strengths of this work include the extensive search undertaken of
five databases plus Google Scholar that present a cohesive sum-
mary of the effects of facemasks on speech understanding in
adult human populations. Limitations include the comparatively
modest number of studies that could be evaluated, the variation
of clinical settings and outcome measures used along with the
inherent small sample sizes which may limit generalisability.

Conclusions

This systematic review highlights complexity and heterogeneity in
outcome assessment measures of communication with facemask
usage, but, broadly, RPE negatively affects speech understanding.
This is evident in both normal hearing and particularly challeng-
ing in hearing-impaired adults due to the visual cues required
with lipreading and facial expressions during communication. The
presence of background noise also produces deleterious effects
on speech understanding more so within hearing-impaired popu-
lations. Simple recommendations to step closer (where social-dis-
tancing rules permit), to speak louder or to use speech-to-text
applications (if practical) could all mitigate the barrier RPE poses.
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