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Abstract 

Face coverings have been key in reducing the spread of COVID‑19. At the same time, they have hindered interper‑
sonal communication, particularly for those who rely on speechreading to aid communication. The available research 
indicated that deaf/hard of hearing (HoH) people experienced great difficulty communicating with people wearing 
masks and negative effects on wellbeing. Here we extended these findings by exploring which factors predict deaf/
HoH people’s communication difficulties, loss of information, and wellbeing. We also explored the factors predicting 
perceived usefulness of transparent face coverings and alternative ways of communicating. We report the findings 
from an accessible survey study, released in two written and three signed languages. Responses from 395 deaf/HoH 
UK and Spanish residents were collected online at a time when masks were mandatory. We investigated whether 
onset and level of deafness, knowledge of sign language, speechreading fluency, and country of residence predicted 
communication difficulties, wellbeing, and degree to which transparent face coverings were considered useful. 
Overall, deaf/HoH people and their relatives used masks most of the time despite greater communication difficulties. 
Late‑onset deaf people were the group that experienced more difficulties in communication, and also reported lower 
wellbeing. However, both early‑ and late‑onset deaf people reported missing more information and feeling more 
disconnected from society than HoH people. Finally, signers valued transparent face shields more positively than 
non‑signers. The latter suggests that, while seeing the lips is positive to everyone, signers appreciate seeing the whole 
facial expression. Importantly, our data also revealed the importance of visual communication other than speechread‑
ing to facilitate face‑to‑face interactions.

Highlights 

• Late-onset deaf people experienced more difficulties in communication and low wellbeing.
• Severely/profoundly deaf people missed more information and felt disconnected from society.
• Signers preferred completely transparent face coverings.
• More frequent use of masks doesn’t necessarily imply more difficulty communicating.
• Visual communication, pro-social behaviour, and societal structure might help easing communication.
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Significance statement
The present study is a tight collaboration between deaf 
and hearing researchers in the fields of cognitive psy-
chology and language processing in deaf people. We 
investigate the communication challenges faced by deaf 
and hard of hearing (HoH) people due to the commu-
nity-wide use of face masks to help stopping the spread 
of COVID-19. Previous knowledge of basic research 
on language processing in deaf people informed both 
the survey’s design and the selection of predictors for 
the regression analyses. For example, level and onset of 
deafness were included as separate predictors because 
basic research shows that they result in different lev-
els of reliance on speechreading to aid communication. 
Similarly, sign languages (SLs) are the first language of 
many deaf/HoH people. Knowing a SL could equip the 
signer with visual-communication strategies other than 
speechreading.

Our findings highlight the importance of acknowledg-
ing the diversity in the deaf/HoH population and hence 
tailor interventions to their specific needs. We found that 
late-onset severely and profoundly deaf people experi-
enced more difficulties communicating and lower wellbe-
ing. However, it was signers who thought they had missed 
more information and felt more disconnected from soci-
ety. Clear window masks, while better than opaque masks 
for all deaf/HoH people, might be most effective for flu-
ent speechreaders and for non-signers. Interactions with 
signers could be improved by using completely transpar-
ent face coverings, paired with increased ventilation and 
social distancing for safety. Finally, other ways of commu-
nication such as using SL as much as possible, gesturing, 
writing or a combination of them can be particularly use-
ful for deaf people.

Introduction
Face masks have been shown to effectively reduce the risk 
of COVID-19 infection (Chu et al., 2020). This meant that 
by the summer of 2020 most countries required use of 
masks in public locations (Howard et al., 2021). Further-
more, it is likely that the use of face coverings will persist 
to some degree in the near future (Ballard, 2022; BBC, 
2021; Wisconsin Public Radio, 2022). Facial coverings 
have been essential to control the spread of the virus and 
therefore to save lives. At the same time, masks hinder 
interpersonal communication as they attenuate the vocal 
sounds and cover facial expressions and lip movements 
(Mheidly et  al., 2020). Masks add to the communica-
tion challenges faced by deaf and hard-of-hearing (HoH) 

people, who often rely on speechreading (lipreading1) 
to aid communication. The deaf and HoH communities 
warned early in the pandemic that use of face masks was 
likely to have a negative impact on communication (see 
e.g. jewishnews.timesofisrael.com, 2020; Lavanguardia.
com, 2021; NDCS, 2021; RNID, 2021b; Saiz et al., 2022) 
because it impedes speechreading. Similar warnings were 
issued from the medical community (Chodosh et  al., 
2020), highlighting that masks negatively affect speech 
perception in hospitals (particularly for older people) 
and that the lack of visual cues from the face was likely 
to have a major impact on deaf people (see Tavanai et al., 
2021). The present survey study investigated the impact 
of face masks on loss of information, wellbeing, and how 
communication could be improved.

According to the World Health Organisation (WHO), 
approximately 430 million people worldwide have hear-
ing loss (WHO, 2021), 12 million in the UK (RNID, 
2021a), and over one million in Spain (see e.g. INE, 
2021). It is well known that the deaf and HoH popula-
tion is extremely heterogeneous. For example, in the UK 
approximately 28% of deaf/HoH people became deaf/
HoH at birth or early childhood, and around 71% became 
deaf/HoH later in life, most of them as a result of ageing 
(see e.g. ONS, 2018). People with different onset of deaf-
ness are likely to adopt different communication strate-
gies (Garstecki & Erler, 1999). For instance, it has been 
shown that people with late-onset deafness might be 
reluctant to disclose their deafness, reducing the number 
of social interactions they experience altogether (Barker 
et al., 2017). Conversely, early-onset deaf people are likely 
to have developed more efficient visual communication 
strategies (including learning sign language, develop-
ing better speechreading ability, use of manually coded 
speech, cued speech, increased use of pointing and ges-
turing, etc., see e.g. Gravel & O’Gara, 2003; Mohammed 
et  al., 2006). A second source of differences is linked to 
the amount of speech signal that can be accessed depend-
ing on the level of deafness. Even individuals with mild 
or moderate hearing loss (referred through this paper as 
HoH) often miss most consonants and experience dif-
ficulty perceiving vowel sounds (see e.g. Northern & 
Downs, 2002). On the other hand, speech can be largely 
inaudible without hearing aids to people with severe or 
profound hearing loss (referred through this manuscript 
as deaf; see e.g. Northern & Downs, 2002; Olusanya et al., 
2019). There are also differences in age of first language 

1 Speechreading refers to comprehension of speech through vision. Lipread-
ing is a main component of speechreading and a highly familiar term. The 
present study used the term lipreading in the survey questions to maximise 

understanding by a heterogeneous pool of respondents. Therefore, we used 
the label lipreading fluency for the related dependent measure for precision. 
However, throughout the introduction and discussion we used the term 
speechreading to acknowledge the fact that deaf people usually take cues from 
the whole face rather than just the lips.

Footnote 1 (continued)
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acquisition and language fluency in either spoken or sign 
language. For example, it has been found that children 
with mild to severe deafness, who often are not exposed 
early to a sign language, show delays in spoken language 
development (Tomblin et  al., 2015). However, deaf chil-
dren who have been exposed to an accessible visual 
language early in life are much less likely to show the det-
rimental effects of language deprivation (see e.g. Hum-
phries et al., 2012; Kushalnagar et al., 2010).

Another critical source of differences is the amount of 
information that can be accessed through speechreading 
in interactions without masks, with only a proportion of 
deaf/HoH people being fluent speechreaders. With only 
30–40% of speech sounds distinguishable on the lip-pat-
terns (Woodward & Barber, 1960), proficient access to 
speech through speechreading is challenging for many 
deaf/HoH people. All these differences lead to highly 
variable everyday communication experiences that can 
be affected differently by the use of face masks. Finally, 
another factor relevant to everyday communication 
while using face coverings could be the cross-cultural 
differences affecting the frequency with which masks 
have been used and the development of communication 
alternatives. Here we explore the impact of mask usage 
on deaf/HoH people in two countries where regulations 
about mandatory mask usage was distinct: Spain and the 
UK. In Spain, using face masks was mandatory at the 
time of the survey (November 2020 to February 2021) in 
public in both indoor and outdoor spaces and with very 
few exemptions allowed (e.g. with an updated certificate 
from a medical practitioner justifying the exemption). In 
the UK, outdoor mask use was not mandatory, and there 
were more exemptions compared to Spain. These differ-
ences, together with other possible cultural differences 
(i.e. more generalised use of gestures accompanying 
speech in Spain), could have led to different communica-
tive experiences. In summary, in addition to country of 
residence, we study whether onset and level of deafness, 
knowledge of sign language, and speechreading ability 
predict respondents’ perceptions of difficulty in commu-
nication, impact on wellbeing, and efficacy of clear view 
face coverings.

Communication difficulties
A handful of survey studies run by organisations work-
ing with deaf/HoH people reported that 85% of deaf/
HoH respondents saw face coverings as an impediment 
for speechreading, and 72% of HoH respondents thought 
that masks made it more difficult for them to use their 
residual hearing to aid speech comprehension (Ideas 
for Ears, 2020). Market research from the hearing aids 
industry found that masks made communication more 
difficult and contributed to an increase in frustration, 

embarrassment, and isolation amongst the hearing aid 
users that answered their survey (Specsavers, 2021). 
Trecca et  al. (2020) reported preliminary data from 59 
Italian hospital patients with mild to profound hearing 
loss. The patients included in this study expressed con-
cerns about the sound attenuation (44% of respondents) 
and the impossibility of speechreading when medical 
practitioners were using masks (56% of respondents). A 
survey conducted before masks were mandatory in the 
UK found that deaf/HoH people were concerned that the 
use of face coverings was becoming more common, with 
a trend for people with more severe levels of deafness 
to express higher levels of concern (Naylor et al., 2020). 
Another study conducted in the UK (Saunders et  al., 
2021) found that face coverings had a more negative 
impact in communication for deaf/HoH than for hearing 
people. In an online survey study of over 400 deaf/HoH 
people that was analysed using a combination of descrip-
tive statistics and thematic analyses, Saunders et  al. 
(2021) found detrimental effects of face coverings in the 
quality of hearing and understanding, significantly more 
for people with poor/very poor self-reported hearing. 
Furthermore, communication with masks was perceived 
by most participants as fatiguing and frustrating. The 
current study aims to build up on these previous results 
by exploring how the above predictors influence—if at 
all—the perceived difficulty of communicating. Saunders 
et al. (2021) also reported that the impact of face cover-
ings might depend on the conversational situation, hav-
ing a larger negative impact on medical settings or at 
work than in communication with family and friends. 
Here, besides a general measure of difficulty communi-
cating when the conversational partner was using a mask, 
we added specific questions about professional as well as 
social situations.

Loss of information and wellbeing
The increase in the use of face masks is likely to result in 
loss of information conveyed in interactions using masks. 
Studies carried out in medical settings pre-COVID, 
where masks were used but not as extensively, indicate 
that deaf/HoH people reported having missed consid-
erable amounts of relevant information. In a study with 
95 deaf/HoH university students in the UK and Ireland, 
Henn et  al. (2021) found that 60% of participants expe-
rienced miscommunication during consultations that 
involved diagnosis, advice, and information about medi-
cation. Importantly, speaking while wearing surgical 
masks was one of the factors linked to miscommunica-
tions during consultations. Here we study whether or 
not the amount of information that deaf/HoH people 
thought they missed is linked to the above predictors.
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While being hard for everyone (Epifanio et  al., 2021; 
Ping et  al., 2020), the community-wide use of face 
masks could have important consequences on deaf/
HoH people’s wellbeing. Even before the COVID out-
break, research showed that deaf people experience 
numerous communication challenges, which have been 
linked to poorer mental health and lower quality of life 
(e.g. Margaret du Feu, 2014). One important reason 
why communication issues specific to face masks could 
have disproportionate consequences for deaf/HoH peo-
ple is that many of them might rely predominantly on 
speechreading. Previous research has shown that deaf/
HoH people are, as a group, more proficient speechread-
ers than hearing people (Mohammed et  al., 2006), pos-
sibly having developed over time more efficient strategies 
to utilise visual speech information. For example, Kyle 
et al. (2013) found no differences in speechreading ability 
between hearing and early-onset deaf children. However, 
Mohammed et al. (2006) found better speechreading skill 
in a group of adult early-onset deaf people when com-
pared to hearing people. These findings suggest a devel-
opmental trajectory in which deaf/HoH people improve 
their speechreading skill as a consequence of commu-
nication experience. Another reason why face covering 
might affect deaf/HoH people more is that mouth pat-
terns and facial expressions are essential for sign lan-
guage comprehension (see e.g. Sutton-Spence & Woll, 
1999). Therefore, signers are likely to also be affected by 
the use of masks. Despite the importance of studying the 
effects of face masks on deaf/HOH people’s wellbeing, 
the number of empirical studies is extremely low. Saun-
ders et al. (2021) found that for the deaf/HoH people in 
their study, the communication issues produced a num-
ber of negative emotions that included increased anxi-
ety and feelings of isolation, as well as loss of confidence. 
Face coverings were also related with less willingness to 
engage in conversations and lower feeling of personal 
connection with the conversational partner. Here we 
explore whether the above predictors are linked to emo-
tional wellbeing (measured as feeling of disconnection 
from society) and a general measure of quality of life that 
includes both mental and physical health. Our findings 
could reveal areas of vulnerability and thus contribute 
to more finely tuned guidelines offered to the deaf/HoH 
communities.

Ways to improve communication
It is important to note that communication success 
largely depends on the conversational partner. Whether 
or not the interlocutor is deaf/HoH aware, how much 
gesture/body language they use, if they know sign lan-
guage or not, whether or not they have an accent that the 
deaf/HoH person is familiar with, and how clear their 

mouth patterns are (e.g. Middleton et al., 2010; Smiljanić 
& Bradlow, 2009). Middleton et al. (2010) found that for 
communication success in clinical settings it is crucial 
that healthcare providers are deaf aware, and fluent sign-
ers are present if contact with deaf/HoH patients is com-
mon. Saunders et al. (2021) study revealed that deaf/HoH 
people adapted their own behaviour to include more ges-
tures and explicit facial expressions (particularly using 
their eyes) to improve communication. In the present 
study we extended this question to the behaviours of the 
communication partners by asking deaf/HoH respond-
ents to what degree they had observed other people’s 
attempts to communicate in an alternative way.

To facilitate speechreading, the healthcare commu-
nity has advocated for the use of transparent face masks 
(see e.g. Chodosh et  al., 2020). Likewise, some mem-
bers of the deaf/HoH communities have petitioned for 
a wider use of communication friendly face coverings 
such as masks with a clear window (for examples of deaf 
people’s requests for clear face windows see e.g. Ideas 
for ears, 2020; NDCS, 2020). However, other deaf/HoH 
people have warned that transparent face masks might 
not resolve communication issues entirely (for an exam-
ple in Spanish see Emilio Ferreiro, 2020), arguing that 
there might be large differences between deaf/HoH peo-
ple in the amount of information they can extract from 
lip patterns. Published research seems to support this 
view. Take for example Mohammed et al’s. (2006) study 
where deaf participants were not only significantly bet-
ter speechreaders than hearing participants at the group 
level, but a large variability in speechreading skill can 
also be observed in the study’s participants (Mohammed 
et al., 2006; Fig. 3). Furthermore, transparent face cover-
ings are expensive, there are few manufacturers available, 
and manufacturing is not yet regulated (Chodosh et  al., 
2020). Research investigating to what extent transpar-
ent face coverings facilitate communication, and what 
groups are more likely to benefit from seeing the lips is 
still scarce. A pre-COVID study (Atcherson et al., 2017) 
found that deaf/HoH people who were trying to under-
stand speech in noise performed best in the transparent 
than in the standard mask condition. Recently, Homans 
and Vroegop (2022) also found that transparent face 
shields, despite distorting the acoustic signal more than 
surgical masks, led to better speech understanding. Simi-
larly, Saunders et  al. (2021) also found that deaf/HoH 
respondents evaluated transparent face covering posi-
tively. Here we investigate deaf/HoH people’s perceptions 
of both clear window masks and transparent face shields.
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Current research
The empirical studies available seem to converge on 
the increased communication challenges imposed by 
masks for deaf/HoH people in general, both in terms of 
increased difficulty and detrimental effects on wellbeing. 
However, research is needed into what aspects of deaf-
ness, if any, play a bigger role during communication 
using face coverings. Additionally, little is known about 
how different regulations regarding mandatory use of 
masks have had an impact on communication. Finally, 
it has been suggested that transparent face coverings 
could have a beneficial effect for deaf/HoH people but 
there remains no research into who might benefit more 
from communication friendly face masks. Here we report 
an exploratory survey study that investigates which fac-
tors predict communication difficulties, wellbeing, and 
usefulness of transparent face coverings. Importantly, 
the present study has a strong focus on accessibility. In 
order to conduct research that represents well the deaf/
HoH populations, we provided participants with the 
opportunity to see the survey in their preferred language. 
Therefore, we released our survey not only in two writ-
ten languages but also 3 different sign languages (British 
sign language [BSL], Spanish sign language [lengua de 
signos española: LSE] and Catalan sign language [llengua 
de signes catalana: LSC]. Finally, the data for the present 
study was collected between November 2020 and Feb-
ruary 2021, when face masks had been mandatory and 
widely used both in Spain and the UK for several months 
(Table 1).

Methods

Participants
Only complete datasets from deaf or HoH people living 
in Spain and the UK were downloaded from the Qual-
trics platform and analysed (an additional 109 datasets 

corresponded to clicks on the survey link whereafter 
clicking consent and choosing language no other ques-
tion was answered). A total of 395 deaf or HoH people 
from the UK (n = 273) and Spain (n = 122) voluntarily 
completed this survey in exchange for participation in 
a prize draw. Participants were on average 45.6  years 
old (SD = 15.9, range 18–81), respondents’ character-
istics are shown in Table  2. One hundred and twelve 
deaf respondents (28.4% of the total sample) completed 
the sign language version of the survey. After they had 
given their answers, participants were offered the option 
to enter one of 6 prize draws (£50 or 50€ depending on 
their country of residency). Participants were recruited 
through word of mouth, social media posts, and deaf 
organisations email distribution lists. This study was 
approved by University of Essex Science and Health Eth-
ics Sub-committee (ETH2021-0196).

Procedure
After giving informed consent, participants answered the 
survey items online, using their own devices and at their 
own pace. Participants were allowed 1 week to complete 
the survey; previous responses were saved as long as they 
accessed the link using the same device. Data was col-
lected between the 3rd of November 2020 and the 10th 
of February 2021, while the use of face masks was man-
datory in both countries (although with different regula-
tions regarding indoors/outdoors wearing).

Materials
Our survey included demographic questions (e.g. age, 
gender, country of residence, etc.) as well as the follow-
ing deafness and language background measures (predic-
tors in the regression analyses, together with country of 
residence):

Table 1 Summary of the current research

Survey languages Predictors Outcome measures

Written English Level of deafness General difficulty communicating with others who wear masks

Written Spanish Onset of deafness Difficulty communicating with others who wear masks in professional situations

British Sign Language (BSL) Knowledge of sign language Difficulty communicating with others who wear masks in informal social situations

Spanish Sign Language (Len‑
gua de signos Española: LSE)

Lipreading fluency Perceived amount of information missed

Catalan Sign Language (llengua 
de signes catalana: LSC)

Country of residence Feeling of disconnection from society

General wellbeing (quality of life)

Perceived efforts made by others to improve communication

Perceived efficacy of clear masks

Perceived efficacy of transparent face shields
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Country of residence
For the analyses, country of residence was vector 
coded − 1 = Spain and 1 = UK.

Level of deafness
Participants answered to the question “What is the level 
of deafness in your best ear?” they selected one of five 
options (mild, moderate, severe, profound, I don’t know). 
We considered those who reported either mild or mod-
erately deaf in their best ear to be HoH. We considered 
those who reported either severely or profoundly deaf in 
their best ear to be deaf, except for 5 who did not know. 
These 5 participants who answered “I don’t know” to this 
item were categorised as deaf based on their answers 
to other background questions (e.g. they currently are 
or had been users of a cochlear implant, which is only 
offered to people with severe to profound deafness). This 
distinction is important because HoH people have some 
access to speech sounds without aids, while severely or 
profoundly deaf people generally have very little or no 
access to speech sounds without aids. For the analy-
ses, level of deafness was vector coded − 1 = HoH and 
1 = deaf.

Onset of deafness
People that became deaf at age 10 or older were con-
sidered late-onset, while people becoming deaf before 
the age of 9  years old were considered early-onset. 
This distinction was based on previous studies with 
deaf people who considered age 9 as the cut-off age for 
early language development (for a recent review see 
Mayberry & Kluender, 2018). In our sample, 228 out 
of 276 early-onset respondents were deaf at birth or 
before 3  years of age, only 9 reported becoming deaf 
between the ages of 6 and 9. Finally, 108 out of the 
120 late-onset respondents became deaf after the age 
of 15. For the analyses, onset of deafness was vector 
coded − 1 = Late and 1 = early.

Knowledge of SL
Participants answered yes if they knew any sign language 
and no if they did not know any sign language. For the 
analyses, Knowledge of SL was coded − 1 = non-signer 
and 1 = signer.

Lipreading fluency
Participants were considered non-fluent if they 
responded average, poor, or not at all at the question 

Table 2 Participants’ characteristics

Percentages are bolded

UK Spain Total

n % n % n %

Gender

Female 195 49.4 78 19.7 273 69.1
Male 74 18.7 39 9.9 113 28.6
Genderqueer 2 0.5 2 0.5
Transgender 1 0.3 1 0.3
Prefer not to say 3 0.8 3 0.8 6 1.5
Cochlear implant fitted 52 13.2 33 8.4 85 21.5
Belongs to a vulnerable group 89 22.5 28 7.1 117 29.6
Had COVID‑19 29 7.3 13 3.3 42 10.6
Level of deafness

Hard of hearing 79 20.0 28 7.1 107 27.0
Deaf 194 49.1 94 23.8 288 73.0
Onset of deafness

Early 179 45.3 94 23.8 273 69.1
Late 96 24.3 26 6.6 122 30.9
Knowledge of SL

Signer 198 50.1 87 22.0 285 72.2
Non‑signer 74 18.7 35 8.9 109 27.8
Lipreading fluency

Fluent 183 46.3 91 23.0 274 69.4
Non‑fluent 85 21.5 27 6.8 112 28.4
Total 273 68.9 122 30.8 395 100
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“Indicate how fluent you are—that is how well you are 
able to communicate—in Spoken English: lipreading” (in 
the Spanish version: “Indicate how fluent you are—that is 
how well you are able to communicate—in Spoken Span-
ish: lipreading”). If their answer was I don’t know it at all, 
poor, or average they were considered non-fluent. Con-
versely, if their answer was good, excellent, or native-like 
they were considered fluent at lipreading. For the analy-
ses, lipreading fluency was vector coded − 1 = non-fluent 
and 1 = fluent.

Measures of mask usage
We also included questions aimed to explore the fre-
quency of their experiences in communication settings 
using face masks. Specifically, respondents answered, on 
a scale of 1 (never) to 5 (always), how often masks were 
worn outside of their own house by themselves, their 
family members, their deaf friends, and their hearing 
friends. They also answered how many hours a day they 
communicated with other people that were wearing a 
mask. The response options (1–4) were “less than 1 h a 
day”, “1–3 h a day”, “4–6 h a day” and “more than 6 h a 
day”.

Finally, the dependent measures of interest were the 
following:

General difficulty communicating with  others who wear 
a mask Participants answered the question “In general, 
how easy do you think communication is when other peo-
ple wear a face mask?” the response options (1–5) were, 
“1 = very difficult”, “2 = difficult”, “3 = neither difficult or 
easy”, “4 = easy”, “5 = very easy”. Responses were reverse 
coded for analyses.

Difficulty communicating with  others who wear a  mask 
in professional situations This measure reflects the aver-
age of the inverse coded responses to the question “How 
easy do you think communication is when other people 
wear a face mask in the following situations?” in the fol-
lowing items: Hospital or doctor’s appointments, Educa-
tion/courses, Workplace, Shopping, official interactions 
(banks, bills, council, etc.; Cronbach’s alpha = 0.808). The 
response options (1–5) were, “1 = very difficult”, “2 = dif-
ficult”, “3 = neither difficult or easy”, “4 = easy”, “5 = very 
easy”.

Difficulty communicating with  others who wear a  mask 
in  informal social situations This measure reflects the 
average of the inverse coded responses to the question 
“How easy do you think communication is when other peo-
ple wear a face mask in the following situations?” in the 
following items: Communication with friends, commu-
nication with romantic partner, and communication with 

family (Cronbach’s alpha = 0.913). The response options 
(1–5) were, “1 = very difficult”, “2 = difficult”, “3 = neither 
difficult or easy”, “4 = easy”, “5 = very easy”.

Amount of  information missed Participants answered 
the question “Since the COVID-19 outbreak, how much 
information do you think you have missed when commu-
nicating with people while they were wearing a mask and 
speaking? “ the response options (1–5) were “1 = I have 
missed no information at all”, “2 = I have missed a little 
information”, “3 = I have missed a moderate amount of 
information”, “4 = I have missed a lot of information”, and 
“5 = I have missed a great deal of information”.

Emotional wellbeing: feeling of  disconnection from  soci-
ety Participants answered the question “Since the 
COVID-19 outbreak how much of the time have you felt 
more disconnected from society than before?” the response 
options (1–6) were “1 = none of the time”, “2 = a little of 
the time”, “3 = some of the time”, “4 = a good bit of the time”, 
“5 = most of the time”, and “6 = all of the time”.

General wellbeing: quality of  life We used the SF-12 
questionnaire v.1 (Ware Jr et al., 1996) to measure quality 
of life in the 4 weeks prior to answering the survey. The 
SF-12 assess the impact of health on someone’s everyday 
life that is often used as a wellbeing measure. The original 
SF-12 questionnaire has been translated to multiple lan-
guages, including Spanish (e.g. Vilagut et al., 2008) but not 
to any sign language. For the purposes of this research, we 
translated to BSL, LSE and LSC the questionnaire items 
(see details below). Since this questionnaire has not been 
validated with deaf and HoH populations, for the pur-
poses of this study we use the raw scores in the analysis.

Perception of  others’ efforts to  improve communica-
tion Participants answered the question “In general, if 
you were missing some information when communicating 
with people that wore a mask and spoke, how much did 
they engage in alternative ways of communication (e.g. ges-
turing, writing, using the mobile phone, etc.)?” the response 
options (1–5) were “1 = Not at all”, “2 = A little”, “3 = A 
moderate amount”, “4 = A lot”, and “5 = A great deal”.

Perceived efficacy of  clear window masks Participants 
answered the question “How much do you think that face 
masks with a clear window help to solve communication 
issues?” We used the same response options included in 
the others’ efforts to communicate measure.

Perceived efficacy of  transparent face shields Partici-
pants answered the question ““How much do you think 
that transparent face shields help to solve communication 
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issues?” We used the same response options included in 
the others’ efforts to communicate measure.

All survey items were developed in English and trans-
lated to written Spanish, British Sign Language (BSL), 
Spanish sign language (LSE) and Catalan Sign Language 
(LSC). We followed a back translation procedure in 
which, one proficient user of 2 languages translated all 
items from English to written Spanish and to BSL and 
from written Spanish to LSE and LSC. Several different 
proficient users of two of the languages, who had not 
seen the original items, then back-translated the written 
Spanish and BSL questions to English and the LSE and 
LSC questions to written Spanish. This procedure was 
repeated, by different independent translators with no 
knowledge of the previous versions, until congruency 
was achieved between the original and back translated 
items. There were 10 people involved in translations in 
total, 3 from English to Spanish, 2 from Spanish to LSE, 2 
from English to BSL and 3 from Spanish to LSC.

Deaf native signers of BSL, LSE and LSC were filmed 
producing each survey item. We used a HD recording 
device, a greenscreen background, and professional illu-
mination. To ensure consistency, we kept filming condi-
tions, including model’s clothes and physical appearance 
the same across the different recording sessions. Videos 
were edited offline so they all had a neutral background, 
the signer could be seen clearly, and each video clip con-
tained the survey question and the possible options. The 
signed version was always presented together with the 
written text. Participants answered by clicking on the 
written response but note that the exact position of each 
response option had been described in the video, right 
after the question, and that the video could be repeated 
on demand. The response options were presented with 
the question to avoid technical difficulties and/or extra 
effort due to clicking on one independent video for each 
answer type.

Results
In order to ensure that respondents had experience 
in communication settings using face masks, we first 
carried out one-sample t-tests on the measures of fre-
quency of mask wearing (see Table 3; see also Fig. 1 for 
mean and distribution of responses). Results revealed 
that on average the participants and their deaf and 
hearing friends wore masks most of the time. Their fam-
ily members wore masks on average some of the time. 
Finally, on average participants spent around 1 and 3 h 
a day communicating with people who wear masks. 
The values for all measures were significantly higher 
than the lowest possible value, indicating that respond-
ents had participated often in communication settings 
where face masks were worn. This pattern of results 

was the same when residents in the UK and Spain 
were considered separately (all ps < 0.001, all Cohen’s 
d > 2.2). However, independent samples t-tests com-
paring UK and Spanish residents showed that Spanish 
residents wore masks more often than UK residents, t 
(392) = 6.97 p < 0.001. Spanish residents’ interlocutors 
also wore masks more often than UK residents’ inter-
locutors: family members, t(393) = 8.96 p < 0.001, deaf 
friends, t (207) = 7.23 p < 0.001, and hearing friends, 
t(251) = 6.33 p < 0.001. Finally, Spanish residents spent 
more time communicating with people wearing masks 
than UK residents, t(390) = 5.94 p < 0.001.

Then we carried out similar one-sample t-tests on 
the study-dependent variables (except for the wellbe-
ing measure for which we did not have an appropri-
ate standardised value to test against since it has not 
been validated in this population before). The results 
shown in Table 3 and in Fig. 1 indicate that on average, 
respondents thought that communication was “very dif-
ficult” in general and in professional settings, and “dif-
ficult” in informal social settings. They thought they 
had missed “a lot of information” in these interactions; 
they have felt disconnected from society “a good bit of 
the time”. On average, respondents thought that when 
they were experiencing difficulties in communication, 
people wearing masks engaged in alternative ways of 
communication “a little”. Finally, respondents thought 
that clear window masks help to solve communication 
problems “a moderate amount”, while transparent face 
shields help “a lot”. The values for all measures were 
significantly higher than the lowest possible value, indi-
cating that respondents had significantly experienced 
communication difficulties, lack of information, and 
disconnection from society and at the same time, some 
efforts from others to communicate in alternative ways 
as well as the benefits of seeing their interlocutor’s lip 
patterns. This pattern of results was the same when res-
idents in the UK and Spain were considered separately 
(all ps < 0.001, all Cohen’s d > 1.5).

To study to what extent country of residence 
(− 1 = Spain, 1 = UK), level of deafness − 1 = HoH and 
1 = deaf ), onset of deafness (− 1 = late, 1 = early), knowl-
edge of sign language (− 1 = non-signer, 1 = signer), and 
lipreading fluency (− 1 = non-fluent, 1 = fluent) predicted 
(A) experienced difficulty communicating with people 
wearing masks, (B) perceived loss of information and 
wellbeing and (C) opinion on ways to improve commu-
nication, we conducted a series of hierarchical regres-
sion analyses with the mentioned predictors and each of 
the dependent measures of interest. In the hierarchical 
regression the first step contained the main effects, suc-
cessive steps (2 to 5) included all possible 2-way, 3-way, 
4-way and 5-way interactions between predictors. There 
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Fig. 1 a Mean responses to measures assessing frequency of interactions involving masks and to the study’s dependent variables. Mean values are 
shown for UK and Spanish residents separately, the grey bar in the background corresponds to the total average. b The distribution of responses to 
the same measures, a violin plot rather than a pie chart has been used for those measures that comprise continuous values
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were no 4-way nor 5-way interactions (ps > 0.067), there-
fore we limit reporting to the highest-order significant 
interactions in Tables  4, 5, and 6 (the remaining statis-
tics are shown in the Additional file 1). Significant inter-
actions were decomposed to test for the simple effects 
using Aiken et al., (1991). For clarity, only the significant 
simple effects are reported in the text (the remaining sta-
tistics are shown in the Additional file 1). Figure 2 shows 
the correlations between the different predictors and out-
come measures. Weak to moderate significant correla-
tions can be observed between our predictors, indicating 
some degree of shared variance. For example, respond-
ents with early-onset deafness also tended to be signers 
as well as deaf (as opposed of HoH). Deaf respondents 
also tended to be signers (as opposed to not knowing SL). 
Those who reported knowing sign language (signers) also 
reported being fluent lipreaders. Significant correlations 
can also be observed between the three different meas-
ures of difficulty communicating with others who wear 
masks and the rest of the outcome measures.

A. Experienced difficulty communicating.
Table 4 and Fig. 3 summarise the significant effects found 
in this section.

General difficulty communicating with people wearing masks
The main effect of lipreading fluency in the main effects 
model indicated that fluent lipreaders found it more dif-
ficult than non-fluent lipreaders to communicate with 
people wearing masks in general.

The single slope analyses of the level of deafness by 
onset of deafness interaction in the 2-way interaction 
model showed that people who became deaf later in life 
experienced more difficulty if they were deaf than if they 
were HoH, b = 0.224, t(367) = 2.175, p = 0.030, 95% CI 
[0.015, 0.300]. This was not the case for those with early-
onset deafness (p > 0.2).

The single slope analyses of the country of residence 
by lipreading fluency interaction in the 2-way interac-
tion model revealed a trend for fluent lipreaders in the 
UK to experience more mean difficulty than those liv-
ing in Spain, b = 0.203, t(367) =  − 1.935, p = 0.054, 95% 
CI [− 0.280, 0.002], this was not significant in non-fluent 
lipreaders (p > 0.1).

Overall, people who had become deaf later in life expe-
rienced more general difficulty communicating with peo-
ple who were wearing masks both if they were deaf and if 
they were HoH. Furthermore, fluent speechreaders, par-
ticularly in the UK, struggled to a greater extent.

Table 3 Average values and one sample t‑tests for frequency of mask use and dependent variables

Student’s t‑test, the alternative hypothesis specifies that the mean is greater than 1

Mean SD t df p Cohen’s d

How often you wear a mask
(1‑never → 5‑always)

4.3 1.1 62.8 394  < .001 4.11

How often your family members were masks
(1‑never → 5‑always)

2.3 1.4 18.5 395  < .001 1.65

How often your deaf friends wear masks
(1‑never → 5‑always)

4.2 1.1 43.8 210  < .001 3.97

How often your hearing friends wear masks
(1‑never → 5‑always)

4.4 0.9 58.2 252  < .001 4.75

Amount of time communicating with people who wear 
masks (1‑ < 1 h a day → 4 ‑ > 6 h a day)

2.4 0.7 37.9 392  < .001 3.32

Difficulty masks in general
(1‑very easy → 5‑very difficult)

4.6 0.6 112.0 393  < .001 7.20

Difficulty masks professional settings
(1‑very easy → 5‑very difficult)

4.5 0.7 100.2 392  < .001 6.51

Difficulty masks social
(1‑very easy → 5‑very difficult)

3.6 1.2 44.2 380  < .001 3.13

Information missed
(1‑nothing → 5‑a great deal)

4.3 1.0 64.6 384  < .001 4.31

Disconnection from society
(1‑not at all → 5‑all of the time)

3.8 1.6 36.3 391  < .001 2.48

Others’ efforts to communicate
(1‑not at all → 5‑a great deal)

2.4 1.1 26.1 395  < .001 2.24

Efficacy clear window masks
(1‑not at all → 5‑a great deal)

3.1 1.3 32.5 394  < .001 2.43

Efficacy transparent face shields
(1‑not at all → 5‑a great deal)

3.6 1.1 45.9 393  < .001 3.20
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Difficulty communicating with people who wear masks 
in professional settings
The main effect of country of residence in the main 
effects-only model indicated that UK residents found 
more difficult than Spanish residents to communicate 
with people wearing masks in professional settings.

The single slope analyses of the significant interactions 
on the 2-way and 3-way models showed significant sim-
ple effects only for the lipreading fluency by country of 
residence interaction in the 3-way interaction model (all 

other ps > 0.1). Specifically, for fluent lipreaders UK resi-
dents (1) perceived communicating with people using 
masks in professional settings more difficult than Spanish 
residents (− 1), b = 0.154, t(366) = 2.119, p = 0.035, 95% 
CI 0.008, 0.222], this was not significant for non-fluent 
lipreaders (p > 0.05).

Overall, people in the UK, particularly fluent lipread-
ers, found it more difficult to communicate with people 
wearing masks in professional settings than people living 
in Spain but there were no other significant differences.

Fig. 2 Heatmap showing the correlation between the different measures. Darker red colours represent a larger negative correlation while darker 
purple show a larger positive correlation
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Difficulty communicating with people wearing masks 
in informal social situations
The significant effects in the main effects only model 
showed that early-onset deaf people experienced less dif-
ficulty than people who became deaf later in life, signers 
experienced less difficulty than non-signers, and fluent 
lipreaders experienced more difficulty than non-fluent 
lipreaders.

The simple slope analyses of the level of deafness by 
onset of deafness interaction in the 2-way interaction 
model showed that deaf people who became deaf early in 
life experienced less difficulty than people who became 
deaf later in life, b = − 0.368, t(356) =  − 3.719, p < 0.001, 
95% CI −  0.702, −  0.216], this was not significant for 
HoH people (p > 0.4). In addition, for participants with 
early onset deafness, deaf participants experienced 
less difficulty than HoH participants, b = −  0.193, 
t(356) =  − 2.241, p = 0.026, 95% CI −  0.467, −  0.030]. 
The opposite pattern was found for late deafness onset 
people, HoH people experienced more difficulty than 
deaf people, b = 0.232, t(356) = 2.462, p = 0.014, 95% CI 
0.060, 0.537].

The simple slope analyses of the country of residence 
by level of deafness interaction in the 2-way interaction 

model showed that HoH people living in the UK experi-
enced more difficulty compared to those living in Spain, 
b = 0.330, t(356) = 3.465, p < 0.001, 95% CI 0.179, 0.650], 
this was not significant for deaf people (p > 0.401).

The simple slope analyses of the country of residence 
by knowledge of SL interaction in the 2-way interac-
tion model showed that residents in Spain who know SL 
experienced significantly less difficulty than non-signers, 
b = − 0.275, t(356) =  − 2.150, p = 0.032, 95% CI − 0.676, 
− 0.030], this was not the case for UK residents, (p > 0.8). 
In addition, signers who lived in the UK experienced 
relatively more difficulty than signers who lived in Spain, 
b = 0.348, t(356) = 3.910, p < 0.001, 95% CI 0.217, 0.656], 
this was not the case for non-signers (p > 0.05).

Overall, people who became deaf later in life, especially 
the HoH people, and fluent lipreaders experienced more 
difficulty communicating with people wearing masks in 
informal social situations. Furthermore, people in the 
UK reported communication with people using masks 
in informal social situations more difficult than Spanish 
residents. Indeed, Spanish signers reported less difficul-
ties in communication in informal social situations.

Table 4 Summary of significant effects in the regression analysis for experienced difficulty communicating with people who wear 
masks

CI = confidence interval; LL = lower limit; UL = upper limit. The predictors were vector coded: Residence: UK = 1, Spain =  − 1; Level deaf.: Deaf = 1, HoH =  − 1; Onset 
deaf.: Early = 1, Late =  − 1; SL: Know SL = 1, Does not know SL =  − 1; Lipreading fluency: Fluent = 1, non‑fluent =  − 1

Model b t p 95% CI

LL UL

Outcome measure: general difficulty communicating with people wearing masks

1 Lipreading fluency 0.164 3.149 0.002 0.043 0.186

2 Residence * Lipreading fluency 0.171 2.679 0.008 0.029 0.188

2 Level deaf. * Onset deaf  − 0.167  − 2.795 0.005  − 0.202  − 0.035

Outcome measure: difficulty communicating with people who wear masks in professional settings

1 Residence 0.104 2.014 0.045 0.002 0.155

2 Level deaf. * Onset deaf  − 0.125  − 2.072 0.039  − 0.190  − 0.005

3 Lipreading fluency  − 0.256  − 2.097 0.037  − 0.378  − 0.012

3 Residence * Lipreading fluency 0.219 2.312 0.021 0.023 0.282

3 Level deaf. * SL  − 0.194  − 1.996 0.047  − 0.298  − 0.002

Outcome measure: difficulty communicating with people wearing masks in informal social situations

1 Onset deaf  − 0.144  − 2.500 0.013  − 0.321  − 0.038

1 SL  − 0.126  − 2.168 0.031  − 0.308  − 0.015

1 Lipreading fluency 0.140 2.831 0.005 0.054 0.302

2 Residence 0.199 3.178 0.002 0.095 0.404

2 Residence * Level deaf  − 0.142  − 2.130 0.034  − 0.318  − 0.013

2 Residence * SL 0.160 2.201 0.028 0.020 0.354

2 Level deaf. * Onset deaf  − 0.211  − 3.806 0.000  − 0.415  − 0.132

3 Onset deaf  − 0.271  − 2.076 0.039  − 0.660  − 0.018

3 Level deaf. * Onset deaf  − 0.185  − 1.996 0.047  − 0.476  − 0.003
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B. Loss of information and wellbeing
Table 5 and Fig. 4 summarise the significant effects found 
for Amount of information missed, feeling of disconnec-
tion from society, and general wellbeing.

Amount of information missed
The significant effects in the main effects only model 
showed that HoH people (− 1) missed less information 
that deaf people (1; p = 0.026), and signers (1) tend to 
miss more information than non-signers (− 1; p = 0.054).

The simple slope analyses of the level of deafness by 
onset of deafness interaction in the 2-way interaction 
model showed that for people with late-onset deafness, 
deaf people missed more information than HoH peo-
ple, b = − 0.274, t(358) = 2.686, p = 0.008, 95% CI 0.081, 
0.524], this was not the case for early onset deafness 
(p > 0.8).

Overall, signers and deaf, specifically late-onset deaf 
people, reported to have missed more information.

Emotional wellbeing: feeling of being disconnected 
from society
The main effect of deafness in the 2-way and the 3-way 
interaction model showed that deaf people (1) felt 
more disconnected from society than HoH people (− 1; 
p = 0.009).

The simple slope analyses of the country of residence 
by level of deafness interaction in the 2-way interac-
tion model showed that deaf people living in Spain 
felt more disconnected from society than UK resi-
dents, b = −  0.202, t(365) =  − 2.288, p = 0.023, 95% CI 
− 0.632, − 0.048], this was not significant for HoH peo-
ple (p > 0.06). In addition, in Spain HoH people felt less 
disconnected from society than deaf people, b = 0.376, 
t(365) = 2.983, p = 0.003, 95% CI [0.222, 1.080], this was 
not significant for UK residents (p > 0.8).

The simple slope analyses of the country of residence by 
knowledge of SL interaction in the 2-way and the 3-way 
interaction models showed a trend for residents in Spain 

Table 5 Summary of significant effects in the regression analysis amount of missed information, feeling of being disconnected from 
society, and wellbeing

CI = confidence interval; LL = lower limit; UL = upper limit. The predictors were vector coded: Residence: UK = 1, Spain =  − 1; Level deaf: Deaf = 1, HoH =  − 1; Onset 
deaf.: Early = 1, Late =  − 1; SL: Know SL = 1, Does not know SL =  − 1; Lipreading fluency: Fluent = 1, non‑fluent =  − 1

Model b t p 95% CI

LL UL

Outcome measure: amount of information missed

1 Level deaf 0.120 2.230 0.026 0.016 0.250

1 SL 0.167 2.792 0.006 0.054 0.313

2 SL 0.219 2.439 0.015 0.047 0.435

2 Level deaf. * Onset deaf  − 0.146  − 2.443 0.015  − 0.291  − 0.031

Outcome measure: feeling of being disconnected from society

2 Level deaf 0.180 2.292 0.022 0.044 0.579

2 Residence * Level deaf  − 0.218  − 2.952 0.003  − 0.565  − 0.113

2 Residence * SL 0.174 2.159 0.032 0.024 0.521

3 Level deaf 0.333 2.620 0.009 0.144 1.009

3 Residence * Level deaf  − 0.376  − 2.710 0.007  − 1.012  − 0.161

3 Residence * SL 0.286 2.113 0.035 0.031 0.865

3 Level deaf. * Onset deaf. * SL  − 0.151  − 2.003 0.046  − 0.502  − 0.005

Outcome measure: quality of life

1 Level deaf 0.129 2.377 0.018 0.527 5.571

1 SL  − 0.157  − 2.580 0.010  − 6.514  − 0.879

1 Lipreading fluency 0.108 2.083 0.038 0.140 4.871

2 Onset deaf 0.223 2.429 0.016 0.973 9.248

2 SL  − 0.212  − 2.311 0.021  − 9.264  − 0.746

2 Lipreading fluency 0.174 2.449 0.015 0.796 7.275

2 Residence * Onset deaf  − 0.172  − 2.059 0.040  − 7.107  − 0.163

3 Onset deaf 0.325 2.246 0.025 0.927 13.962

3 Lipreading fluency 0.289 2.344 0.020 1.078 12.330

3 Residence * Level deaf 0.307 2.214 0.027 0.732 12.362

3 Level deaf. * Onset deaf 0.251 2.445 0.015 1.165 10.736
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who know SL to feel less disconnected from society than 
non-signers, b = − 0.264, t(365) =  − 1.874, p = 0.062, 95% 
CI − 0.939, 0.022], this was not the case for UK residents 
(p > 0.5).

The simple slope analyses of the 3-way interaction 
between level of deafness, onset of deafness, and knowl-
edge of SL showed that none of the simple effects reached 
significance (all ps > 0.5).

Overall, deaf people reported feeling more discon-
nected from society. However, there is a trend for Span-
ish signers to feel less disconnected from society than 
non-signers.

General wellbeing: quality of life
Significant effects in the main effects-only model 
revealed that HoH people reported worst wellbeing than 
deaf people (p = 0.018), signers reported lower wellbe-
ing than non-signers (p = 0.010), and non-fluent lipread-
ers reported lower wellbeing than fluent lipreaders 
(p = 0.038).

The simple slope analyses of the country of residence 
by onset of deafness interaction in the 2-way interac-
tion model showed that for Spanish residents early-onset 
people (1) reported higher quality of life than people 
who became later in life (− 1; b = 0.384, t(367) = 2.583, 

p = 0.010, 95% CI 2.086, 15.405]), this was not the case 
for UK residents (p > 0.4).

The simple slope analyses of the level of deafness by 
onset of deafness interaction in the 3-way interaction 
model showed that for deaf people those who became 
deaf early in life (1) experienced more quality of life than 
people who became deaf later in life (− 1), b = 0.339, 
t(367) = 3.131, p = 0.002, 95% CI 2.897, 12.679], this was 
not significant for HoH people (p > 0.3).

The simple slope analyses of the country of residence 
by level of deafness interaction in the 3-way interaction 
model showed no significant simple effects (all ps = 0.07).

Overall, HoH people, deaf people with late-onset deaf-
ness, non-fluent lipreaders, and signers reported the 
worst general wellbeing.

C. Ways to improve communication
Table 6 and Fig. 5 summarise the significant effects found 
for the outcome variables included in this section.

Perceived effort from others to improve communication
Significant effects in the main effects-only model 
revealed that deaf people reported that others have made 
more efforts to communicate with them while wearing a 

Table 6 Summary of significant effects in the regression analysis on measures related with communication improvement

CI = confidence interval; LL = lower limit; UL = upper limit. The predictors were vector coded: Residence: UK = 1, Spain =  − 1; Level deaf: Deaf = 1, HoH =  − 1; Onset 
deaf.: Early = 1, Late =  − 1; SL: Know SL = 1, Does not know SL =  − 1; Lipreading fluency: Fluent = 1, non‑fluent =  − 1

Model b t p 95% CI

LL UL

Outcome measure: perceived effort from others to improve communication

1 Residence  − 0.132  − 2.619 0.009  − 0.271  − 0.039

1 Level deaf 0.130 2.427 0.016 0.030 0.283

3 Residence * Onset deaf  − 0.318  − 2.237 0.026  − 0.644  − 0.041

Outcome measure: perceived efficacy of transparent or clear window masks to facilitate communication

1 SL  − 0.179  − 2.950 0.003  − 0.419  − 0.084

1 Lipreading fluency 0.122 2.341 0.020 0.027 0.310

2 Onset deaf 0.180 1.983 0.048 0.002 0.491

2 SL  − 0.222  − 2.447 0.015  − 0.564  − 0.061

2 Residence * SL 0.238 3.075 0.002 0.110 0.499

2 Level deaf. * SL  − 0.166  − 2.491 0.013  − 0.417  − 0.049

3 SL  − 0.277  − 2.087 0.038  − 0.757  − 0.023

3 Residence * Level deaf  − 0.402  − 2.954 0.003  − 0.853  − 0.171

3 Residence * SL 0.389 2.935 0.004 0.164 0.832

3 Level deaf. * SL  − 0.216  − 2.248 0.025  − 0.569  − 0.038

3 Residence * Level deaf. * Lipreading 
fluency

0.295 2.268 0.024 0.050 0.696

Outcome measure: perceived efficacy of transparent face shields to facilitate communication

1 Level deaf  − 0.107  − 1.974 0.049  − 0.269  − 0.001

1 Lipreading fluency 0.170 3.289 0.001 0.085 0.337
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mask than HoH people (p = 0.016). Residents in the UK 
had experienced that other people had done fewer extra 
efforts to communicate with them (p = 0.009).

The analysis of the simple slopes of the country of 
residence by onset of deafness interaction in the 3-way 
interaction model showed a trend for UK residents to 
report that other had done less efforts to communi-
cate with them than for Spanish residents, b = −  0.171, 
t(356) =  − 1.949, p = 0.052, 95% CI −  0.403, 0.002] for 
people who became deaf early in life but not for people 
with late-onset deafness (p > 0.4).

Overall, deaf people, and Spanish residents reported 
having observed more attempts by others to engage in 

alternative ways of communication such as writing or 
gesturing.

Perceived efficacy of transparent or clear window masks 
to facilitate communication
Significant effects in the main effects-only model 
revealed that signers (1) perceived clear window masks 
as less useful than non-signers (− 1; p = 0.003), and flu-
ent lipreaders (1) thought that clear windows masks were 
more useful than non-fluent lipreaders (− 1; p = 0.02).

The analysis of the simple slopes of the country of 
residence by knowledge of SL interaction in the 2-way 
interaction model showed that for Spanish residents, 

Fig. 3 Overview of significant effects for the three measures of experienced difficulty communicating with people who wear masks: Level by onset 
of deafness interaction in general as well as professional and informal social situations (a), main effect of lipreading fluency in the general difficulty 
measure (b) and country of residence by level of deafness and Knowledge of SL interactions for the informal social settings (c). Effects that were 
significant in the simple slopes analysis are coded as follows, *** = p < .001, ** = p > .01, * = p < .05, and +  = p < .10
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non-signers perceived transparent masks as more use-
ful than signers, b = − 0.439, t(368) =  − 3.194, p = 0.002, 
95% CI [− 0.997, − 0.237], this was not the case for UK 
residents (p > 0.9). Additionally, signers who lived in the 
UK reported that clear window masks were more useful 
than signers in Spain, b = 0.260, t(368) = 2.711, p = 0.007, 

95% CI [0.098, 0.614].There were no differences for non-
signers (p > 0.05).

The analysis of the simple slopes of the level of deaf-
ness by knowledge of SL interaction in the 2-way inter-
action model showed that deaf people who do not know 
SL perceived transparent masks as more useful than 
signers, b = −  0.388, t(368) =  − 3.887, p < 0.001, 95% CI 

Fig. 4 Overview of significant effects for the three measures of perceived loss of information and wellbeing: amount of information missed (a), 
feeling of disconnection from society (b) and general wellbeing: quality of life (c). Effects that were significant in the simple slopes analysis are 
coded as follows, *** = p < .001, ** = p > .01, * = p < .05, and +  = p < .1
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[− 0.822, − 0.270], this was not the case for HoH people 
(ps > 0.091).

There were no other significant simple effects for the 
significant interaction in the 3-way model (all ps > 0.174).

Overall, non-signers and fluent lipreaders found face 
coverings with a clear window more useful.

Perceived efficacy of transparent face shields to facilitate 
communication
Significant effects in the main effects-only model 
revealed that HoH people (− 1) considered face shields as 
less helpful to facilitate communication than deaf people 
(1; p = 0.049). Fluent lipreaders (1) valued the transparent 
face shields as more positive than less fluent lipreaders 
(− 1; p = 0.001).

Overall, deaf people and fluent lipreaders found trans-
parent face shields more useful.

Fig. 5 Overview of significant effects for the three measures on respondent’s opinion on ways to improve communication: other’s efforts to 
engage in alternative communication such as gesturing or writing (a), efficacy of face masks with a clear window (b), and efficacy of transparent 
face shields (c). Effects that were significant in the simple slopes analysis are coded as follows, *** = p < .001, ** = p > .01, * = p < .05, and +  = p < .1
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Discussion
The present study was designed to explore the commu-
nication difficulties experienced by deaf and HoH people 
due to the use of face coverings in the current COVID-19 
pandemic. Furthermore, we studied which factors pre-
dicted the amount of information they had missed since 
the start of the pandemic as well as their emotional and 
general wellbeing. Finally, we explored deaf and HoH 
people’s views on three different ways in which commu-
nication could be improved: alternative ways of commu-
nicating, use of face masks with a clear window, and use 
of transparent face shields. We included level and onset 
of deafness, knowledge of SL, self-assessed speechread-
ing fluency, and country of residence as predictors in all 
the analyses.

By focusing on accessibility, the present study addresses 
important limitations present in prior research. We 
increased accessibility by releasing the same survey ques-
tions not only in written English and Spanish but also in 
three different sign languages (BSL, LSE, and LSC). This 
was done to achieve a better representation of the deaf 
population, including deaf/HoH people whose first lan-
guage is one of the three studied sign languages. Provid-
ing all participants with the option of seeing the survey 
items in their natural language has the added benefit of 
including signers that have little access to written lan-
guage. This is important given that a majority of deaf 
people find reading a challenging task, with most leaving 
school having achieved a reading age of about  8th grade 
at the most (e.g. Sánchez & García-Rodicio, 2006; Trax-
ler, 2000) or even lower (Domínguez & Alegria, 2010). 
These signers with lower reading skills are likely to be 
substantially underrepresented in surveys that are deliv-
ered only in writing. Indeed, approximately one third of 
our respondents accessed the SL version despite personal 
costs to them such as taking longer to complete, requir-
ing more bandwidth, and possibly needing a larger device 
to watch the videos comfortably. This high number of 
deaf people completing the signed version highlights the 
importance of dedicating more resources (i.e. funds and 
time necessary to create adequate SL clips) so sign lan-
guage is used as a main language in research involving 
deaf people.

Our results show that the deaf people who answered 
this survey, as well as their relatives and friends, engaged 
in health protection behaviours such as mask wearing 
despite communication challenges. This is likely to have 
contributed to the small percentage of participants (5.3% 
across both countries) who had had confirmed or sus-
pected COVID-19 at the time of testing. We found that 
communication with people who wear masks was diffi-
cult for all participants in all situations. Overall respond-
ents felt that they had missed a lot of information in 

their day-to-day interactions with people. They have also 
felt significantly more disconnected from society than 
before. Nonetheless, in general, responses show that 
deaf and HoH people appreciate that others have made 
some efforts to communicate in some other way such as 
gesturing or writing. They also valued positively the use 
of transparent face coverings. In the rest of this section, 
we summarise and discuss the key findings separately in 
each of the three areas of interest: communication dif-
ficulties, loss of information and wellbeing, and ways to 
improve communication.

Difficulties communicating with people who wear face 
masks
When examining the general communication difficulties, 
our findings revealed a key role of speechreading fluency 
predicting level of difficulty, particularly for UK resi-
dents. Overall, fluent speechreaders struggled more than 
non-fluent speechreaders. This result is not surprising, as 
it reflects that deaf and HoH people heavily rely on their 
interlocutor’s lip movements during face-to-face interac-
tions (Atcherson et  al., 2017; Moberly et  al., 2020; Nay-
lor et al., 2020; Saunders et al., 2021; Trecca et al., 2020), 
with those who consider themselves fluent speechreaders 
more likely to rely more on lip patterns than those who 
are not very fluent.

The analysis examining difficulty of communication 
when others use mask in professional settings showed 
a clear effect of country of residence, with UK residents 
struggling more than Spanish residents. As a reminder, 
Spanish respondents had spent significantly more time 
interacting with people wearing masks (independent 
samples t-test: t(390) = 5.94, p < 0.001). Interestingly, for 
informal social communication the decrease in difficulty 
experienced by Spanish residents was specific to HoH 
(vs. deaf ) people and to signers (vs. non-signers).

There are several possible explanations for these 
effects. One possibility is that people in Spain (deaf and 
hearing) were making a greater effort to communicate 
widely because mask-wearing was more ubiquitous, and 
hence it was hindering communication at some level for 
everyone. Likewise, the stricter restrictions around mask 
wearing in Spain (e.g. fewer exceptions were allowed and 
authorities ensuring that someone not wearing a mask 
carried an official exemption certificate) could contrib-
ute to a more general awareness that others might need 
additional support in the communication process. This 
interpretation is supported by the fact that the interlocu-
tors of Spanish residents made more efforts in commu-
nicating using gesturing, writing, or some other creative 
alternatives (see the “ways to improve communication” 
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section in results and below), which could have contrib-
uted to decrease the perception that communication was 
difficult.

A second possibility is that in Spain people generally 
use more alternative ways of visual communication such 
as gesture, not just as an increased level of awareness 
after COVID-19 but as a cultural trait (see Van Deusen 
Phillips, 2008). Southern Europeans (e.g. Italians, Span-
iards, Greeks) are often considered to be immersed in 
gesture rich cultures (for discussion of cross-cultural dif-
ferences in gestures see Kendon, 2004; Kita, 2009). For 
example, Italian children 2  years old and younger used 
more gestures referring to objects, people or locations 
(i.e. representational gestures) than American children. 
The Italian children also used these representational ges-
tures more frequently than the American children (Iver-
son et al., 2008). American children relied more on their 
larger speech vocabulary, pointing, and more conven-
tional gestures (e.g. Hi, Yes, All-gone). These differences 
observed between Italian and American children, could 
be parallel between Spanish and UK people. This inter-
pretation is consistent with the trend in the general diffi-
culty measure for speechreading fluency to be a stronger 
predictor of difficulties for UK than for Spanish residents. 
Within this assumption, a richer and more varied repre-
sentational gesture inventory could be more helpful when 
speechreading is not possible. Indeed, gestures and facial 
expressions have been shown to enhance speech under-
standing at different levels of noise-vocoding (Drijvers & 
Özyürek, 2017).

The fact that Spanish signers experienced less diffi-
culty communicating with people who wear masks in 
informal social settings further supports the idea that 
visual communication that does not rely primarily on 
speechreading has a beneficial effect such that facilitates 
communication.

A third possibility is that other cultural differences 
such as collectivism contribute to these dissimilarities 
between UK and Spanish residents’ perceived difficulty. 
People in collectivistic cultures tend to be part of strong 
cohesive groups, having closer and more supportive net-
works (Triandis et al., 1988). For example, Goodwin and 
Hernandez Plaza (2000) found that Spanish people were 
more collectivistic than people in the UK. Furthermore, 
they found that the collectivism predicted Spanish resi-
dents perceived that they had received global support 
both in general and after an event. It is possible that, 
because Spain is a more collectivistic society than the 
UK, Spanish people expect and report receiving more 
social support to overcome communication difficulties. It 
is also possible that people disadvantaged by communica-
tion barriers in the UK simply expect more social support 
than what they receive. Their higher scores in perceived 

difficulty could reflect their violated expectations, as vio-
lated expectations have been associated with greater dif-
ficulty experienced across different contexts (e.g. Belsky, 
1985; Burgoon, 1993; Gao, 2020; Violanti, 2020). Previous 
research has shown that in countries with a lower Power 
Distance Index (PDI; for comparison see Insights, 2021) 
such as the UK when compared to Spain, people align 
more with the belief that inequalities should be mini-
mised and therefore expect more support to minimise 
them. More research is needed to further understand 
whether these differences are related to having developed 
more general awareness of the need to find alternative 
ways to communicate, or rather, to more general cultural 
factors such as more extensive use of gestures, or differ-
ent expectations of how much support the society as a 
whole should provide.

Regardless of the ultimate cause of the perceived diffi-
culty, our findings indicate that to decrease communica-
tion difficulties when wearing masks, we can encourage 
using sign language when possible and investing effort 
in alternative visual communication when signing is not 
possible (for similar recommendation see e.g. Mheidly 
et  al., 2020; Saunders et  al., 2021; Sanjeev et  al., 2021). 
Sanjeev et  al. (2021) highlighted the advantages (e.g. 
effective communication) of using sign language in emer-
gency departments, intensive care units, and operating 
rooms in hospitals, particularly before performing high-
risk procedures.

Another compelling finding is that deaf people with 
late-onset deafness were the group experiencing more 
difficulties across the board, as indicated by the interac-
tions between onset and degree of deafness. There were 
two key results that supported this statement. First, peo-
ple with late-onset deafness experienced more difficulty 
in general if they were deaf than if they were HoH. This 
could reflect the fact that late-onset HoH people are still 
able to use some auditory information in their inter-
actions which could help effective communication to 
some degree and make the process less difficult. Despite 
the reduction in quality of the speech signal due to the 
masks (Atcherson et  al., 2017; Trecca et  al., 2020), they 
could still use this degraded auditory information and 
hence reduce their perception of difficulty. Late-onset 
deaf people would depend exclusively on speechreading, 
therefore struggling more when masks are used. Second, 
deaf people who became deaf later in life experienced 
more difficulty communicating than deaf people with 
early-onset deafness, particularly in informal social situ-
ations. This increased difficulty for late-onset deaf people 
indicates that they depend on speechreading more than 
early-onset deaf people, who are likely to have developed 
communication strategies involving a wider range of vis-
ual information. For example, late-onset deaf people are 
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less likely to learn sign language and consequently less 
likely to develop a social network around signing (for dis-
cussion about deafhood, how the creation of deaf identity 
leads to the use of SL and the composition of signing com-
munities see e.g. Hauser et al., 2010; Padden et al., 2009). 
Indeed, while 87.5% of our early-onset participants were 
signers, only 36% of the late-onset respondents knew 
a SL. Other factors different from signing status could 
explain to a greater extent why late-onset deaf people 
experience more difficulties. Individuals who became 
deaf later in life could be more affected by the feelings of 
shame and the stigma associated with deafness perceived 
as a disability (Jones, 2002). On the contrary, deaf/HoH 
people who belong to a deaf community (e.g. early-onset 
deaf people immersed in deaf culture), are likely to con-
sider deafness as an integral part of their identity and 
be less influenced by stigma (Bauman & Murray, 2014; 
Fleischer et al., 2016). More research is needed to inves-
tigate whether a stronger deaf identity and/or less stigma 
results in early-onset deaf people identifying more as 
deaf when interacting with people, and perhaps changing 
the communication dynamics. In summary, we propose 
that late-onset deaf people are less likely to benefit from 
a social network of people who sign and form a percep-
tion of deafness as part of naturally occurring diversity 
rather than as a disability that causes shame. Both, the 
lack of social network of signers and the negative per-
ception of deafness, could contribute to more difficult 
communication.

Loss of information and wellbeing
The findings discussed so far identified fluent speechread-
ers and late-onset deaf people as the groups who found 
communication with masks more difficult. Additionally, 
we found that some signers (Spanish) reported commu-
nication with people who wear masks being less difficult. 
However, when we explored the possible detrimental 
consequences of communication using face masks on 
important information missed and wellbeing, the data 
did not completely align with this pattern. In agreement 
with the difficulty measures, late-onset deaf people had 
lower general wellbeing scores. However, all deaf peo-
ple, including both late- and early-onset, reported having 
missed more information due to the use of face masks in 
their interactions with people and feeling more discon-
nected from society. These results indicate that it is the 
degree of deafness, rather than the onset, that bears a 
heavier weight on loss of information while communicat-
ing with face coverings.

Signers reported having missed a substantial amount 
of information in face-to-face interactions where the 
interlocutor wore a mask. Signers also reported lower 
general wellbeing. However, the group of Spanish signers 

felt less disconnected from society. This finding might 
be related to their informal social interactions using SL 
and to an increase in accessible signed material during 
the pandemic. Indeed, deaf organisations and individu-
als increased their production of signed resources. For 
example, the Spanish national confederation of deaf peo-
ple (Confederacion Estatal de personas sordas: CNSE), 
published over one hundred COVID-19 related videos in 
LSE between January 2020 and July 2021. Finally, many 
deaf individuals offered signed resources aimed to keep 
signers both informed and entertained while restric-
tions on face-to-face meetings were in place. Many of 
these individual webpages were extremely popular. For 
example, the webpage https:// encasa. excep ciona les. es/ 
received over 10,000 visits between March and Decem-
ber 2020. The sudden increase in signed resources from 
the deaf communities could have resulted in a reduced 
feeling of disconnection from society. However, this does 
not explain differences between Spanish and UK signers, 
because similar increases in the signed resources avail-
able were observed in the UK. For example, deaf schools 
(e.g. Frank Barnes or Blanche Nevile) developed numer-
ous resources for children. The Royal Association for 
Deaf people (RAD) and organisations such as Sign Health 
or Deaf Station regularly provided updates about the 
news, COVID-19 related information, and so on. More 
research is needed to fully understand the differences 
between the two countries. It is possible that the Spanish 
society, being more collectivistic (Goodwin & Hernandez 
Plaza, 2000) than UK’s society, behaved more pro-socially 
(for further support of this argument see e.g. Feygina & 
Henry, 2015), reducing the feeling of disconnection from 
society.

Ways to improve communication
Regarding the ways in which communication can be 
improved while staying safe through the use of masks, we 
found the following key results:

First, deaf people reported more alternative efforts of 
their interlocutors to communicate, for example writing 
or gesturing, than HoH people. Second, Spanish residents 
also reported that others had made more extra efforts to 
communicate than UK residents. As discussed at length 
above there are two possible explanations for differ-
ences between the two countries. One is that cultural 
differences in the type of gesture and non-verbal com-
munication result on Spanish people being more used to 
frequent use of meaningful gesturing. Another possibil-
ity is cultural differences in collectivism/individualism 
are related to increased prosocial behaviour in the more 
collectivist Spanish society. Further research is needed to 
identify the specific contribution of these factors.

https://encasa.excepcionales.es/
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Third, fluent speechreaders found useful both masks 
with a transparent (clear) window and completely trans-
parent face-shields. This result is congruent with the 
wealth of research showing that people (both deaf and 
hearing) pay close attention to the mouth when trying to 
understand speech, particularly when auditory percep-
tion becomes difficult (e.g. perception in noise, vocoded 
speech, or when listening to an unfamiliar language, see 
e.g. Banks et  al., 2021; Blackburn et  al., 2019; Lusk & 
Mitchel, 2016; Worster et al., 2018).

Fourth, deaf people, including signers and non-signers, 
found transparent face shields useful. It is possible that 
HoH people do not find transparent face shields as use-
ful because of the sound attenuation, which is greater 
for clear masks and transparent face shields than for 
surgical masks.2 The harder materials of the face shields 
could hinder their residual hearing more than the clear 
face masks. However, further research specifically aimed 
to test this hypothesis is needed before drawing conclu-
sions. Interestingly, it was non-signers who found clear 
window face masks more useful than signers, suggesting 
that for non-signers just seeing the lips is useful while 
signers might appreciate more seeing the whole facial 
expression. However, it is well-know that there are issues 
regarding cost, manufacturing, and safety of completely 
transparent face coverings. We propose that when they 
are used to facilitate communication with signers, other 
factors such as ventilation and increased social distanc-
ing are put in place to ensure safety.

The limitations of this study include the longer length 
of the survey due to the exploratory nature of this study. 
A shorter survey could have attracted higher partici-
pation. The process of translation to multiple SL, video 
editing, and familiarisation with releasing surveys using 
video content delayed the release of the survey or per-
haps early experiences were not completely captured in 
this work. It is worth to note that the increased acces-
sibility due to the release in several sign languages, as 
well as the recruitment through the deaf communities’ 
channels, meant that the proportion of signers who par-
ticipated in this study might not be representative of the 
proportion of signers in the general population. This 
is not a limitation per se, as we aimed to over-recruit 
from this population. Finally, the fact that the survey 
was online made it accessible internationally and easy to 
participate at any time convenient. However, due to this 
online nature, some older people as well as deaf people 
with lower technological literacy are likely to be unrep-
resented. Further research would need to be conducted 

on those groups, perhaps with an interviewer that can 
facilitate the interaction with the survey. Similarly, it is 
possible that some deaf COVID-19 patients did not take 
part in this study due to their poor health. It is also pos-
sible that deaf people who contracted COVID-19 and did 
not participate in the present study were not strong mask 
users. In light of the present results, further research is 
needed to completely disentangle the effects of mask use 
frequency from other factors, including the amount of 
time they spent communicating in SL in comparison with 
spoken language, SL proficiency, as well as the other pos-
sible factors discussed above.

Conclusions
The complex pattern of results found here highlights the 
importance of acknowledging the diversity of deaf/HoH 
people when studying the impact of community-wide 
use of face masks. Rather than finding a solution that fits 
all deaf/HoH people, solutions and interventions should 
be tailored to different experiences due to onset and 
level of deafness, signing status, and the specific person’s 
speechreading fluency. We also found that the effects of 
mask-wearing frequency might be modulated by cultural 
factors such as generalised use of gesturing, pro-social 
behaviour (e.g. generalised willingness to use gestures 
or other non-verbal communication), or people’s per-
ception of how much power they hold in society. Finally, 
our findings revealed that clear masks are more useful 
than standard masks for everyone. However, seeing the 
lip patterns is not all that there is. On the one hand, see-
ing the whole face and expression is important for some 
deaf/HoH people. On the other hand, communication 
partners using sign language, gestures, and other ways 
of non-verbal communication can help many deaf/HoH 
people.
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