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ABSTRACT:
The effect of face covering masks on listeners’ recall of spoken sentences was investigated. Thirty-two German

native listeners watched video recordings of a native speaker producing German sentences with and without a face

mask, and then completed a cued-recall task. Listeners recalled significantly fewer words when the sentences had

been spoken with a face mask. This might suggest that face masks increase processing demands, which in turn leaves

fewer resources for encoding speech in memory. The result is also informative for policy-makers during the

COVID-19 pandemic, regarding the impact of face masks on oral communication.
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I. INTRODUCTION

Understanding spoken language requires the translation

from speech signal to meaning: phonetic, lexical, and syn-

tactic information must be extracted, and linguistic meaning

in sentences must be composed. As adult listeners, we typi-

cally carry out these complex mental tasks with astonishing

ease and speed. However, processing becomes cognitively

more demanding when the speech signal is acoustically

degraded or ambiguous (e.g., Refs. 1, 2). Increased listening

effort in adverse conditions has also been shown to affect

higher-level cognitive processing downstream, such as

memory encoding. That is, listeners are worse at recogniz-

ing which words they have heard before and at recalling

exact lexical items when the speech input is degraded, for

example, in casual or accented speech or in noisy environ-

ments (e.g., Refs. 3–5).

In this study, we examined the effect of wearing a face

mask on subsequent recall of spoken sentences. A speaker’s

lip and jaw movements contain linguistic information. For

example, lip closure correlates with a bilabial place of artic-

ulation for the stop consonants /p/ and /b/, and the openness

of the jaw is correlated with the height of vowels (more

open jaw for the vowel /a/ and less open jaw for /i/). This

visual information is complementary to the auditory signal,

and information from both domains is automatically inte-

grated during speech perception (e.g., Ref. 6). Concealing

visual speech information with a mask could therefore result

in a decrease in encoding performance. At the same time,

mask material could degrade the acoustic signal by dampen-

ing it and acting as a low-pass filter. While some studies

indeed found effects of various types of mouth and face cov-

erings on speech acoustics (e.g., Refs. 7, 8), others found the

effects to be negligible (e.g., Ref. 9). We tested the effect of

face masks on memory for spoken language using a cross-

modal cued-recall task (see Ref. 5). German native listeners

watched video recordings of a native speaker producing sen-

tences (e.g., Die K€ochin hilft montags armen Kindern, “the

cook helps on Mondays poor children”) with and without a

face mask. After a block of sentences, participants were

cued in orthographic form with the sentence beginnings

(e.g., Die K€ochin hilft montags, “the cook helps on

Mondays”) and had to fill in the missing final two words

(e.g., armen Kindern, “poor children”). Similar to other

forms of signal degradation, we expected recall rates to be

lower for sentences produced with a face mask.

Face masks in public places have been mandatory in

many countries during the COVID-19 global pandemic and

have become part of our daily lives. There is currently a

need to better understand the possible impact of wearing a

mask, not only on physical and psychological comfort, but

also on verbal communication. Testing the retention of spo-

ken information is one aspect of this.

II. METHODS

A. Participants

Thirty-two native German listeners between the ages of

20 and 37 years participated in the study (mean: 23.8; 28

females). All participants indicated normal hearing and

vision. They were recruited via social media and university

email, and electronically signed written informed consent

and filled out a brief language background questionnaire.

For monetary compensation, participants were given the

opportunity to participate in a lottery.

B. Stimuli

The stimuli consisted of 48 German sentences, mod-

elled after the Oldenburger Satztest.10 All sentences began
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with a determiner and a noun, followed by a verb, an adverb,

an adjective, and a noun. The sentences were not highly pre-

dictable in order to reduce the facilitatory influence of con-

text, and to ensure a more thorough processing of the

input.11 All words were of high lexical frequency, and each

content word occurred only once in the stimuli.

A 22-year-old female native speaker of German was

video recorded producing all sentences with and without a

face mask (see Fig. 1). Recordings were made in a sound-

attenuated room with a high-quality, stationary RØDE

microphone at a sampling rate of 44 kHz and a Sony DSC-

Hx90 camera recorder with video resolution parameters set

to Full HD 1920� 1080, which was positioned to capture

the speaker’s head and shoulders. The face mask was made

of two layers of fabric: The inner layer consisted of a thin

fleece layer, and the outer layer was cotton. The speaker was

instructed to produce all sentences at a normal speaking rate

without hesitations or pauses and to not speak more clearly

or loudly when wearing the mask. Unmodified, natural sen-

tence recordings without a mask were on average 3172 ms

long and with a mask 3253 ms (t¼�1.39).12 Spectral analy-

sis (RMS power) revealed no difference between sentences

with (56.6 db) and without a face mask (56.7 db)

(t¼�0.28).

C. Procedure

The experiment was implemented with the online soft-

ware SurveyGizmoLLC (surveygizmo.com, 2020). Participants

were asked to wear headphones and participated online. The

experiment started with two practice sentences and continued

with the 48 experimental sentences, divided into eight blocks

of six sentences. Sentence order was randomized once, and

half of the participants watched the videos in the reverse order.

The presence of a face mask was blocked, and blocks alter-

nated between the mask and no-mask condition. The order of

mask condition was counterbalanced, and sentences were pre-

sented with an ISI of 2500 ms. The self-paced cued-recall task

followed each block. For this task, sentences were presented

up to the adverb orthographically on the screen (e.g., Die
K€ochin hilft montags, “the cook helps on Mondays”), and

participants were asked to type in the missing two final words

(e.g., armen Kindern, “poor children”) on their keyboard. For

each participant, there was a total of 96 keywords (2 keywords

in each of the 48 sentences) to be recalled. All sentence begin-

nings of a block were available at once, in the order of block

presentation, and participants could choose in which order

they typed their responses.

D. Results

Each recalled keyword was scored by the first author

and a research assistant as either correct (1) or incorrect (2)

(see Fig. 2). Approximately 70% of all responses that were

categorized as incorrect, had been omissions. In the remain-

ing 30% of incorrected responses, a variety of error types

was observed: the majority were responses that were unre-

lated in form and meaning to the keywords (e.g., “schwarze

Schuhe,” black shoes, for “staubige Kissen,” dusty pillows);

a much smaller number of responses were closely semanti-

cally related (e.g., “Ringe,” rings, for “Kreise,” circles);

only few responses were phonetic errors involving a single

sound change, i.e., a substitution, insertion, or deletion (e.g.,

“Schweine,” pigs, for “Steine,” stones) or typos (e.g., the

nonword “Lmpen” for “Lampen,” lamps). To assess the

effect of face masks on listeners’ keyword recall, a logistic

mixed-effects regression model13 was implemented using

the lme4 package14 in R (version 4.0.2).15 Accuracy was

modeled as binary categorical (success vs failure). Face

mask (mask vs no mask) and block (8 blocks) were entered

FIG. 1. Representative screen shots for video recordings with and without a face mask. Videos were presented in color in the experiment.

FIG. 2. Average percentage of keywords recalled correctly for sentence

recordings with and without a face mask. The vertical bars represent stan-

dard errors.

J. Acoust. Soc. Am. 149 (1), January 2021 Truong et al. 143

https://doi.org/10.1121/10.0002951

https://doi.org/10.1121/10.0002951


as fixed effects. To test linear and quadratic effects of block,

orthogonal polynomials was used.16 Items and participants

were included as random crossed effects,17 with random

intercepts and random slopes for both. The analysis showed

a difference in keyword recall when the speaker was not

wearing a mask compared to when she was wearing a mask

(b ¼ �0.29, SE¼ 0.12, p¼ 0.017). There was no significant

interaction.

III. CONCLUSION

In a cued-recall experiment, native adult listeners

recalled fewer words when the speaker had been wearing a

face mask than when she had not been wearing one. This

result suggests that processing speech produced with a face

mask leaves fewer cognitive resources available for storing

spoken information in memory. Face masks both conceal

visual speech information and can degrade the acoustic sig-

nal (e.g., Refs. 7, 8). While the present study was not set out

to tease apart the reasons for why face masks decrease

encoding performance, we have some indications that nei-

ther the acoustic signal nor speech perception were affected

much by the mask. A lack of a difference in RMS values

between the mask and no-mask condition indicates that, at

least spectrally, the two conditions did not differ. In a small

post hoc experiment, we also asked an additional 12 partici-

pants to write down the keywords after individual sentences,

rather than after blocks of sentences, rendering the task into

an assessment of intelligibility. Performance was overall

highly correct and did not differ between the mask (98.95%

correct) and no mask condition (99.3% correct). Thus at

least for a clear speech style, recorded in a quiet environ-

ment, and a cotton mask, the missing visual cues rather than

decreased intelligibility seem to have been the main factor

causing a decrease in encoding performance. Future experi-

ments investigating the intelligibility of speech with masks

in noise can, however, help to clarify this point.

In order to get a fuller understanding of the impact of

face masks on memory for spoken language, different par-

ticipant groups and speakers must be tested next. For exam-

ple, non-native listeners and children can be expected to

have more difficulties in perceiving spoken language than

native adults have due to their incomplete mastery of the tar-

get language. For these listener groups, removing visual

cues with a mask might have an even stronger impeding

effect on memory (e.g., Ref. 18). Also, speakers with vary-

ing language experience (e.g., non-natives and children) can

deviate noticeably in their pronunciation from the target

norms of a language. In such cases, native adult listeners

typically rely even more on visual speech cues (e.g.,

Ref. 19), and concealing these cues with a face mask can be

expected to intensify the negative effect on the encoding of

spoken information.

For native adult listeners and native speech, the present

results already indicate that face masks can impede memory

for what has been said. This finding should have

implications for communication in various situations, for

example, in classrooms and doctor’s offices where remem-

bering spoken information is crucial.
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