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Abstract: In the current Sars-CoV-2 pandemic, wearing a face mask was mandatory and is still de-
sired during school lessons. There are no controlled studies in children to date indicating an effect
on cognitive performance wearing face masks. In a randomized controlled trial, we analysed the
influence of face masks on cognitive performance of pupils during regular school lessons. Pupils
(n=133, 5t to 7" grade) were randomized by alternating allocation into control (with masks, n=65)
and intervention groups (without mask, n=68). After two school lessons with (control) and without
(intervention) face masks in class all pupils performed digital tests for cognitive performance re-
garding attention and executive functions (Switch, CORSI block tapping, 2-back and flanker task).
Overall, there were no significant differences in cognitive performance between both groups, masks
vs. no masks. Wearing face masks has no significant influence on attention and executive functions
of pupils and can still be recommended during school lessons.
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1. Introduction

In the current Sars-CoV-2 pandemig, it is highly recommended to wear face masks to
significantly reduce the spread of the virus [1]. In many areas, wearing a face mask is
mandatory, for school-age children especially during school lessons. So far, there are no
studies that could prove a clinically relevant influence of masks in daily-life, not even in
young children [2]. Goh et al. examined End-Tidal pCO:, and oxygen saturation in 106
children aged 7-14 at rest and on exertion finding no relevant hypoxemia or hypercapnia
[3]. The same was demonstrated in three other studies showing that during physical ex-
ertion, all masks are safe and have only minimal impact on performance and physiologi-
cal variables [4-6]. However, during high-intensity exercise, wearing a face mask can
have a relevant influence [7]. Children wearing FFP2/ K95 masks were more stressed
which was shown, for example, by a higher breathing rate or higher End-Tidal CO..
However, other relevant parameters were not significantly affected (oxygen saturation
or pulse rate) and the effect could probably be reduced by wearing a surgical mask [8].

There are no controlled studies in children to date indicating an effect on cognitive per-
formance wearing face masks. This could be a relevant problem especially in schoolchil-
dren who have to wear the mask for hours during lessons.

Therefore, we compared in a randomized controlled study the cognitive performance of
school children wearing a face mask or no face mask up to two hours during regular
school lessons.
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2. Materials and Methods
2.1. Study design

We conducted a randomized controlled intervention trial. In June 2021, participants
were recruited in 5%, 6 and 7t grade (13 school classes) at a comprehensive school in
Gelsenkirchen, Germany, where prior trials with cognitive testing have successfully
taken place with different classes [9-11]. The school has a focus on sports in some classes
for which children can apply for by passing a fitness test (Motor Test of North Rhine-
Westphalia in Germany) [12]. Children with above-average scores in sporting perfor-
mance are assigned to sport-focused classes (SC) with 5 hours of physical education a
week in the 5" grade and 6 hours physical education in the 6t grade. Schoolchildren at-
tending non-sport focused classes (N-SC) have 3 hours of physical education per week.
All rooms used for the study had good ventilation facilities and were equipped with an
air purifier.

The study was approved by the Ethics Committee of the Medical Faculty of the Ruhr-
University Bochum (Registration number 21-7218).

2.2 Participants and randomization

All pupils of the 5t and 6™ grade (11 classes) and pupils of 2 classes of the 7t grade were
asked to participate in the trial. Participants and their parents/guardians were informed
by written information material and asked to sign the informed consent form if they
wanted to take part. Exclusion criteria were missing signed consent form, positive Sars-
CoV-2 testing, severe respiratory or neurological disease and learning disorder. Further-
more, participants with incomplete cognition testing were excluded. Participants in each
school class were randomised by alternating allocation to the intervention or control
group. On the day of the study, all participants of the intervention group were tested for
Sars-CoV-2 by rapid antigen test. At the end of the day, everyone received a small toy as
a gift.

2.3 Study Schedule

In the first two lessons both groups (intervention and control group) attended classes
together wearing a face mask (FFP2/ K95 or surgical mask). Before the third lesson the
two groups were separated in different rooms and the intervention group took part in
the next two lessons without a face mask. Teaching in the two groups was comparable.
After these two lessons, cognitive assessment was done with (control group) and with-
out wearing a face mask (intervention group).

2.4 Cognitive assessment

Cognitive performance was assessed in groups (intervention group =5 to 11 children per
group, control group 6 to 13 children per group) on individual computers using four
computerized tasks that tested attention and executive functions developed by the ALA
Institute in Bochum, Germany. Before the actual testing began, a pre-test was performed
which included the explanation of all tasks and a test trial for each task (duration ap-
prox. 1 minute per task). Participants were asked to perform all tasks as quickly and ac-
curately as possible. The tasks were applied in the following order:
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Figure 1. Computerized cognitive task. (A) Switch task: Visual attention and task switching. The task
comprised of three sections. 1. First section, numbers (non-switch) had to be click in ascending order. 2.
Second section, letters (non-switch) from A to Z had to be clicked alphabetically. 3. Third section, number
and letters (switch) had to be clicked alternately in ascending order (i.e., 1-A-2-B-3-C...). (B) Corsi-block
tapping task: Visual-spatial attention. A sequence of blocks lit up and gradually increased in length up to six
blocks. Sequences had to be repeated. (C) 2-back task: Working memory updating. Fruits and vegetables
were displayed on a computer screen. A predefined key had to be pressed when the current image was the
same as the image two trials back. (D) Flanker task: Inhibitory control. Congruent flankers: click right key;
incongruent flankers: click left key; no-go (circle): no reaction.

2.4.1  Switch task

Selective attention, search and task switching were measured using an alternative ver-
sion of the Trail Making Task consisting of three parts [9-11] (Fig. 1). In the first section,
black numbers from 1 to 26 in white squares were presented on a computer screen (Fig.
1A-1). Numbers had to be clicked in ascending order. If the numbers were clicked cor-
rectly, the squares turned green, otherwise red. Subsequently, correctly processed
squares turned grey. The maximum time for processing was 3 min. The second section
worked on the same principle, except that instead of numbers, letters from A to Z had to
be put in the right order (Fig. 1A-2). In the third section the 26 squares contained num-
bers from 1 to 13 and letters from A to M (Fig. 1A-3). Participants had to alternately click
numbers and letters in ascending order (i.e. 1-A-2-B-3-C). Outcome parameters were
reaction time (RT) for processing numbers (items 2-26), RT for processing letters (items
2-13), and switch costs (Switch costs = Switch RT [item2-26] — Numbers RT [item 2-26] —
(Letters RT [item 2-13] - Numbers RT [item 2-13]). Negative switch costs indicating inad-
equate responses (at least one of the trials was not completed on time) were regarded as
implausible and excluded from the analysis.

2.4.2 CORSI block tapping task (CORSI)

CORSI assesses the capacity of the visuospatial subsystem within the working memory
[10,11]. On the computer screen a matrix of nine blue squares (3x3) was presented,
which turned yellow in varying order and sequence length (three to six blocks; Figure
1B). Presented sequences had to be repeated by the participants. After every three se-
quences, the number of blocks increased by one. Each block highlighted in yellow for
500 ms with a 1000 ms interval between the blocks. After each sequence, the participants
received feedback: a green arrow for correct answers, a red cross for incorrect answers.
Main outcome parameters were the immediate block span (longest sequence correctly
reproduced), and the number of correctly reproduced sequences. Additionally, the
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number of correctly reproduced sequences were rated with a score. Depending on the
sequence length, correctly reproduced sequences were weighed differently and multi-
plied with a factor ranging from 1 to 4: 3-block sequences x 1; 4-block sequence x 2; 5-
block sequences x 3; 6-block sequence x 4. A maximum score of 30 could be achieved.

2.4.3 2-back task

To assess working memory, the n-back task was used in a 2-back condition as described
before [9-11]. Briefly, 106 consecutive pictures of fruits and vegetables were presented in
the middle of the screen (Fig. 1C). When the current picture matched the picture pre-
sented two trials earlier (n-2), participants had to press a predefined computer key. The
stimuli were presented for 500 ms (interstimulus interval: 2100 ms, maximal RT: 1400
ms). A green checkmark appeared on the screen for correct responses, and a red cross
for incorrect responses. Twenty-one pictures were targets (same picture as 2 trials be-
fore). Main outcome parameters were: mean RT, ratio of missing (no reaction while reac-
tion was required), and ratio of false alarms (reaction while no reaction was required).

2.4.4  Flanker task

Flanker task measures the inhibitory control, i.e. the ability to suppress responses to a
stimulus [10,11]. Three superposed triangles were presented on the computer screen.
The upper and lower triangles were pointing in the same direction independently from
the target in between. Each trial was categorized as compatible, incompatible or no-go
(Fig. 1D). In compeatible trials, flankers and the target were pointing in the same direc-
tion, in incompatible trials in opposite directions. In no-go trials, the target was replaced
by a circle. The participants were instructed to press a left or a right key according to the
target direction or not to react when the circle appeared. To induce flanker-target con-
flicts, flankers were presented individually for 100 ms and remained together with the
target for another 100 ms. Maximal RT was 1100 ms, the response stimulus interval was
1000 ms (varying + 20%). If participants did not react within 600 ms, “faster” was dis-
played on the computer screen after the maximal RT had elapsed. In total, the task con-
sisted of 102 items (32 no-go, 35 compatible, 35 incompatible). Outcome parameters
were: difference between mean RT of compatible and incompatible trials (RT slowing),
difference between the ratio of compatible and incompatible trials (difference error rate),
and count of false alarms. To exclude implausible data negative RT slowing and nega-
tive difference error rates were excluded.

2.5 Statistical analyses

All analyses were performed using the statistical software package IBM® SPSS® Statis-
tics for Windows, version 25.0 (IBM Corp., Armonk, N.Y., USA). Interval-scaled parame-
ters of the cognitive tasks were used as outcome variables (switch task: switch costs, vis-
ual search letters, visual search numbers; 2-back task: RT, ratio of missing, ratio of false
alarms; CORSI: immediate block span, number of correct sequences, score; Flanker task:
RT slowing, difference error rate, count of false alarms). A power analysis with 80%
power and o = 0.05 revealed that a sample size of 54 participants (dropout rate = 10%)
was required to detect differences in cognitive performance between both groups. De-
scriptive data were analysed with the Chi-squared test. Normally distributed data were
analysed with Student’s t-test, non-normally distributed data were analysed with Mann-
Whitney test. To overcome type I error due to multiple testing (number of outcome pa-
rameters n=12), p-values were adjusted with Bonferroni correction. P-values < 0.05 were

2
considered statistically significant and effect size was calculated (t-test: 7 = V- tzi—df;

Mann-Whitney test: r = Z/y/n). Data are presented as mean + standard deviation (SD)
or median (25th-75th interquartile range).
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3. Results

3.1 Participants
142 students (their parents/ guardians) agreed to participate in the study and completed
the PC-based cognition test. Eight of them had to be excluded from analyses due to a pre-
known learning disorder and for one participant cognition tests were incomplete, so that
we were able to include a total of 133 students (see flow-chart Figure 2). All Sars-CoV-2
tests of the students without face masks were negative and no case of COVID-19 occurred
in the classes during and after the study. Participant’s characteristics are shown in table 1.

Grade 5, 6 and 7 students
were asked to participate
(n=375)

Lack of feedback of study participation
(n=204)

Feedback on study
participation
(n=171)

/—b{ Declined to participate (n=8) |
)h{ Absence on day of measurement (n=21}) |

Randomized in two groups

1 (n=142) 1
Intervention group Control group
Attend lessons without Attend lessons with face
face masks masks
(n=869) (n=73)

- Exclusion due to a pre- n=4
known learning disability

Exclusion due to a technical

(n = 65) (n = 68)
Figure 2. Flow chart — Study design and population. (n number)
- Mask + Mask p

Total, n (%) 68 65
Girls, n (%) 42 (61.8) 30 (46.2) 0.07
Grade 5, n (%) 23 (33.8) 37 (56.9) 0.07
Grade 6, n (%) 28 (41.2) 15 (23.1) 0.05
Grade 7, n (%) 17 (25.0) 13 (20.0) 0.53
Children from Sport-focused class
n (%) 33 (48.5) 34 (52.3) 0.66

Table 1. Demographic data: Size of groups by grade level, sex and sport-focused class.

n number, p group-specific level of significance, significant p < 0.05
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3.2 Cognition

There were a few children who did not complete one of these tests (1 participant of the +
Mask-group was missing for corsi block tapping task, nine children (- Mask: 6; + Mask:
3) for task switching analysis because of negative switch costs and 24 for flanker task (-
Mask: 8; + Mask: 16) because of negative RT slowing and difference error rate). The
range (min-max) of the cognition parameters tested is shown in Table S1 in the supple-
ment section and were comparable between the -Mask and +Mask group.

3.3 Wearing masks & cognition

Statistical analysis revealed no differences in cognitive performance between both
groups, masks vs. no masks, regarding switch costs, visual search letters, and visual
search numbers of the switch task (table 2). Similarly, the processing time for the 2-back
tasks was not significantly different, and the error rate was comparable between the two
groups as well. The ratio of missings tended to be higher in the mask-wearing group
with 3.81% (2.62-5.24) compared to 3.10% (2.02-4.29) in the group not wearing any masks
(r=0.19; p=0.03). However, these differences were not statistically significant after Bon-
ferroni correction (p = 0.36). In contrast, cognitive performance in terms of visuospatial
memory analysed with the corsi block tapping task was almost identical. Both groups
were able to correctly repeat a sequence length of 5 blocks on average with a total of 7
correct sequences. Accordingly, a comparable score was achieved in both groups. Inhibi-
tory control revealed no differences with regard to RT slowing and the difference error
rate between participants wearing a mask and those not wearing a mask. Count of false
alarms tended to be higher in the + Mask-group (7.00 (3.50-18.0)) compared to the -
Mask-group (3.00 (1.00-8.75)) (r = 0.15; p = 0.006). However, these differences were sig-
nificant only when type I error was neglected (p = 0.07).
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- Mask + Mask P p*

Switch Task n=62 n=62

Switch costs (s) 27.2+18.1 28.6 +18.2 0.68 1.00
Visual search letters (s)* 34.8 (30.0-42.3) 36.7 (31.6-43.5) 0.25 1.00
Visual search numbers (s) 50.1 (43.6-58.9) 49.5 (43.7-58.4) 0.68 1.00
2-back task n =68 n =65

RT (ms) 512 +108 534 + 88.7 0.18 1.00
Ratio of missings (%) 31.0 (20.2-42.9) 38.1 (26.2-52.4) 0.03 0.36
Ratio of false alarms (%) 8.24 (4.71-12.9) 9.41 (5.88-21.2) 0.29 1.00
Corsi block tapping task n=68 n =64

Immediate block span (n) 5.00 (5.00-6.00) 5.00 (5.00-6.00) 0.87 1.00
Correct sequences (n) 7.00 (5.00-8.00) 7.00 (5.00-8.00) 0.73 1.00
Score 12.0 (9.00-17.0) 12.5(9.00-17.8) 0.84 1.00
Flanker task n =60 n=49

RT slowing (ms) 752 +33.9 74.6 £43.8 0.93 1.00
Difference error rate (%) 19.4 (10.1-50.1) 35.5(14.2-73.4) 0.12 1.00
Count of false alarms (n) 3.00 (1.00-8.75) 7.00 (3.50-18.0) 0.006 0.07

Table 2. Cognitive performance of children without (- Mask) and with a mask (+ Mask).

Normally distributed data are presented as mean + standard deviation, non-normally distributed are dis-
played as median (25%-75" percentile), * first twelve reactions, n number, ms milliseconds, RT reaction time,
s second, *Bonferroni-corrected

Ranges (min-max) of cognitive performance of children without (- Mask) and with a mask (+ Mask) as well
as reference values of the tests are shown in the supplement.

3.4 Wearing masks & cognition: non-sport focused classes (N-SC) vs. sport fo-
cused classes (SC)

With regard to the switch task, children attending SC were faster compared to children
from N-SC; however, we found no differences in RT of switch costs, visual search letters
and visual search numbers between the - Mask group and + Mask group, neither in N-SC
nor SC (table S2). The processing time of the 2-back task was comparable between both
groups in children from N-SC, while children from SC without masks took 490 + 125 s
compared to 538 + 81.1 s with masks. However, these differences were not statistically
significant. Visuospatial memory was not affected by mask wearing, in neither N-SC nor
SC. Inhibitory control of N-SC and SC revealed no differences in RT slowing and differ-
ence error rate between participants wearing a mask and those not wearing a mask. In
children attending N-SC, count of false alarms tended to be higher in the + Mask-group
(6.50 (3.00-15.5)) compared to the - Mask-group (2.50 (1.00-5.25)) (r = 0.2; p = 0.005). How-
ever, these differences were not statistically significant after Bonferroni correction (p =
0.06).
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3.5 Wearing masks & cognition: age-specific differences

When looking at the cognitive performance of pupils in the 5%, 6%, and 7" grade individu-
ally, no differences could be detected (table 3). Concerning the 2- back task, participants
attending the 5t grade tended to have an increased RT when wearing a face mask, while
7% graders had gradually more missings (3.70% * 1.88) compared to those not wearing a
mask (2.58% +1.25). On the contrary, count of false alarms in the flanker task tended to be
increased after wearing a mask (r = 0.18, p = 0.04). But again, this was only the case when
type I error was neglected (p = 0.48).

5t grade 6t grade 7t grade
- Mask + Mask p p* - Mask + Mask p p* - Mask + Mask p p*

Switch Task n=20 n=35 n=26 n=14 n=16 n=13
Switch costs (s) 30'15(;13'8_ 23'20(;[5'0- 038 | >0.99 | 229%125 27.3+15.7 0.33 | >0.99 24.3+16.5 25.0+ 19.2 0.92 | >0.99
Visual search letters 36.0 (30.5- 38.5(31.6- 36.5 (31.4- 34.2 (31.4- 36.5 (30.1-
s) 43.4) 16.3) 0.50 | >0.99 44.0) 43.0) 0.75 | >0.99 | 31.1(27.5-38.8) 41.1) 0.22 | >0.99
Visual search

54.1+15.7 54.7 £14.7 090 | >0.99 | 53.6%12.2 48.1+8.92 0.15 | >0.99 48.77.75 48.7+13.1 >0.99 | >0.99
numbers (s)
2-back task n=23 n=37 n=28 n=15 n=17 n=13
RT (ms) 510+84.2 554 +88.6 0.06 | 0.72 500 + 135 511+85.3 0.76 | >0.99 550 (457-593) 540 (430-562) 0.34 | >0.99
Ratio of missings 3.33 (2.38- 3.81(1.43-

+ + + +
(%) 3.62+2.09 4.35+2.08 0.19 | >0.99 4.29) 4.76) 0.65 | >0.99 2.58+1.25 3.70+1.88 0.06 0.72
Ratio of false alarms 10.6 (4.71- 9.41 (5.88- 7.65 (5.88- 9.41 (1.18- 10.6 (5.29-
(%) 22.6) 21.2) 093 | >0.99 11.5) 20.0) 0.90 | >0.99 | 9.41(4.71-12.4) 27.7) 0.30 | >0.99
Corsi block tapping n=23 n=37 n=28 n=14 n=17 n=13
task
Correct immediate 5.00 (4.00- 5.00 (4.00- 5.00 (5.00- 5.50 (5.00-
block span (n) 6.00) 6.00) 0.45 | >0.99 6.00) 6.00) 0.74 | >0.99 | 6.00(5.00-6.00) | 5.00-5.00-6.00) | 0.87 | >0.99
Correct sequences 7.00 (6.00- 7.50 (6.00- 8.00 (6.50-
+ + -

n) 5.70 £ 2.08 6.05 £ 2.09 0.52 | >0.99 8.00) 9.00) 0.89 | >0.99 | 8.00(5.50-9.00) 9.00) 0.77 | >0.99
Score 9'0;)3(%')00' 11'&(2')00' 037 | >099| 146554 | 144512 | 0.52 |>0.99 15.5+5.94 16.6 £ 5.70 0.60 |>0.99
Flanker task n=20 n=27 n=24 n=12 n=16 n=10
RT slowing (ms) 58.2+28.1 71.3+48.2 0.25 | >0.99 | 91.4+384 71.4+35.2 0.14 | >0.99 72.221.1 87.142.2 0.32 | >0.99
Difference error 34.6 (14.2- 35.5(15.6- 22.9(10.3- 45.8 (13.9- 21.0 (5.74-
rate (%) 71.6) 89.2) 0.61 | >0.99 58.4) 75.6) 0.28 | >0.99 | 13.3(6.64-36.7) 81.6) 0.59 | >0.99
Count of false 5.50 (2.25- 11.0 (3.00- 3.50 (1.00- 7.50 (4.25- 4.50 (1.75-
alarms (n) 18.0) 19.0) 0.28 | >0.99 11.3) 16.8) 0.04 | 0.48 2.00 (1.00-5.75) 7.25) 0.22 | >0.99

Table 3. Cognitive performance of children without (-Mask) and with a mask (+ Mask) — Allocation by grade
level. Normally distributed data are presented as mean + standard deviation, non-normally distributed are
displayed as median (25"-75" percentile), * first twelve reactions,

n number, ms milliseconds, RT reaction time, s second, *Bonferroni-corrected, significant p < 0.05

4. Discussion

Face masks are effective in reducing transmission of SARS-CoV-2 and other aerogenic
pathogens [13]. Especially indoors, they offer better protection against transmission
compared to not wearing masks [14]. Since the reopening of schools during the pan-
demic, pupils in Germany were obliged to wear face masks in class until a few weeks
ago and children and adolescents, as well as adults, have become well accustomed to
wearing face masks in class and at work. In adults, adverse effects of wearing face masks
such as hypoxemia, hypercapnia, dyspnoea, and neurological symptoms including
headache, drowsiness and dizziness have been described [15]. In a large survey of ap-
prox. 25.000 children wearing a face mask for an average of 270 minutes, 68% were im-
paired, reported by their parents. Complaints included irritability (60%), headache
(53%), difficulty concentrating (50%), less happiness (49%), reluctance to go to
school/kindergarten (44%), malaise (42%), impaired learning (38%), and drowsiness or
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fatigue (37%) [16]. But these data were obtained by interviewing parents and doctors
alone, without a control group. There is no indication that wearing a face mask impairs
any physiological variables like oxygen saturation or End-Tidal CO: in children and ad-
olescents, even during physical activity [2,3], although this was initially stated by a by
now retracted paper by Walach et al [17].

Concerns remain that wearing face masks reduces the ability to concentrate on tasks
during school lessons. This is the first study evaluating the effect of wearing a face mask
on cognition and the ability to concentrate in a real-life setting.

We used a computer-based test tool which has proven in previous studies to be very
sensitive regarding mild cognitive impairment e.g., by changes in water supply [10].
The effects on concentration and cognition were evaluated in children aged approx. 11-
14 years from 5t to 7t grade who were randomized to wearing or not wearing a face
mask in class. Comparing the two groups, the ranges of the measured parameters were
comparable in both groups, and we could not find any significant differences in the vari-
ous cognition tests. Wearing a face mask had no effect on the students' cognitive perfor-
mance in our study. Relevant influences of age or physical activity of the students were
not detectable. Admittedly, however, we observed tendencies regarding a slightly worse
cognitive performance in the group of mask wearers. This tendency to differ in perfor-
mance can possibly be explained by the unequal distribution of the groups. The propor-
tion of 5% graders was slightly higher in the + Mask group compared to the - Mask
group. Although there is only an approx. one-year age difference between 5* and 6t
graders, their cognitive performance differs significantly as we have shown before [11].
On the other hand, cognition seems to be age-dependent in all cognitive domains and
not only in a single parameter like the ratio of missings in the 2-back task as it appeared
in this study. Next to age, physical fitness can also be a contributor to cognitive perfor-
mance. An advanced level of physical education at school, and thus an increased physi-
cal activity, seems to be associated with overall better cognitive performance, specifically
in response speed and accuracy [11]. In this study, the proportion of children from N-SC
and SC was approximately equal in the control and intervention groups so that physical
fitness should have not affected the outcome. However, when analysing N-5C and SC
separately, it showed that especially pupils from SC were not affected at all from wear-
ing a mask. Only 5t graders tended to show worse cognition after wearing a mask as
long as type I error was neglected. Overall, these data suggest that wearing a mask has
no effect on schoolchildren's cognition. Possible tendencies can certainly be neglected,
especially because effect sizes were very small.

4.1 Limitation

An important limitation of the study is certainly the short time span of only two school
hours plus the time of testing (about one school hour), during which the students did
not wear a mask. Thus, no statement can be made about the influence of longer periods
of time. For organisational reasons (e.g. necessary teaching staff for both groups and ad-
ditional rooms for separate lessons for the two groups), a longer period during ongoing
school operations was not possible. In Germany, however, the duration of two school
hours corresponds exactly to the lesson unit, after which pupils have a longer break to
regenerate, so that the chosen duration reflects the real-life situation quite well.

Fitting of the face masks in the control group was not systematically checked and cor-
rected. The students wore the mask as they do in everyday school life. But again, this is
in line with the real-life setting.

As the study took place during ongoing school operations, no block randomisation was
possible for organisational reasons. Nevertheless, we were able to achieve a relatively
even distribution of the students among the groups.

Similarly, no distinction was made between surgical masks and FFP2/KN95 masks in the
evaluation, as otherwise the sample sizes would have been too small. There are


https://doi.org/10.20944/preprints202112.0093.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2021 d0i:10.20944/preprints202112.0093.v1

indications in studies that tighter-fitting masks stress subjects more, but without seri-
ously affecting them [3,8]. In addition, in the “Co-Ki” survey [16], the majority of chil-
dren reported wearing looser fitting masks such as cloth masks or surgical masks, so we
do not suspect a major influence.

Possible side effects of the masks such as discomfort, headaches, breathing problems
were not systematically recorded. But none of the participants complained of discomfort
during the study and none had to stop the testing early.

Drinking and eating were not regulated during the study. We assume, however, that we
were able to sufficiently reduce the influence of this aspect through randomisation
within the school classes.

5. Conclusions

We were able to show in our study that wearing a face mask has no influence on the
cognitive performance of pupils.

From our point of view, wearing of face masks in class during the pandemic can still
be recommended and should become as self-evident as wearing a helmet when cycling or
buckling up in a car while driving.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1:
Ranges (min-max) of cognitive performance without (- Mask) and with a mask (+ Mask). Table S2:
Reference Values of cognitive performance - Mean Value (MV) and Median including 25th-75th
Percentile. Table S3: Cognitive performance of children from non-sport focused classes (N-SC) and
sport-focused classes (SC) without (- Mask) and with a mask (+ Mask).

Author Contributions: Conceptualization, F.B., A.S. and T.L.; Methodology, M.F.; Formal Analysis,
K.S; Investigation, L.E. and A.S.; Writing — Original Draft Preparation, A.S. and K.S.; Writing — Re-
view & Editing, F.B., T.L.,, A.H,, L.E,, K.S. and A.S.; Supervision, T.L.; Project Administration, F.B.
and T.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
the Medical Faculty of the Ruhr-University Bochum (Registration number 21-7218).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.
Data Availability Statement: The data presented in this study are available on request from the

corresponding author.

Acknowledgments: The authors thank all participants and teachers and the school management for
supporting this study. We acknowledge Ludger Blanke (ALA institute) for the excellent technical
support of the cognition tests and Prof. Christoph Maier for reviewing the article.

Conflicts of Interest: The authors declare no conflict of interest.


https://doi.org/10.20944/preprints202112.0093.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2021 d0i:10.20944/preprints202112.0093.v1

References

1

10

11

12

13

14

15

16

17

18

ChuD.K,; AKIE.A.;Duda$.; Solo K.; Yaacoub S.; Schiinemann H.J.; COVID-19 Systematic Urgent Review Group Effort (SURGE)
study authors. Physical distancing, face masks, and eye protection to prevent person-to-person transmission of SARS-CoV-2
and COVID-19: a systematic review and meta-analysis. Lancet 2020, 395:10242, p 1973-1987.

Lubrano R.; Bloise S.; Testa A.; Marcellino A.; Dilillo A.; Mallardo S.; Isoldi S.; Martucci V.; Sanseviero M.; Del Giudice E.;
Malvaso C.; Iorfida D.; Ventriglia F. Assessment of Respiratory Function in Infants and Young Children Wearing Face Masks
During the COVID-19 Pandemic. JAMA Netw Open 2021, 4(3):e210414.

Goh D.Y.T; Mun M.W.; Lee W.L.J.; Teoh O.H.; Rajgor D.D. A randomised clinical trial to evaluate the safety, fit, comfort of a
novel N95 mask in children. Sci Rep 2019, 9(1):18952.

Mapelli M; Salvioni E.; De Martino F.; Mattavelli I.; Gugliandolo P.; Vignati C.; Farina S.; Palermo P.; Campodonico J.; Maragna
R.; Lo Russo G.; Bonomi A.; Sciomer S.; Agostoni P. "You can leave your mask on": effects on cardiopulmonary parameters of
different airway protection masks at rest and during maximal exercise. Eur Respir ] 2021, 58(3):2004473.

Hopkins S.R.; Dominelli P.B.; Davis C.K.; Guenette J.A.; Luks A.M.; Molgat-Seon Y.; Sa R.C.; Sheel A.W.; Swenson E.R.; Stick-
land M.K. Face Masks and the Cardiorespiratory Response to Physical Activity in Health and Disease. Ann Am Thorac Soc
2021,18(3), p 399-407.

Shaw K.A.; Zello G.A.; Butcher S.J.; Ko ].B.; Bertrand L.; Chilibeck P.D. The impact of face masks on performance and physio-
logical outcomes during exercise: a systematic review and meta-analysis. Appl Physiol Nutr Metab 2021, 46(7), p 693-703.
Zhang G.; Li M.; Zheng M.; Cai X.; Yang J.; Zhang S.; Yilifate A.; Zheng Y.; Lin Q.; Liang J.; Guo L.; Ou H. Effect of Surgical
Masks on Cardiopulmonary Function in Healthy Young Subjects: A Crossover Study. Front Physiol 2021, 12:710573.

Lubrano R.; Bloise S.; Marcellino A.; Ciolli C.P.; Testa A.; De Luca E.; Dilillo A.; Mallardo S.; Isoldi S.; Martucci V.; Sanseviero
M.; Del Giudice E.; Malvaso C.; Iacovelli C.; Leone R.; Iorfida D.; Ventriglia F. Effects of N95 Mask Use on Pulmonary Function
in Children. ] Pediatr 2021, 237, p 143-147.

Jansen K.; Tempes J.; Drozdowska A.; Gutmann M.; Falkenstein M.; Buyken A.E.; Libuda L.; Rudolf H.; Liicke T.; Kersting M.
Short-term effects of carbohydrates differing in glycemic index (GI) consumed at lunch on children’s cognitive function in a
randomized crossover study. Eur ] Clin Nutr 2020, 74(5), p 757-764.

Drozdowska A.; Falkenstein M.; Jendrusch G.; Platen P.; Liicke T.; Kersting M.; Jansen K. Water consumption during a school
day and children’s short-term cognitive performance: The CogniDROP randomized intervention trial. Nutrients 2020,
12(5):1297.

Drozdowska A.; Falkenstein M.; Jendrusch G.; Platen P.; Liicke T.; Kersting M.; Sinningen K. Interrelations of physical fitness
and cognitive functions in german schoolchildren. Children (Basel) 2021,8(8):669.

Bos K.; Schlenker L.; Seidel I. Motorischer Test fiir Nordrhein-Westfalen, Testanleitung mit DVD; dieser Test ist identisch mit
dem deutschen Motorik-Test (DMT 6-18). Diisseldorf2009. http://www.fbg.schwerte.de/fbg/wp-
content/uploads/2017/12/Sportklasseneingangstest.pdf. (accessed on 12 Oct 2021).

Cheng Y.; Ma N.; Witt C.; Rapp S.; Wild P.S.; Andreae M.O.; P6schl U.; Su H. Face masks effectively limit the probability of
SARS-CoV-2 transmission. Science 2021, 20:eabg6296.

Lelieveld J.; Helleis F.; Borrmann S.; Cheng Y.; Drewnick F.; Haug G.; Klimach T.; Sciare J.; Su H.; P6schl U. Model Calculations
of Aerosol Transmission and Infection Risk of COVID-19 in Indoor Environments. Int ] Environ Res Public Health
2020,17(21):8114.

Kisielinski K.; Giboni P.; Prescher A.; Klosterhalfen B.; Graessel D.; Funken S.; Kempski O.; Hirsch O. Is a Mask That Covers the
Mouth and Nose Free from Undesirable Side Effects in Everyday Use and Free of Potential Hazards? Int ] Environ Res Public
Health 2021, 18(8):4344.

Schwarz S.; Jenetzky E.; Krafft H.; Maurer T.; Martin D. Coronakinderstudien , Co-Ki”: erste Ergebnisse eines deutschland-
weiten Registers zur Mund-Nasen-Bedeckung (Maske) bei Kindern [Corona child studies "Co-Ki'": first results of a Germany-
wide register on mouth and nose covering (mask) in children].

Monatsschr Kinderheilkd 2021, 169, p 353-365.

Christakis D.; Fontanarosa P.B. Notice of Retraction. Walach H, et al. Experimental Assessment of Carbon Dioxide Content in
Inhaled Air With or Without Face Masks in Healthy Children: A Randomized Clinical Trial. JAMA Pediatr. Published online
June 30, 2021. JAMA Pediatr 2021, 175(9):e213252.

Drozdowska A.; Sinningen K.; Falkenstein M.; Rudolf H.; Libuda L.; Buyken A.E.; Liicke T.; Kersting M. Impact of lunch with
carbohydrates differing in glycemic index on children's cognitive functioning in the late postprandial phase: A randomized
crossover study. Eur ] Nutr 2021, accepted



http://www.fbg.schwerte.de/fbg/wp-content/uploads/2017/12/Sportklasseneingangstest.pdf
http://www.fbg.schwerte.de/fbg/wp-content/uploads/2017/12/Sportklasseneingangstest.pdf
https://doi.org/10.20944/preprints202112.0093.v1

