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ABSTRACT
Introduction. Visualization of oral movements and facial expressions 
is essential for learning, development, and communication, especially 
among students receiving speech and language services. This study 
aimed to assess the effectiveness of cloth masks with transparent 
windows as an alternative to opaque masks in mitigating the risk of 
droplet-transmitted infectious diseases.      
Methods.xResearchers measured the filtration efficiency of various 
medical and non-medical masks, both with and without transparent 
windows. A testing pipe, fitted with the selected masks, was used to 
deliver particulate matter (PM) at an airflow velocity mimicking human 
breathing. Particle size and airflow were measured using three real-time 
particle monitors positioned upstream and downstream of the masks. 
Filtration efficiency was then calculated for each of the eight masks.
Results. Mask efficiency varied based on build quality and material. 
Filtration efficiency for the four face masks with transparent windows 
ranged from 28.6% to 90%, with the single-layer mask performing the 
worst. All multi-layer masks with windows achieved filtration efficien-
cies greater than 70% for all particle sizes tested (1, 2.5, and 10 microns), 
exceeding that of the opaque cotton masks and approaching the filtra-
tion levels of surgical masks.  
Conclusions. Given the high filtration efficiency of cloth masks with 
transparent windows, the authors conclude that these masks can reduce 
the transmission of SARS-CoV-2 and other droplet-transmitted infec-
tious diseases while also improving communication for individuals with 
speech, language, and/or hearing impairments. 

INTRODUCTION
The COVID-19 pandemic impacted education worldwide, with 

many schools closing and others having to adapt rapidly. Students with 
exceptionalities, such as those requiring speech and language instruc-

tion (SLI), often were left without access to specialized services. Given 
that nearly one-fifth of students with academic exceptionalities receive 
SLI, and 10% of Kindergarten through 12th grade (K-12) students are 
English Learners (ELs), the absence of SLI services during the pan-
demic was particularly concerning.1,2 Due to the broad implications of 
school shutdowns, especially for marginalized and minority students, as 
well as those receiving special education services,3-5 numerous organiza-
tions advocated for in-person learning with appropriate infection risk 
mitigation measures.6-9

Masking mandates became common in schools, with data showing 
reduced disease transmission among mask-wearers.10 This aligned 
with existing literature indicating that masks decrease the risk of 
transmission for other droplet-transmitted infectious diseases such as 
influenza and tuberculosis.11-13 As the education system moves forward 
post-pandemic, it is crucial to protect both students and educators from 
infectious diseases while ensuring equitable access to education for stu-
dents requiring SLI.

SARS-CoV-2 is primarily spread through respiratory droplets, with 
larger particles typically traveling 1-2 meters from the source before 
settling. However, environmental factors (e.g., temperature, humidity, 
airflow) can cause larger droplets (100 µm diameter) to evaporate and 
shrink into smaller particles, known as droplet nuclei (<5 µm diameter), 
which allow for aerosol transmission. These droplet nuclei remain air-
borne longer (8 minutes to 41 hours) and can travel farther, potentially 
infecting others.14,15

During the pandemic, universal masking became a key strategy for 
preventing COVID-19.16-18 Medical professionals primarily use N95 
masks and Level 1 surgical masks. N95 masks are designed to filter out 
more than 95% of particles 0.3 microns or larger but can actually filter 
up to 99.8% of particles as small as 0.1 microns.19 Surgical masks, though 
less efficient and more variable than N95s for smaller particles, still offer 
good protection.19 Cloth masks, while variable in filtration, can perform 
comparably to surgical masks in some cases and were recommended 
for non-medical use during the pandemic due to their accessibility and 
reusability.17,19,20

Although masks are effective at reducing disease transmission, they 
can have unintended consequences for speech and language devel-
opment and education. Since the visualization of oral movements 
and facial expressions is critical for EL and SLI students, traditional 
masks that cover much of the face can hinder communication for this 
population.21,22 An alternative is face masks with transparent windows 
(FMTWs), which allow for better visualization of oral movements 
and expressions during communication. However, given their recent 
development, there is limited evidence on the filtration effectiveness 
of FMTWs.

This study aimed to evaluate whether FMTWs effectively filter respi-
ratory droplets, making them a suitable alternative to standard masks 
for SLI students during infectious disease outbreaks.

METHODS
Target Particle Size. Previous research has shown that particles 

from a human sneeze range in size from 100 µm to 1000 µm,23 large 
enough to carry respiratory pathogens such as measles (0.05-0.5 µm), 
influenza (0.1-1 µm), and Mycobacterium tuberculosis (1-3 µm). For this 
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to test the effectiveness of various face masks.24

The experimental procedure consisted of three main steps: (1) parti-
cle generation, (2) measuring particle size with and without face masks, 
and (3) measuring airflow rate. Aerosols were generated by burning 
multiple incense sticks to create a well-mixed and stable condition in 
the generating chamber. Once the incense sticks were lit, a fan was used 
to direct airflow through the chamber’s air inlet. The upstream particle 
concentration, with airflow, was measured and remained stable in the 
range of 600–800 µg/m3, confirming steady conditions. The generated 
aerosols were then diluted with clean air and delivered to the testing 
pipe at an airflow speed of 1.5 m/s, simulating the breathing velocity of 
healthy adults.25

To calculate mask effectiveness, two real-time particle monitors 
(OPC-N3, Alphasense, UK) were used to measure aerosol particles 
both upstream (Figure 1, location A) and downstream (Figure 1, loca-
tion B) of the face mask.

Figure 1. Experimental setup for the rapid screening test.

An Extech anemometer was used to measure airflow rates. Air veloc-
ity was measured both upstream and downstream to compare flow 
rate changes with and without masks. The filtration efficiency of each 
mask was calculated by comparing the particle concentrations at the 
upstream and downstream locations. The below equation was used:

Filter Efficiency (%) = (1 - Cdownstream/Cupstream ) × 100

Cdownstream: Particle concentrations at the downstream of the face mask

Cupstream: Particle concentrations at the upstream of the face mask

Theory and Calculation. Filtration efficiency is expressed as the 
percentage of particles captured and retained by a filter medium.26 In 
this study, the filtration efficiency of the masks was calculated to evalu-
ate effectiveness in capturing aerosols generated during speaking and 
coughing.

RESULTS
As shown in Figure 2, eight selected masks were tested: N-95 mask 

(A), medical grade Level 1 surgical mask (B), and two different double 
layered cotton masks (C, D) were used as a reference (Table 1). Four 
different types of cloth FMTWs (E, F, G, and H) were used. All were 
installed on the mask holder and measured for at least 10 minutes.
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Figure 2. Selected face masks.

Table 1 shows the mean and standard deviation (SD) of filter effi-
ciency for the eight masks tested. Mask A (N-95) showed >99 % filter 
efficiency of all particles. Mask C had the lowest filter efficiency (14.7 
– 41.7 %). The filter efficiencies of the four FMTWs (Masks E through 
H) varied from 28.6% to 90%. Overall, the lowest filter efficiency was 
shown when calculated based on PM 1 concentrations. Fabric and stitch 
type connecting the cloth to the window may have affected filter effi-
ciency. Figure 2 shows a closer look of the four FMTWs. They all use the 
same stitch type, but face mask F has a double line with a large window. 
These two factors reduce the likelihood of particle leakage and increase 
filter efficiency. Mask E had the lowest filter efficiency and is the only 
tested mask with a single layer of fabric; it also has a single line stitch.

Table 1. Filter efficiency for masks with and without a clear 
window (per different size particles).

Face 
Mask Material/Face Mask

Filter Efficiency (%) (SD)

PM 1* PM 2.5* PM 10*

A N-95 99.4 (0.6) 99.6 (0.4) 99.7 (0.4)

B Medical grade Level 1 surgical mask 83.6 (2.5) 86.6 (2.2) 87.9 (2.2)

C Double layer cotton face mask #1 14.7 (5.2) 33.4 (6.1) 41.7 (7.3)

D Double layer cotton face mask #2 53.0 (2.8) 73.1 (1.9) 79.5 (1.5)

E
Single-layered cloth mask with 

transparent window #1- polyester 
fabric

28.6 (5.7) 39.3 (7.3) 49.0 (7.2)

F Multi-layered cloth mask with 
transparent window #2 87.2 (3.0) 89.6 (3.4) 90.0 (3.6)

G Multi-layered cloth mask with 
transparent window #3 78.2 (5.3) 84.6 (3.9) 86.8 (3.2)

H

Multi-layered cloth mask with 
transparent window #4 - Home-
made 2-layer 100% cotton fabric 

with 2-layer food grade storage bag 
window

75.1 (6.0) 81.0 (5.5) 82.8 (5.9)

*PM: Particulate matter
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DISCUSSION
The goal of this study was to assess if FMTWs were comparable 

to other masks in filtering respiratory droplets. Three (F, G, H) of 
four FMTWs tested demonstrated comparable protection to dou-
ble-layered cotton masks and the level 1 surgical mask. This suggests 
lab-based non-inferiority of FMTWs to multi-layered cloth masks for 
community-wide and school-based non-pharmaceutical COVID-19 
mitigation strategies. Moreover, FMTWs may provide enhanced pro-
tection compared to double-layered cotton masks while also providing 
an increased advantage for communication. Interpreting results is 
more challenging for FMTWs due to their heterogeneous makeup. For 
example, mask F had a larger plastic window, limiting the cloth portion 
in the testing apparatus and complicating its results. Regardless, all 
multilayer FMTWs performed comparably to standard cloth masks 
and some approached filter efficiency of the surgical mask suggesting 
that these masks are effective in filtering respiratory droplets carrying 
infectious particles. 

Results showed a large discrepancy in the filter efficiency of the two 
double-layered cotton masks (C, D) and the first FMTW (E) as com-
pared to the subsequent three FMTWs (F, G, and H). This suggests 
that not all masks are created equally as materials and build quality may 
affect filtration efficiency. Across communities, masks have a variety of 
designs, materials, layers, and quality but despite differences evidence 
has shown the community health benefit of universal masking in the 
prevention of SARS-CoV-2 transmission.10 In individual interactions, 
high quality, well-fitting masks that have a high filter efficiency are likely 
to be superior. 

When working closely with students receiving SLI, it is important to 
use the mask that will provide the best protection from disease trans-
mission and interfere the least with communication and learning. This 
research suggests that FMTWs will work well for these interactions 
by decreasing disease transmission and allowing visualization of oral 
movement and expression. FMTWs should also be considered for all 
types of instruction to young children as they are learning language and 
social development. When creating and manufacturing these masks, it 
is important to use multiple layers of cloth to surround the transpar-
ent window. There also may be benefit from a tighter or double stich 
pattern.

This study measured filter efficiency of a variety of masks. The mea-
surements obtained for the medical masks are comparable to other 
reported filter efficiency studies. Still, there are limitations when 
applying these results to the prevention of SARS-CoV-2 and other 
droplet-transmitted infectious diseases. Mask efficacy is dependent 
on fit and compliance. This study did not assess how mask type may 
affect compliance or other potential difficulties with the transparent 
window such as fogging and saliva disrupting visualization through the 
window. In addition, comfort, oxygenation, and effect of chronic illness 
was not assessed in this study. Further studies should consider evaluat-
ing comfort, compliance, appropriate wear, and feasibility of prolonged 
wear of FMTWs.
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