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S H O R T  CO M M U N I C AT I O N

     I
n response to the COVID-19 pandemic, a requirement for 

Army aircrew to use face-worn respiratory protection dur-

ing infected patient transport as well as routine operations 

was introduced. However, the impact of facial coverings on air-

crew performance, particularly the eff ects on communication, 

was unknown. As such, the U.S. Army Aeromedical Research 

Laboratory (USAARL) responded to multiple requests from 

diff erent Army agencies to assess selected facial coverings on 

aircrew safety and performance. Results from a series of evalu-

ations informed U.S. Army aviation leadership of performance 

changes associated with this personal protective equipment 

(PPE). Describing the performance eff ects enabled aviation 

leadership to render informed decisions regarding continua-

tion of aviation operations amid infection control measures 

necessitated by the pandemic. 

 Communication within rotary wing aircraft  presents con-

siderable challenges to Army aircrew even without the possible 

challenges associated with face-worn respiratory protection. 

Ambient hazardous noise threatens auditory health and com-

munication among the aircrew, with ambient noise levels 

requiring the use of double hearing protection.  2   Th e reduced 

signal-to-noise ratio inside the aircraft  resulting from high 

ambient noise can lead to increased operational demands and 

listening eff ort for aircrew.  13   A review of accidents within the 

air Emergency Medical Services cited that degraded radio com-

munication remained one of several contributing factors to 

 From the U.S. Army Aeromedical Research Laboratory, Fort Rucker, AL, USA. 

   Th is manuscript was received for review in   August     2020    . It was accepted for publication 
in   January     2021 .    

  Address correspondence to: LTC Kara M. Cave, Ph.D., Warfi ghter Performance Group, 
U.S. Army Aeromedical Research Laboratory, 6901 Farrell Ave., Fort Rucker, AL 36362, 
USA;  kara.m.cave.mil@mail.mil .  

 Reprint & Copyright © by the Aerospace Medical Association, Alexandria, VA. 

 DOI: https://doi.org/10.3357/AMHP.5751.2021 

             Aircrew Performance and Safety While Using Protective 

Masks in Response to Coronavirus Disease  
    Kara M.     Cave    ;     Amanda M.     Kelley    ;     Kathryn A.     Feltman    ;     Jason A.     Gerstner    ;     Justin L.     Stewart    ;     John S.     Crowley           

    INTRODUCTION:   In response to the urgent need for safe aircrew respiratory protection due to the COVID-19 pandemic, three small 

descriptive evaluations were conducted with aircrew and air traffi  c controllers (ATC) that assessed the impact of mask 

use on safety and performance onboard rotary wing aircraft. 

   METHODS:   A series of evaluations assessed aircrew performance using the 3M TM  Model 1860 N95 respiratory protection mask, two 

aviation-specifi c cloth mask prototypes, and a commercial off -the-shelf aviation-specifi c cloth mask. The series of 

evaluations included diff erent sets of subjects consisting of up to fi ve Black Hawk helicopter aircrew members, air traffi  c 

control (ATC), and 12 CH-47 aircrew members. The Modifi ed Rhyme Test was used to measure speech intelligibility and 

was administered in the UH-60 among crewmembers of the same aircraft, between pilots of diff erent aircraft, and 

between the pilots and ATC. Measures of workload, usability, comfort, and pulse oximetry were also administered. 

   RESULTS:   Results from the Modifi ed Rhyme Test indicated that all subjects scored greater than 80% accuracy given the proper 

microphone positioning relative to the mask. With respect to workload, NASA-TLX total scores for the  “ perform radio 

communications ”  task was 50.83. 

   DISCUSSION:   Despite an elevated perceived degree of workload on the communications fl ight task, results from the speech intelligi-

bility test indicated that performance was maintained within the acceptable range as defi ned by MIL-STD-1474E, Design 

Criteria Standard Noise Limit. This abbreviated evaluation suggests that the face masks tested are safe for use by 

helicopter aircrew under the conditions tested.   
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accidents.  10   Given the already challenging communication 

environment, the eff ects of a physical barrier imposed by the 

required face mask on the speech transmission path warranted 

further evaluation. 

 Wearing respiratory protective masks presents other possi-

ble challenges to aircrew beyond those resulting from reduced 

auditory signal quality. Specifi cally, reduced auditory signal 

quality can yield secondary eff ects, such as increased workload 

and performance decrements on tasks requiring auditory input, 

or compound the eff ects of tasks already taxing performance. 

For example, increased workload, particularly in combination 

with reduced communication signal integrity (i.e., no electronic 

signal processing applied to the incoming communication), can 

degrade fl ight performance and speech intelligibility.  1   Similarly, 

when levels of signal-to-noise ratio are low, subjects ’  perfor-

mance decreased on a recall task and visual reaction times.  11   

Th erefore, these results supported that increased listening eff ort 

and subsequent increased workload can deplete other cognitive 

resources that are unrelated to auditory detection. As such, use 

of a face mask that could potentially degrade performance 

among aircrew warranted further assessment of workload to 

accurately describe device-worn performance. 

 To address rapid-response inquiries from the Army aviation 

community, USAARL conducted assessments of speech intel-

ligibility and workload on aircrew while wearing respiratory 

PPE. Additionally, other potentially important factors were 

examined; specifi cally, measures of usability, user experience, 

pulse oximetry, and comfort. Th e series of evaluations described 

herein were conducted with U.S. Army aircrew wearing an N95 

respirator, Aviation Center Logistics Command prototype cloth 

masks, and an aviation-specifi c commercial-off -the-shelf (COTS) 

fl ame-retardant cloth mask. Th e series of evaluations sought to 

describe performance-related issues with Army helicopter air-

crew wearing respiratory protective masks.  

 METHODS  

    Subjects 

 All subjects were Army aircrew and air traffi  c controllers (ATC) 

assigned to Fort Rucker, AL, USA, and deemed medically fi t for 

their respective duties. In the fi rst of three evaluations, a male 

HH60M pilot served as the talker. Listeners consisted of a 

female rear-stationed crewmember, a male HH60M copilot, 

and a male UH60A/L pilot. In the second evaluation, two 

HH60M pilots (one woman), one male ATC, and one female 

rear-stationed crewmember served as talkers. Th ree HH60M 

pilots (one woman who also served as a talker) and an ATC (the 

same one who served as a talker) served as listeners. In the third 

evaluation, 12 CH-47 male aircrew [4 instructor pilots (IPs), 

4 fl ight students, and 4 fl ight engineers] completed qualitative 

assessments. Medical Evacuation (MEDEVAC) aircrew and an 

ATC completed speech intelligibility testing. Th e MEDEVAC 

aircrew also completed the same qualitative assessments as the 

CH-47 aircrew. Th e MEDEVAC aircrew was comprised of two 

HH60M pilots (both men), two JUH-60A+ pilots (one woman), 

a female rear-stationed crewmember, and a male ATC. Two 

HH60M pilots, a male JUH-60A+ pilot, and the rear-stationed 

aircrew member (flight surgeon) served as talkers. Both 

HH60M pilots, the male JUH-60A+ pilot, and ATC served as 

listeners.   

 Materials 

 Th e three mask evaluations described herein incorporated 

commonly used, validated measures of speech intelligibility, 

workload, comfort, and user experience. Speech intelligibility 

measurements complied with those outlined in MIL-STD-

1474E,  9   Design Criteria Standard Noise Limit, using the Modi-

fi ed Rhyme Test (MRT).  7   Th e MRT is a multiple-choice test that 

consists of 50 monosyllabic words in 6 lists (300 words total). 

Each list is presented as 50 ensembles of 6 related words. Th e 

words in each ensemble all share a core vowel and either start or 

end with the same consonantal phoneme (e.g., tent, bent, went, 

lent). Th e listener then identifi es which of the six words in the 

ensemble was transmitted by circling the word on the response 

sheet. In these evaluations, one crewmember read the 50-word 

list with the carrier phrase,  “ Say the word [MRT stimulus] ”  

while the listener circled their choice via hardcopy score sheet. 

 Th e NASA Task Load Index (NASA-TLX)  6   was used to mea-

sure subjective workload. Using a 100-point scale, respondents 

rated mental demand, physical demand, temporal demand, 

performance, eff ort, and frustration subscales. Typically, respon-

dents then provide assessments of which factors contributed 

to workload through pairwise comparisons. Th e ratings and 

weights are used to calculate weighted total scores. Only ratings 

were used in this evaluation. In order to assess comfort associ-

ated with use of the mask, the Wong-Baker Visual Analog 

Scale  14   was used to assess pain level [no pain (0) to worst pain 

possible (10)] and administered pre- and postflight. Two 

additional questionnaires were administered to assess user 

experience and comfort postfl ight: Usability Metric for User 

Experience-Lite (UMUX-Lite)  8   and an adapted version of 

Schumacher et al. ’ s comfort and experience questionnaire.  12   

Th e UMUX-Lite consists of a response scale of strongly dis-

agree (1) to strongly agree (7) that is used to respond to two 

statements:  “ Th is face mask ’ s capabilities met my requirements ”  

and  “ Th is face mask is easy to use. ”  Finally, pulse oximetry was 

measured to evaluate changes in blood oxygen saturation 

associated with mask use and was collected using a Nonin 

(Plymouth, MN, USA) 7600 oximeter.   

 Procedure 

 Th is project was reviewed and locally determined by the U.S. 

Army Aeromedical Research Laboratory ’ s Research Compli-

ance Offi  ce to be a nonresearch project, and did not require IRB 

approval. In all evaluations, the MRT was administered during 

grounded fl ight operations just prior to takeoff . Th e NASA-

TLX was administered to aircrew aft er performing 12 fl ight 

tasks and subsequent shutdown. Th e rear-stationed crewmem-

bers completed the NASA-TLX for a subset of these tasks. 

However, only the  “ perform radio communications proce-

dures ”  task is presented here given that communication was the 
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focus of the evaluation. All aircrew wore the HGU-56/P helmet 

and communications earplugs (CEP). All fl ights were per-

formed around the vicinity of Fort Rucker, AL, USA. 

 Th e fi rst evaluation conducted assessed the eff ects of respira-

tory protective masks (N95) on performance and safety of 

MEDEVAC aircrew in the HH60M and UH60A/L aircraft . 

Speech intelligibility was assessed between pilots within the 

same aircraft  (HH60M), between the pilot and rear-stationed 

crewmember (HH60M), and between aircraft  (HH60M to 

UH60A/L). Due to severe shortages in PPE at the time of this 

evaluation, a single 3M TM  Model 1860 N95 respiratory protec-

tion mask was worn by one Army aviator while conducting 

fl ight operations in an HH60M Black Hawk helicopter. Of note, 

respiratory fi t-check testing did not occur prior to fl ight. Th e 

pilot wearing the N95 mask served as the talker whereas the 

three other subjects (copilot, crewmember, and pilot of a sepa-

rate aircraft ) did not wear a mask and served as listeners. Th ree 

mask conditions were tested: the pilot wearing an N95 mask 

and maxillofacial shield, the pilot wearing an N95 mask only 

(no face shield), and the pilot wearing neither the maxillofacial 

shield nor the mask (control). Th e fl ight lasted approximately 

1.5 h and following aircraft  shutdown, the N95 wearer (talker) 

and two pilot listeners completed the NASA-TLX. Th e two pilot 

listeners reported only the workload associated with the  “ per-

form radio communications procedures ”  fl ight task, whereas 

the talker completed a NASA-TLX associated with all 12 fl ight 

tasks. Th e talker also completed the modifi ed Wong-Baker 

Visual Analog Scale pre- and postfl ight. Postfl ight, the talker 

completed the UMUX-Lite and adapted comfort and experi-

ence questionnaire as well. 

 In the second evaluation, onboard aircrew performance was 

assessed while using two types of cloth prototype protective 

masks produced by the U.S. Army Aviation Center Logistics 

Command. Th e evaluation was conducted using two UH60M 

aircraft . Th e smaller cloth mask prototypes were worn by the 

pilot talker in the primary aircraft  (Pilot A), the crewmember in 

the primary aircraft , and ATC, whereas the larger one was worn 

by the pilot talker of the second aircraft  (Pilot C). Th e copilots 

in both aircraft  (Pilots B and D) served as listeners. Th e maxil-

lofacial shield routinely mounted on the crew chief fl ight hel-

met as crash protection for Army aircrew was incorporated in 

this study as a mask condition. Finally, the eff ect of the boom 

microphone position relative to the mask (inside the mask, out-

side the mask) on speech intelligibility was evaluated. Th ere 

were 15 confi gurations systematically varying the role of talker, 

listener, use of the maxillofacial shield, and microphone posi-

tion relative to the mask which were tested. Th e pilots and the 

rear-stationed crewmember wearing the mask prototypes com-

pleted the pre- and postfl ight measures in the same manner as 

in the fi rst evaluation. 

 Th e third evaluation assessed onboard performance of 

CH-47 and UH-60 aircrew using a COTS cloth fi re-retardant 

facemask. Speech intelligibility measures were collected only on 

the UH-60 aircrew. Th e evaluation involved a two-part evalua-

tion. In part one, 12 CH-47 aircrew evaluated the mask over 

3 d, with the aircrew each completing three fl ights. Th e IPs and 

students completed a baseline administration of the modifi ed 

Wong-Baker Visual Analog Scale before the fi rst fl ight. Th e 

fl ight engineers were unable to do so at this time (due to sched-

ules) and, however not ideal, completed the assessment before 

the second fl ight occurred. Aft er the third day of fl ying, the 

same postfl ight measures used in the previous 2 evaluations 

were completed by 11 crewmembers. One fl ight engineer fi lled 

out his postfl ight measures aft er the second day due to a pro-

jected absence on the third day. Th e MRT was not administered 

in this evaluation. Prior to donning the masks, a demonstration 

was provided of the four confi gurations of the mask: 1) straps 

under the helmet, microphone inside the mask; 2) straps under 

the helmet, microphone outside the mask; 3) straps over the 

helmet, microphone inside the mask; and 4) straps over the hel-

met, microphone outside the mask. Aircrew were advised to 

wear the mask in the confi guration they found most comfort-

able, but that previous evaluations demonstrated that the 

microphone inside the mask yielded the best speech intelligibil-

ity results. 

 Part two of the third evaluation tested the same confi gura-

tions and followed the same procedures as the second evalua-

tion, with the addition of pulse oximetry and without use of the 

maxillofacial shield, to evaluate the COTS masks. Th e four 

pilots (Pilots A, B, C, and D) and a rear-stationed aircrew mem-

ber (fl ight surgeon) donned the COTS mask. One ATC partici-

pated as a listener and wore a mask of his choosing.   

 Statistical Analysis 

 Th e data from all three evaluations for each outcome measure 

was summarized and descriptive statistics are presented. No 

inferential statistics were conducted due to the small number of 

observations and the variability between the evaluations in this 

operational evaluation.     

 RESULTS 

 Speech intelligibility was measured with the MRT and results 

were scored according to MIL-STD-1474E by determining the 

percent correct and using a correction factor to control for 

guessing. Th e results from the three mask evaluations are fur-

nished in     Table I  . Overall, use of the N95 respirator and maxil-

lofacial shield yielded results that exceeded the MIL-STD ’ s 

1474E acceptable speech intelligibility criterion value of 80%. 

For the cloth prototype and COTS masks evaluations, MRT 

scores were within acceptable limits with the microphone con-

fi gured inside the mask, with the exception of the pilot to ATC 

condition with the cloth prototype.     

 Perceived workload was measured with the NASA-TLX and 

responses specifi c to the  “ perform radio communications ”  

fl ight task are summarized in     Fig. 1   for the N95 and cloth mask 

prototype evaluations. As no specifi c criteria exist for what 

defi nes  “ high ”  and  “ low ”  workload with NASA-TLX scores, 

these values were compared to mean values from past studies 

where subjects performed similar tasks:  12 , 13   as can be seen in 

 Fig. 1 , the N95 talker ’ s NASA-TLX scores were near or exceeded 
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the mean  “ high ”  workload scores used for comparison.     Fig. 2   

presents the responses for the COTS cloth mask evaluation for 

each aircrew group and airframe. Workload ratings reported by 

nonstudent pilots and instructor pilots were  “ low, ”  whereas rat-

ings provided by fl ight engineers and students were primarily 

 “ high ”  in comparison. Overall, the N95 talker reported the 

greatest degree of workload compared to the other conditions. 

Th e cloth mask prototypes demonstrated the second highest 

workload rating compared to all other conditions, with the 

exception of the frustration subscale recorded during the COTS 

study.         

 Results from the Modifi ed Wong-Baker Visual Analog scale 

varied across the evaluations. For the N95 evaluation, the pilot 

wearing the mask indicated no discomfort prefl ight and mod-

erate discomfort postfl ight. In the cloth mask prototype evalua-

tion, this same measure showed disparate results among the 

pilots and crewmembers. Specifi cally, the pilot wearing the 

small mask reported no discomfort and no change in rating 

from pre- to postfl ight, whereas the pilot wearing the large 

mask reported moderate discomfort pre- and postfl ight with an 

increase in discomfort by 1 point on the scale. Th e crewmem-

ber wearing the small mask reported moderate discomfort for 

prefl ight which decreased to a mild level postfl ight (diff erence 

in 3 points on the scale). For the COTS mask evaluation, the 

CH-47 aircrew prefl ight comfort ratings were on average con-

sidered mild, but increased slightly by 1 point postfl ight, remain-

ing within the mild rating range. Th e UH-60 aircrew ratings of 

the COTS mask indicated no discomfort, with only one respon-

dent providing a rating greater than zero, but postfl ight ratings 

decreased to zero. 

 Th e Comfort and Experience Questionnaire results are pro-

vided in     Table II  . Ratings suggest that the cloth COTS and 

 Table I.        MRT Scores for the Three Mask Evaluations.  

  TALKER LISTENER TALKER MASK TYPE

MICROPHONE 

CONFIGURATION

COMMUNICATION PARTNER 

LOCATION(S) MRT % CORRECT  

  N95 Respirator  

  Pilot 1 Copilot None not applicable (n/a) same aircraft 92.8 

  Pilot 1 Crew N95 + Shield Outside mask same 88.0 

  Pilot 1 Pilot 2 None n/a diff erent 92.8 

  Pilot 1 Pilot 2 N95 + Shield Outside mask diff erent 100 

  Pilot 1 Pilot 2 N95 Outside mask diff erent 90.4 

  Pilot 1 Copilot N95+ Shield Outside mask same 97.6 

 Cloth Mask  

  Pilot 3 Pilot 4 Small prototype Inside mask same 97.6 

  Pilot 3 Pilot 4 Small prototype Outside mask same 90.4 

  Pilot 5 Pilot 3 Large prototype + Shield Inside mask diff erent 83.2 

  Pilot 5 Pilot 3 Large prototype + Shield Outside mask diff erent  73.6  

  Pilot 5 Pilot 3 Shield n/a diff erent 80.8 

  Pilot 5 Pilot 6 Large prototype + Shield Inside mask same 100 

  Pilot 5 Pilot 6 Large prototype + Shield Outside mask same 80.8 

  Pilot 5 Pilot 6 Shield (n/a) same 97.6 

  Pilot 3 ATC Small prototype + Shield Inside mask UH60M to ATC  78.4  

  Pilot 3 ATC Small prototype + Shield Outside mask UH60M to ATC 83.2 

  Pilot 3 ATC Shield n/a UH60M to ATC 95.2 

  ATC Pilot 3 Small prototype n/a ATC to UH60M 90.4 

  ATC Pilot 3 Small prototype n/a ATC to UH60M 97.6 

  ATC Pilot 3 Small prototype n/a ATC to UH60M 92.8 

  Crew Pilot 3 Small prototype Inside mask same 88.0 

  Crew Pilot 3 Small prototype Outside mask same  76.0  

  Crew Pilot 3 Small prototype + Shield n/a same  76.0  

 COTS Mask  

  Pilot 7 Pilot 8 COTS Inside mask same 100 

  Pilot 7 Pilot 8 COTS Outside mask same 90.4 

  Pilot 7 Pilot 8 Shield n/a same 100 

  Pilot 9 Pilot 7 COTS Inside mask diff erent 90.4 

  Pilot 9 Pilot 7 COTS Outside mask diff erent  56.8  

  Pilot 9 Pilot 7 Shield n/a diff erent 88.0 

  Pilot 10 Pilot 9 COTS Inside mask same 85.6 

  Pilot 10 Pilot 9 COTS Outside mask same  71.2  

  Pilot 10 Pilot 9 Shield n/a same 88.0 

  Pilot 9 ATC COTS Inside mask diff erent 80.8 

  Pilot 9 ATC COTS Outside mask diff erent  59.2  

  Pilot 9 ATC Shield n/a diff erent 85.6 

  Crew Pilot 7 COTS Inside mask same 92.8 

  Crew Pilot 7 COTS Outside mask same  66.4  

  Crew Pilot 7 Shield n/a same 95.2  

   MRT: Modifi ed Rhyme Test; ATC: air traffi  c controller; COTS: commercial off -the-shelf. Conditions incorporating the maxillofacial shield are referred to as  “ shield. ”  Results that fell below 

acceptable standards are in bold.   
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prototype masks resulted in lower heat ratings than the N95 

mask. However, the N95 mask yielded the least limitations to 

the fi eld of view. Speech intelligibility ratings were best for the 

COTS mask compared to the other mask types evaluated.     

 Results from the UMUX-Lite showed that the pilot wearing 

the N95 mask in the fi rst evaluation agreed with the statement 

that the mask met his requirements and was neutral on the 

statement that the mask was easy to use. In the cloth prototype 

mask evaluation, responses varied among the aircrew such that 

the pilots who served as talkers agreed that the mask met their 

requirements, whereas the crewmember reported disagree-

ment with the statement (M  5  5.50, SD   5   0.71). Pilot A, wear-

ing the small mask, responded that the mask was easy to use, 

whereas Pilot C, wearing the large mask, reported a neutral 

response, and the crewmember (small mask) disagreed with 

this statement (M  5  4.50, SD  5  0.71). In the third evaluation 

  
 Fig. 1.        NASA-TLX results for the N95 and cloth prototype mask conditions and aircraft. The dashed and solid lines indicate a comparison workload value reported 

in Feltman et al.  3   for high and low workload, respectively. The mean value for the two listeners who were unmasked in the N95 condition is reported.    

  
 Fig. 2.        NASA-TLX results for the COTS mask condition according to aircraft and crewmember type.  “ Crew ”  refers to the fl ight engineers. The dashed and solid lines 

indicate a comparison workload value reported in Feltman et al.  3   for high (dashed horizontal line) and low (solid horizontal line) workload, respectively.    

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 92, No. 4 April 2021  279

PERFORMANCE & PROTECTIVE MASKS — Cave  et al. 

(COTS cloth mask), the CH-47 aircrew tended to agree that 

the cloth mask met their requirements (M  5  5.00, SD  5  1.60) 

and that the mask was  “ easy to use ”  (M  5  5.33, SD  5  1.07). 

Similarly, the UH-60 aircrew agreed that the cloth mask met 

their requirements (M  5  6.20, SD  5  0.84) and was easy to use 

(M  5  6.20, SD  5  1.30). 

 Finally, in the cloth mask prototype evaluation, blood oxy-

gen saturation levels were within normal limits (97%  6  2).  4   

Specifi cally, the prefl ight to in-fl ight levels in Pilot A (98 – 97%), 

Pilot B (98 – 97%), and the rear-stationed crewmember (100 –

 99%) decreased by 1%, but this degree of decrease is not consid-

ered clinically signifi cant. Note that oxygen saturation is generally 

not aff ected by altitudes less than 4921 ft  (1500 m), and the air-

crew remained below this altitude.   

 DISCUSSION 

 Th e key fi nding across all three evaluations is that all mask 

types allowed for appropriate communications within aircraft , 

between aircraft s, and between the aircraft  and ATC. However, 

to achieve communications that met current defi ned standards, 

as measured by the MRT and defi ned by MIL-STD-1474E, the 

microphone required placement adjustments dependent upon 

mask type. Specifi cally, the N95 3M TM  1860 mask allowed the 

clearest communications compared to the other two masks. 

Given this N95 model does not have a respirator valve device, 

the pilot was able to press and maintain the microphone boom 

closer to the mouth without apparent compromise to the mask 

seal. Similarly, pilots reported that the COTS cloth mask did 

not inhibit communications between crewmembers or ATCs 

when the microphone was inside the mask. Th e pilot was able 

to press and maintain the microphone boom close enough to 

the mouth without apparent compromise to communications. 

 Workload during the  “ perform radio communications ”  task 

was highest with the N95 mask compared to that reported for 

the other mask types. Furthermore, workload ratings reported 

by the talker were considered high in comparison to those pro-

vided in a study including a similar communication function,  3   

and in a recent meta-analysis of NASA-TLX ratings which 

compiled data reported for 152 pilot/aircraft  studies.  5   Alterna-

tively, the listeners during radio communications procedures 

rated overall workload during this task as low. Th e disparity in 

workload between the talker and listeners in the fi rst evaluation 

may be due to the pilot wearing the mask having to repeat him-

self multiple times. Of note, with the exception of the student 

pilots in the third evaluation, the aircrew performed routine 

tasks in a familiar airspace. Th erefore, the eff ects of varied fl ight 

conditions on workload given the wear of the various masks 

remains unknown. 

 Regarding comfort and usability measures, wear of the N95 

and prototype masks indicated some challenges with speech 

intelligibility and heat. However, the COTS mask ratings did 

not reveal adverse ratings on these attributes and wear of these 

masks was associated with the highest, or best, ratings for heat 

stress and speech intelligibility. Of note, the N95 mask showed 

the lowest (worst) rating for heat stress, but the ambient tem-

perature was highest during that evaluation. Th e N95 was also 

associated with comfort issues and described as moderately 

uncomfortable postfl ight. Th e cloth prototypes received dispa-

rate comfort ratings among users, and the COTS mask was 

associated with mild discomfort on average. 

 Th is study was an operational test conducted under great 

time pressure, as guidance for aircrew was urgently needed by 

Army aviation leaders. In order to provide guidance, certain 

aspects of a typical well-controlled evaluation were sacrifi ced. 

Among these were sample size, selection, and range. Also, as 

the tests progressed, methods were evolved, making compari-

sons across mask types diffi  cult. Finally, these tests did not 

attempt to evaluate the eff ectiveness of any of the protective 

mask variants in preventing the spread of coronavirus. 

 Although some discomfort and degradation to speech intel-

ligibility were noted, overall, all three mask types resulted in 

speech intelligibility well within current defi ned standards 

given proper microphone confi guration relative to the mask. 

Additionally, while workload increased during the radio com-

munications tasks, the TLX scores reported were considered 

within acceptable ranges. Th is abbreviated evaluation suggests 

that the face masks tested are safe for use by helicopter aircrew 

under the conditions tested.     
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 Table II.        Comfort and Experience Questionnaire Responses on a Scale of 0 (Worst) to 5 (Best).  

  MOBILITY

HEAT, OUTSIDE 

TEMPERATURE IN °C

VISION: FIELD 

OF VIEW VISION: OBSCURATION

SPEECH 

INTELLIGIBILITY  

  N95 5.00 1.00, 34 5.00 3.00 2.00 

 Cloth prototype 3.00 (1.00) 1.67 (0.58), 30 4.00 (0.00) 3.67 (1.53) 2.67 (0.58) 

 COTS CH-47 Aircrew 4.00 (1.21) 2.42 (1.37), 27 3.33 (1.15) 2.50 (1.31) 3.00 (1.48) 

 COTS UH-60 Aircrew 4.60 (0.55) 3.40 (0.89), 24 3.80 (1.30) 3.80 (1.30) 4.00 (0.71)  

   COTS: commercial off -the-shelf. Standard deviations are in parentheses with the exception of the N95 evaluation due to only one evaluator.   
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