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Abstract 

This project addresses the challenge of wearing masks in sport. Although it is recommended 

that masks are worn when a distance of 2 metres cannot be maintained between people, 

masks are not currently worn during outdoor sports. 

 The aim of this project is to investigate the impact of mask wearing on a person’s 

cardiovascular performance. I ran a standard 15 metre beep test with students in my school 

aged between 13 and 15 years old to investigate the effect cotton masks have on their 

cardiovascular performance. I measured the level reached by each participant on the beep 

test. I performed a t-test to calculate the effect the masks had on their performance.  

There was a significant (p < 0.05, 95% CI) impact of mask wearing on the student’s 

performance. This was a negative effect on their cardiovascular performance although it is 

not dramatically detrimental to a reasonable performance. This was found for both individual 

year groups and the entire population studied. 

I sent a survey out on social media and to sporting clubs to find out people’s thoughts on 

mask wearing while playing sport.  

I gave the students who completed the beep test surveys to gain information on the comfort of 

mask wearing during the test. I found that many participants felt that it was difficult to breath 

while they were running and wearing a mask. Many of the participants said that their mask 

was falling off which is easily fixed by purchasing a properly fitted mask. Heat, moisture and 

feeling on face were also issues mentioned in the survey. A way to combat this and to 

increase performance while wearing a mask would be a mask designed specifically for sports. 

There are a few examples of sports masks for sale. Although they are effective in the area of 

comfort which would most likely increase performance as they are more breathable, these 

masks are expensive and would not be options for low-income players and families. There is 

still much work to be done to develop and make available cost effective masks for sport. 
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Introduction 

This project addresses the challenge of wearing masks in sport. As a result of the Covid-19 

pandemic, the wearing of masks is recommended where a 2-metre social distance cannot be 

maintained between 2 or more people. Although the wearing of masks is mandatory for indoor 

sports, this is not the case for outdoor sports even though a distance of 2 metre is not maintained  

between participants for more than 15minutes (the maximum time recommended to spend this 

close to another person without a mask on). In this project I will investigate the effect masks 

have on sporting performance. There is much research about masks and their efficiency but 

none from the perspective of sporting performance although it is widely assumed masks have 

a strongly negative impact on sporting performance. This is case because masks can be 

uncomfortable for people to wear for example the straps, the heat and an increase in dampness. 

It is widely believed by many people that the wearing of masks changes the carbon dioxide to 

oxygen ratio inhaled. This is true for medical/disposable masks but is not dangerous to health 

unless a person has an underlying respiratory condition. However, the wearing of fabric masks 

does not change the carbon dioxide to oxygen ratio inhaled although less air is being breathed 

in.  

I have discovered from my beep tests that fabric masks do indeed affect cardiovascular sporting 

performance. I also found from surveys given to the participants in this experiment that it was 

difficult to breath in the masks while running and that moisture, heat, the feeling of a mask on 

their faces and the mask falling off were issues. A solution I found to this was a sports specific 

mask. This mask would be designed with slightly more breathable materials (while still being 

effective in preventing Covid-19 transmission) has a cooling material, a soft structure to keep 

off of a person’s face while not injuring anyone during a close contact game such as soccer or 

basketball, has comfortable adjustable straps and stays up over the nose. There are a few masks 

like this on sale but they are expensive and would not be an option for low-income families 

and players. There is still much work to be done to develop and make available cost effective 

masks for sport. 

 

My motivation for this project; 

I am a member of a girls Gaelic football team and I also play Gaelic football for my school. 

When my team went back to football training and matches after the nationwide lockdown, we 

did not wear masks, nor did we maintain a social distance of 2 metres between one another. It 

Commented [ln1]: Fact check 
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is generally argued that the risk of Covid-19 transmission is low when outdoors. However, for 

droplets between 60 and 100 micron, typical for droplets that contain viruses, these expelled 

large droplets can be carried more than 6 m away by exhaled air at a velocity of 50 m/s 

(sneezing), more than 2 m away at a velocity of 10 m/s (coughing) and less than 1 m away at 

a velocity of 1 m/s (breathing). (https://pubmed.ncbi.nlm.nih.gov/17542834/). Other studies 

have shown that droplets may travel up to 8 m and SARS-CoV-2 can travel up to 4 m. 

An example that really made me think about this is a football match where for 30 minutes I 

stood beside another player from another team without a mask as the play was taking place 

elsewhere on the pitch. If one of us had Covid-19, there is a high chance the other would have 

become infected, with the well-known subsequent consequences of coronavirus infection that 

follow. 

In a search of the literature of this topic beginning at the start of September I have so far found 

no  evidence to support either, the not wearing of masks for outdoor sports or the common 

assumption that masks affect sporting performance negatively. On this basis I wanted to 

investigate if wearing masks has a negative impact on sporting performance. 

 

Figure 1: Image from CIT using laser light to show how wearing a mask eliminates the majority of airflow from 
the mouth. 

 

Figure 1 shows a very clear example of the effectiveness of a mask on preventing transmission 

of air and droplets from the mouth and nose. The medical dummy on the left is wearing the 

mask and the medical dummy on the right is not. The dummy without the mask is expelling 

considerably more droplets into the air. The demonstrated effectiveness of wearing a mask on 

reducing the chances of transmission means that masks are now required when travelling on 

public transport, in enclosed spaces, in schools and other areas where physical distancing is 
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difficult. However, their impact on sporting performance, whether negligible or non-negligible, 

remains to be convincingly demonstrated. 
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Literature Review 

Background 

The Covid-19 pandemic 

On 30th of December 2019 the first cluster of a novel coronavirus (originally called viral 

pneumonia), related to SARS (which tore through Asia in 2003) was confirmed in Wuhan, 

China. In the first week of January 2020, WHO (World Health Organisation) activated its 

emergency response, informed other agencies and started investigating this cluster. By January 

11th, the Coronavirus had been sequenced, while the first death had been reported. By January 

16th Thailand and Japan had reported cases. By January 24th, the USA and France had reported 

their first cases. By January 30th this was declared a public health emergency. At this time there 

were cases in 18 countries and evidence for human to human transition. On February 5th WHO 

began daily media briefings. On February 11th, the disease caused by this novel Coronavirus 

was named Covid-19. By mid-February WHO and other organisations had identified 

approaches for addressing coordinating monitoring and responding to the coronavirus.  By 

February 25th there were cases in Africa. On February 29th the first case of Coronavirus was 

confirmed in Ireland. By the end of February, the WHO had published guidance on the use of 

PPE (Personal Protective Equipment) and quarantine in the context of containment. On March 

7th 100,000 had been confirmed. For context, by mid-May there were 94,000 daily cases and 

since the end of October 2020 the daily number of cases is over 650,000. Figure 2 shows the 

data from Johns Hopkins University for the number of worldwide cases (top panel) and deaths 

(bottom panel).  

In Ireland the first briefings began the same day as the first case. By the end of the first week 

of March 2020 the first cluster was confirmed, companies were asking staff to work remotely 

hospitals and nursing homes banned visitors and the first cases in schools and Trinity college 

were identified and a school was closed. By March 11th community spread was increasing St 

Patricks Day parade were cancelled, all travel to Italy was banned, wage supports were being 

introduced and the first death was recorded. On this day, WHO declared a worldwide 

pandemic. 
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Figure 2: Data from Johns Hopkins University for the number of worldwide cases (top panel) and deaths 
(bottom panel). 

 

At 11.29am on March 12th schools colleges and childcare facilities were shut down. Woking 

from home was recommended for all non-essential workers. That weekend, pubs were closed 

and the number of cases rose sharply. On March 24th, all non-essential shops and activities were 

closed and cancelled, while on March 27th everyone was ordered to stay at home. This was the 

beginning of the lockdown.  There was a significant struggle for the health authorities in dealing 

with the spread of the virus, a severe shortage of PPE for doctors and nurses, and availability 

of hospital and ICU beds. Over the next 6 to 9 months we have seen a gradual reopening of the 

country, but the spread of Covid-19 still hangs over Ireland. Mask wearing and social 

distancing are still required in December 2020.  

The Irish government published the five level plan for living with Covid-19 on September 15th 

2020 (https://www.gov.ie/en/campaigns/resilience-recovery-2020-2021-plan-for-living-with-

covid-19/) in an effort to move Ireland from a short-term emergency response to a medium-

long term approach to living with Covid-19. Unfortunately, On October 22nd, 2020, Ireland 

moved to level 5 which meant a complete cessation of non-elite sports, including training, 

matches and events. The wearing of face masks or coverings is now mandatory on public 
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transport, in shops and other areas where it is difficult to keep a distance of 2 metres from other 

people. On December 1st Ireland moved back to level three. 

 

What is Covid-19? 

Viruses infect humans by a process known as Pathogenesis defined as the process by which an 

infection leads to disease. Pathogenic mechanisms of viral disease include  

(1) implantation of virus at the portal of entry – where the virus enters  

(2) local replication – copying of the virus in the host  

(3) spreading to target organs (disease sites),  

(4) spread to sites of shedding of virus into the environment through transmission via droplets 

from coughing or sneezing.  

Factors that affect pathogenic mechanisms are (1) accessibility of virus to tissue, (2) cell 

susceptibility to virus multiplication, and (3) virus susceptibility to host defences. 

Viruses implant onto living cells mainly via the respiratory, gastrointestinal, skin-penetrating, 

and genital routes although other routes can be used. The final outcome of infection may be 

determined by the dose and location of the virus as well as its infectivity and virulence. 

 

Figure 3: Mechanism of viral infection of human cells.  

 

In living organisms, cells are always sending signals to other cells. A receptor is a protein 

molecule (made up of amino acids) that receives a chemical signal and this can cause changes 
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to the protein and therefore the cell. Covid-19 is caused by a novel coronavirus, known as 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Figure 4 (A) shows the 

structure of the virus. It is about 100 nm diameter and is an almost spherical shape composed 

of a protein encased in a fatty membrane which protects the RNA of the virus that is the genetic 

code of the virus.  

The so-called spike (S) protein of SARS-CoV-2, Figure 4 (B), extends from the surface and 

plays a key role in the receptor recognition at human cells and the subsequent fusion with the 

cell membrane. It is composed of two subunits, S1 and S2. The S1 subunit contains a receptor-

binding domain that recognizes and binds to the host receptor, which is called the angiotensin-

converting enzyme 2 (ACE-2). The S2 subunit mediates the viral cell membrane fusion by 

forming a six-helical (screw-like) bundle. Antivirus drugs generally target the Spike protein of 

SARS-CoV-2. 

A B 
Figure 4: A: Image of SARS coronavirus showing the spherical protein, RNA and the spike protein, B: all atom 
Molecular Dynamics structure of the spike protein, where the spike is at the top of the image.  

 

The Challenges of Covid-19 

The most difficult challenge of dealing with the SARS-CoV-2 virus is suppressing the 

transmission of the virus, because we have already seen that when lockdown restrictions are 

eased the incidence of the virus grows very quickly. Figure 5 shows the daily number of cases 

in Ireland since the confirmation of the first case. This figure clearly shows that when we relax 

restrictions the number of cases confirmed rises quickly.  
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The restrictions in place to slow the spread of the virus are challenging in themselves. These 

challenges include: the shutting of businesses resulting in a high unemployment rate, the 

requirement to work remotely which removes the usual opportunities for socialising, the 

requirement to wear facemasks can be inconvenient (and there is a vocal minority against mask 

wearing) , the fact that all non-elite sport has been cancelled, the strain on government finances 

because this unanticipated pandemic and the increased employment support costs (pandemic 

unemployment payment, temporary wage subsidies) and the challenge of maintaining a 

distance of 2 metres between other people at all times. 

 

Figure 5: daily number of Covid-19 cases in Ireland since the diagnosis of the first case. 

 

Just this month we have seen the introduction and approval of the first vaccinations against 

covid-19. These appear to be extremely effective and offer a real opportunity in dealing with 

the virus. However, it is going to take time to roll out and administer the vaccine to at least 

60% of the Irish population which is required to ensure sufficient herd immunity. Therefore, 

many of the measures in place will have to continue well into 2021. This means that the 

challenges just described, including those for sport will not disappear anytime soon. In 

addition, there have been many pandemics throughout human history including the black death 

of the 14th century and the post world war one influenza pandemic that is still a potential threat. 

With the growing problem of climate change pandemics and the spread of new viruses has 

become increasingly likely so even if we can contain the spread of Covid-19, there will always 

be another new virus to deal with. 
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Therefore, in the context of my project, the question of the impact of masks on performance 

in sport, is still highly relevant and worthy of investigation. 

 

Importance of Sport 

Sport helps develop a sense of friendliness among people and develop both team spirit and 

cooperation. It helps children to develop mental and physical toughness. Sport shapes a child’s 

body and it makes them strong and active. Children should actively participate in sports to 

avoid being tired and lethargy. 

Playing sports helps to support the immune system, helping to maintain physical and mental 

coordination, enhancing body strength and improving mental power. Playing sports on a 

regular basis helps build the character and health of a person. 

The UN has stated that “Sport is a major contributor to economic and social development.” 

The Political Declaration of the 2030 UN Agenda, reflects on “the contribution sports make to 

the empowerment of women and of young people, individuals and communities, as well as to 

health, education and social inclusion objectives.” 

(https://www.un.org/development/desa/dspd/2020/05/covid-19-sport/). 

 

Background to Masks 

Medical, surgical and respiratory masks are commonly used as protection against respiratory 

and other infections. Medical masks are used in healthcare and community settings to protect 

from droplet infections as well as sprays and splashes of blood and other fluids. They are also 

used for source control to prevent the spread of infection from sick or asymptomatic people. 

Figure 6 shows photographs of a range of masks. 



Reference Number: 3350                                                 Leah Nolan 

13 
 

 

Figure 6: gallery of different masks. The N95-1/N95-2 are N95 respirators, S-1, S-2, O-1 are surgical masks. 
CS-1 to CS-6 are cotton twill. CC-1 to CC-8 are cone shape dust masks. CD-1 is a duck bill mask. 
 
In the early 20th century a number of worldwide and local pandemics saw a wide use of cloth 

face masks in healthcare situations. These lowered the rate of respiratory infections during the 

1918-19 infuenza pandemic and the Manchurian (China) pandemic 1920-21 and a California 

pandemic 1924. During the 2003 SARS outbreak in China, cloth masks were widely used and 

observational studies indicated that these were effective. 

In the current pandemic situation we are required to leave the N95 and surgical masks available 

for the exclusive use of the frontline staff and healthcare workers which is why the performance 

of cloth masks is important. In addition, surgical masks are disposed of after use which is 

introducing a significant environmental strain. By contrast, cloth masks are washable and 

reusable and can be washed in your regular washing machine on a 60oC cycle. 

A 2015 study from Chughati and others in Vietnam found that rates of infections among 

healthcare workers wearing cloth masks were higher than those wearing medical masks. 

However, this may have been due in part to poor washing of the masks and moisture build-up 

and contamination. In addition, the same authors found that filtration effectiveness of cloth 

masks is lower than medical masks and respirators. 

Filtration efficiency, FE, is a common metric for reporting the particle capture efficiency of a 

material and is determined as follows: 
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𝐹𝐸 = 1 −        (1) 

Here ND and NU are the downstream and upstream density of particles per volume of air; here 

ND number of particles passed through the filter and NU particles were captured by the filter. 

Multiple by 100 to get a percentage, which is the usual reporting style. In simple terms, if more 

particles are captured by the masks, then the fraction ND/NU gets smaller (tends to such a small 

value that it is effectively 0), so that the term on the right hand side tends to 1 and the FE is 

close to 100%. 

The FE of masks is a complicated function of many parameters, including thread count, number 

of layers, type of fabric, water resistance and whether the material is charged or not. One issue 

with cloth masks is they do not fit tightly around the face. However, some studies have shown 

that an extra layer of nylon around the mask improves filtration by making a better physical 

barrier and reducing gaps between the mouth and mask edges. Air tends to flow the direction 

of least resistance and therefore any gaps present provide a channel for the air to flow. In 

addition, nylon is a charged material, helping the electrostatic capture mechanism. Enhanced 

protection can be obtained by using multi-layered masks, water resistant fabrics, a high number 

of threads and a finer thread weave. Useful materials for cloth masks include cotton, silk, 

polyester.  

In addition to source control, community, non-healthcare use of cloth masks can also help 

reduce the risk of transmission from people who are asymptomatic or presymptomatic with the 

virus. Cloth masks can also be used to protect from acquiring respiratory infections. 

At the start of the pandemic it was not recommended that people wear masks. However, as 

cases rose masks became increasingly required in many countries. As Ireland started to reopen, 

it became compulsory, and still remains so, to wear face masks in areas where it is difficult to 

social distance such as Second level schools, third level institutions, shops, public transport, 

cinemas and personal services such as hairdressers. Although mask wearing was recommended 

for indoor sports, it was not recommended for outdoor sports, even for sports where it is 

difficult to social distance such as football and soccer. However, as part of this mandate for 

mask wearing, education of people is important. This is because a false sense of protection may 

be given to the public and the general public needs to understand how to correctly and safely 

put on and take off masks to reduce the risk of unintended infection; in particular removing a 

mask is very high risk because any pathogens present on the outer surface may result in self-



Reference Number: 3350                                                 Leah Nolan 

15 
 

contamination. Table 1 presents a detailed set of useful recommendations from Chughtai et al 

on the use of cloth masks. 

 

Table 1: A set of recommendations regarding the composition and use of cloth masks. 

In a recent study in ACS Nano, Zangmeister and others published an extensive investigation 

of the filtration efficiencies of a range of masks for SARS-CoV-2. The key problem in 

preventing transmission is to reduce exposure to micrometre (1 millionth of a metre) sized 

droplets and nanometre (billionth of a metre) sized aerosols, which are the typical sizes relevant 

to the virus – the core is 0.9 micrometre diameter while the spike proteins are 20nm. FE 

depends on particle diameter, the flow rate through the filter and the nature of the filter. It is a 

general fact that the FE of cloth masks is much lower than surgical masks and facepiece 

respirators such as the FFP2 and N95, which are required to have FEs > 94% and > 95%. In 

this paper, 32 cloth materials were compared to non-cloth masks using cotton, wool, synthetic, 

synthetic blends and synthetic/cotton blends. They also measured the differential pressure, 

which is a measure of the breathability of the mask (this is measuring how easily air is passed 

from one side to the other – the higher the value of this pressure, the more difficult it is to pass 

air through the mask, but it signifies better filtration).  
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Figure 7: Measured FE (Y-axis) for a twill cloth mask, compared to a surgical mask, the N95 and the base filter 

layer of the N95, as a function of particle diameter. Blue/Green = cloth masks, pink = surgical masks, black = 

N95, orange = N95 filter 

 

Figure 7 shows the measured FEs for a typical Twill based cloth mask (blue and green circles), 

compared with a surgical mask (pink), the N95 respirator (black) and the base fabric of the N95 

(orange). The N95 based respirator is highly effective with > 95% FE. By contrast, the cloth 

mask never achieves greater than 50% FE, while a surgical masks reaches a maximum of 80%.  

Figure 8 shows the filtration efficiency as a function of the number of layers in a cloth mask, 

for a range of particle diameters (along the X-axis), in which the FE is displayed as the number 

of particles (N) that pass through. Figure 8 B shows the FE as a function of the number of layers 

(with the same colour scheme as part A). Here we can see that increasing the number of layers 

reduces the number of particles that pass through the mask, which results in an enhanced FE. 

In Figure 8C the measured differential pressure across the mask material is shown as a function 

of the number of layers. This pressure increases as the number of layers in the mask increases. 

Observing that the grey line is the maximum (US government) mandated pressure for use in 

masks, we can see that at 5 layers the pressure is too high. Thus the difficultly in breathing 

increases with the number of layers. However, we already saw that the FE increases, so that 

the choice of the number of layers in the mask is a compromise between the FE and difficulty 

in breathing. Finally, figure 8 D show the minimum, i.e. worst, measured FE as a function of 

the number of layers. 
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Figure 8: A: Filtration efficiency as a function of the number of layers in a cloth mask, for a range of particle 

diameters (X-axis), in which the FE is displayed as the number of particles (N) that pass through. B: FE as a 

function of the number of layer (same colour scheme as part A). C: Measured differential pressure across the 

material as a function of the number of layers. Here the grey line is the maximum (US government) mandated 

pressure for use in masks. D: The minimum measured FE as a function of the number of layers. 

 

Figure 9 shows microscope images of a range of fibres typically used in cloth masks. These 

include cotton from a hand towel (9A) from a light cotton flannel (9B1,B2) and from a pillow 

case (9D). Figure 9 C and E show different polyester fabrics. 

 

Figure 9: Microscope image of a range of cloth mask fibres. A: Cotton Hand towel. B1: outer surface of light 

flannel cotton. B2: Inner surface of the cotton in B1. C: Polyester fibre, typically used in clothes D: Cotton from 

pillowcase material E: Soft spun polyester 
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Figure 10: Left panel show the particle removal efficiency (blue dots, right hand Y-axis) and the particle counts 

in the room (red dots) and particle counts in the mask (left hand Y-Axis) as a function of time. The right panel 

compare the particle removal efficiency of a range of cloth masks, comparing normal cloth masks and the same 

masks modified with a nylon overlayer. 

 

In figure 10 we show data obtained for the particle removal efficiency for a range of cloth 

masks. The left hand panel of Figure 10 shows that the removal efficiency varies over time and 

lies typically between 40% and 70% efficiency. By contrast, an N-95 respirator shows 100% 

removal and stability over the same time. The particle count plots show the number of particles 

in the room (red dots) and the number of particles that went through the mask (green dots), 

showing that a substantial number of particles can diffuse through the cloth mask and that this 

is not stable over time. 

The right hand panel of figure 10 compares the particle removal efficiency of a selection of 

different cloth masks, where these are both unmodified and modified with a nylon overlayer. 

The latter is used because it can enhance the electrostatic capture of the particles and it provides 

a further layer that eliminates gaps around the mouth. This show that the nylon overlayer can 

significantly enhance the particle capture efficiency. The other finding is that there is notable 

spread of capture efficiencies for these masks. However, the cone shaped dust masks show 

quite good capture efficiencies. 

 

Work on impact on sports 

There have not been many studies on the effects of mask wearing on sporting performance. 

There have been a few studies on the effect disposable/medical masks have on sporting 
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performance (put paper here). I have not been able to find any studies on the effect of fabric 

masks on peoples sporting performance although it is widely assumed that they negatively 

affect a person’s sporting performance. There are many opinion pieces by medical 

professionals e.g. put paper here that predict masks have a negative impact on performance but 

if a person uses the mask over a period of time, they can get used to the mask and perform at 

normal levels. These papers suggest that the mask could improve sporting performance as when 

a person does sport without the mask again, they will find it easier. This is compared to a runner 

always running up hills and then running a flat. The flat always seems easier. 

These papers recommend nasal breathing while playing sport with a mask on to prevent 

moisture build-up. The ratio of carbon dioxide to oxygen does not change when wearing a 

mask contrary to belief although the amount of air inhaled is lower and can make a person feel 

like they cannot breath although physically this is not the case.  

As an example of a specific effort to develop sport specific masks, there is a recent report by 

ETH Zurich where they described the creation of a mask specifically catered towards ice 

hockey. Figure 13 (top left) show an image of typical respiratory masks, both without and with 

vents and filters. As produced these masks are not suitable for sports. The team decided to 

combine elements of each mask to prepare a test mask. The top right panel of figure 13 shows 

a sketch of the prototype and the components needed, while the bottom panel of figure 13 

shows the prototype produced.  

 
Figure 13: Top left: images of typical respiratory masks, both without and with filters and vents. Top right: 
sketch of the prototype mask prepared for the ice hockey protective equipment. Bottom: photograph of the 
prototype mask fabricated for testing in ice hockey. 
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Figure 14: Infographic showing guidelines for using a mask while exercising. 

Figure 14 summarises useful guidelines for using a mask while exercising, which would also 

be valid for use in sports. 
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Experimental Methods 

 

The Guidance from Sporting Organisations in Ireland 

As part of my research into the impact of wearing a mask on sporting performance, I wanted 

to investigate the guidance on wearing masks from a range of sporting organisations. To 

obtain this information, I emailed the following sporting organisations, to find out their 

opinions on mask wearing in sport. 

Sport Ireland 

The GAA 

The LGFA 

The Camogie Association 

The IRFU 

The FAI 

Golf Ireland 

Tennis Ireland 

Athletics Ireland 

Unfortunately, only 5 of these organisations emailed me back with any response, which was 

very disappointing. The Camogie Association the LGFA and the GAA had the same initial 

response. This response was that they are following government guidelines and added no 

extra details.  

Upon emailing back the GAA I receive the following more detailed response: 

The GAA, LGFA and Camogie Association all follow the same guidelines. 

On masks, currently the GAA are encouraging all club members to follow the 
Government Guidelines and advice. Clubs may insist that coaches wear masks, we are 
aware of many who are doing this. 

 As regards players wearing masks, the current stance is it is not practical nor is it 
currently being carried out in any comparable field sport in the world at the moment 
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I also received a detailed response from Golf Ireland. This is a copy of the email they sent 

me: 

To date I have not received any response from the other organisations apart from an 

automated response about Six Nations tickets from the IRFU. 

  

The beep test 

Progressive Aerobic Cardiovascular Endurance Run (PACER) test is the version of 

the beep Test that I have used. 

The 15m beep test is a maximal running aerobic fitness test, a variation of the 20 meter shuttle 

run or beep test. This test was developed by Loughborough University in 1995 for the UK Met 

Police Service. This shorter version was created to cater for those with less room to conduct 

the longer 20m test and is used as the aerobic assessment for UK Police and Fire Services. This 

test involves continuous running between two lines 15m apart in time to recorded beeps. The 

participants stand behind one of the lines facing the second line and begin running when 

instructed by the recording. The speed at the start is quite slow. The subject continues running 

between the two lines, turning when signalled by the recorded beeps. After about one minute, 

a sound indicates an increase in speed, and the beeps will be closer together. This continues 

1. Is it your view that masks should be worn while playing golf? 

We will recommend all necessary public health requirements are adhered to when golf is 
allowed to resume. As golf is an outdoor, non-contact and very social distanced sport, it 
is not my view that masks should be worn, but golf will follow public health advice at all 
times. 

2. Is it your view that cotton masks negatively impact performance of a golfer and if so 
how? 

No. 

3. Are you aware of any data on the impact of cotton masks on sport performance? 

No. 

4. Do you think sport specific masks are a useful concept? 

For some sports and activities there may be benefits. 

 5. Could golf be allowed for non-elite players at higher Covid-19 restriction levels 
(where sport for non-elite players is currently not allowed) if masks were worn? 

This is a public health matter, as per my answer to question one 
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each level. If the line is reached before the beep sounds, the subject must wait until the beep 

sounds before continuing. If the line is not reached before the beep sounds, the participant is 

finished and their level is recorded. 

The athlete's score is the level and number of shuttles (15m) reached before they were unable 

to keep up with the recording. Record the last shuttle completed (not necessarily the shuttle 

stopped at). The standard level for the beep test for UK police is level 5.4. 

Although the beep test is primarily a fitness test of the aerobic energy system, there is a range 

of other factors that can affect performance in the test and are important to consider. These 

include running efficiency and turning technique, anaerobic capacity, motivation and social 

dynamics, motor skills and cognitive ability (especially in children), environmental 

differences, clothing and running surfaces, test familiarization and instructions, the purpose 

and context of testing. 

                            These are the instructions I sent to my teachers. 

1. Download the PACER app from the google play store or apple app store. (The app will have 

instructions on how to conduct the beep test.) 

2. Mark out a distance of 20m. 

3. Separate students into two groups. Group A and Group B. 

4. Line up Group A (wearing cotton masks) on one side. (see Figure 15) 

5. Open the PACER app. Press the start button. 

6. On a beep, participants run from one end to the other end before the next beep. (cones etc will 

identify these sides, Figure 15) 

7. Participants must start running to another side only once they hear next beep. 

8. Participants must repeat this until they either: 

Fail to reach a side before the next beep or become too tired to continue. 

9. Each time a student drops out note down the level they reached (e.g. 6.4, 7.8) 

10. Stop the test when the last student drops out. 

11. When Group A has finished their run line Group B up on one side with cotton masks on. 

(maintaining a distance of 2m between each participant) 

12. Repeat steps 5 to 10. 
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https://www.topendsports.com/testing/tests/20mshuttle.htm 

Figure 15: Simplified diagram of the layout of the beep test 

This is then repeated the next day without masks. 

Safety  

An important safety concern while running the beep test was the potential spread of Covid-19. 

I made sure that students were safely distanced from one another while they had no masks on 

and while they were wearing masks. I also made sure to tell participants that if they felt sick in 

any way either before or during the test to stop immediately. 

Challenges of doing the beep test 

Getting a chance to do the beep test with other students was difficult especially with Covid-19 

restrictions but my school was very supportive. I ran the beep test with 3 classes. Unfortunately, 

the first class I ran the beep test with did not go well and afterwards I changed my methods and 

therefore too many variables were different. I used a different level and ran multiple tests for 

the same people on the same day. This meant having to re do these tests and this could not be 

facilitated in the time available. However, this test was nonetheless a useful practice for the 

other tests and would do and allowed me to address and teething problems. 

I ran the subsequent beep tests with a more reliable method with a second year class and a 

third year class. These tests went well although it was a challenge trying to keep track of 

people dropping out as many students would drop out at simultaneously. 

I also gave the students short surveys to complete after finishing the beep test with a mask on.  
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Survey on Mask Wearing 

I prepared an online survey using google forms to gather information on people views on 

mask wearing in sport. The link to the survey is 

https://docs.google.com/forms/d/e/1FAIpQLSf9-

3KybZLHNXbnr91ZO9zx3Y6QXDOIMdqgInso2KYZQ-P2Ew/viewform?usp=sf_link 
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Analysis of Results 

 

Beep Test 

The following tables, Tables 2, 3 and 4, show the recorded data for the beep tests without and 

with the mask for 2 groups. These are a second year class and a third year class, both from 

Loreto Fermoy. The tables present the recorded levels for each participant. 

2nd year St Cecilia 

 Without With Difference 

 2.02 2.06 -0.04 

 5.04 3.10 1.94 

 4.00 3.01 0.99 

 5.01 3.09 1.92 

 3.05 3.03 0.02 

 3.04 3.01 0.03 

 2.08 2.06 0.02 

 3.09 3.09 0.00 

 4.01 4.04 -0.03 

 3.09 2.07 1.02 

 5.04 4.08 0.96 

 4.05 3.09 0.96 

 2.02 2.07 -0.05 

 5.06 5.05 0.01 

 2.04 3.02 -0.98 

 4.02 4.00 0.02 

 3.09 3.01 0.08 

 4.03 4.11 -0.08 

 5.03 3.04 1.99 

 3.02 2.07 0.95 

 2.04 2.09 -0.05 

 3.09 3.01 0.08 

 2.02 2.02 0.00 

 2.02 2.01 0.01 

 6.07 5.07 1.00 
Average 3.48 3.05 0.43 
Standard  
Deviation 1.23 0.91 0.75 
Range 2.02 to 6.07 2.01 to 5.07  

T TEST t = -2.86924. p = .00845 
significant to 95% 
CI 

Table 2: Beep test results for the second year group 
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3rd year St Anne’s 

 Without With Difference 

 2.03 3.04 -1.01 

 2.04 2.04 0.00 

 4.02 3.04 0.98 

 5.06 3.05 2.01 

 3.01 3.04 -0.03 

 2.09 2.08 0.01 

 4.02 3.04 0.98 

 4.01 3.04 0.97 

 4.02 3.01 1.01 

 6.02 5.02 1.00 

 3.01 3.01 0.00 

 8.09 7.00 1.09 

 6.05 5.06 0.99 

 3.03 3.00 0.03 

 4.00 2.05 1.95 

 4.07 4.02 0.05 
Average 4.04 3.41 0.63 

Standard 
Deviation 1.64 1.30 0.80 
Range 2.03 to 8.09 2.01 to 7.0  
T TEST t =  -3.129563 p = .00689 significant to 95% CI 

Table 3: Beep test results for the third year group 

In each table I also show the average for the group with and without a mask, together with the 

standard deviation and range. The t-score is also shown in these table along with the p-value 

which is used to decide the significance of the results. 
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All Participants 

 Without With Difference 

 2.02 2.06 -0.04 

 5.04 3.10 1.94 

 4.00 3.01 0.99 

 5.01 3.09 1.92 

 3.05 3.03 0.02 

 3.04 3.01 0.03 

 2.08 2.06 0.02 

 3.09 3.09 0.00 

 4.01 4.04 -0.03 

 3.09 2.07 1.02 

 5.04 4.08 0.96 

 4.05 3.09 0.96 

 2.02 2.07 -0.05 

 5.06 5.05 0.01 

 2.04 3.02 -0.98 

 4.02 4.00 0.02 

 3.09 3.01 0.08 

 4.03 4.11 -0.08 

 5.03 3.04 1.99 

 3.02 2.07 0.95 

 2.04 2.09 -0.05 

 3.09 3.01 0.08 

 2.02 2.02 0.00 

 2.02 2.01 0.01 

 6.07 5.07 1.00 

 2.03 3.04 -1.01 

 2.04 2.04 0.00 

 4.02 3.04 0.98 

 5.06 3.05 2.01 

 3.01 3.04 -0.03 

 2.09 2.08 0.01 

 4.02 3.04 0.98 

 4.01 3.04 0.97 

 4.02 3.01 1.01 

 6.02 5.02 1.00 

 3.01 3.01 0.00 

 8.09 7.00 1.09 

 6.05 5.06 0.99 

 3.03 3.00 0.03 

 4.00 2.05 1.95 

 4.07 4.02 0.05 
Average 3.70 3.19 0.51 
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Standard  
Deviation 1.41 1.08 0.77 
Range 2.02 to 8.09 2.01 to 7.0  

T TEST t = -4.235307 p = .00013 
significant to 95% 
CI 

 

Table 4: Beep test results for the full set of participants. 

 

My results for these groups show that wearing a fabric mask does have a significant effect on 

cardiovascular performance as the p value is 0.0013 which is less than 0.05. This means that 

the result of the experiment is significant to 95% confidence interval. There are differences 

between the average levels reached with and without a mask, in which the average level with 

a mask is lower. Although there is a statistically significant effect on cardiovascular 

performance, I would argue it is not detrimental to overall performance and sport can still be 

played although with partially reduced performance.  

The third years had a higher average, which is to be expected as they are older. At the same 

time, the standard deviation of the third years was larger. The statistically significant negative 

effect of the mask was also seen in the individual year groups suggesting that the impact of 

wearing a fabric mask is a general phenomenon. 

Figure 15 shows these data in a graphical form. 

 

Figure 15: The average beep test level of each year group with and without a mask. I also show the average of 

the difference in the beep test level reached. (difference = [level without mask] – [level with mask]) 
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Beep test survey analysis 

After the beep test I gave each participant a short survey (shown on page 24). 39 Participants 

completed the survey. All participants wore a fabric mask during the beep test.  

Figure 16 shows the answers participants gave when asked to rate how comfortable it was to 

exercise with the mask on. The majority of participants said 1 or 2 which means they found 

the masks very uncomfortable. This was to be expected. 

 

Figure 16: a plot of the answers given when asked about the comfort of the mask (1= very uncomfortable, 5 = 

very comfortable) 

 

Figure 17: A plot of the answers given when asked whether they thought the mask affected their performance 
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Figure 17 shows the answers given when participants were asked whether they thought the 

mask affected their performance. None of the participants said no and the majority replied 

with yes. Again this is to be expected. 

Figure 18 is a word cloud showing the answers given when participants were asked what was 

uncomfortable about the mask. In the word cloud the largest word is the word answered the 

most, that is the size of the word is proportional to the number times it is given as an answer. 

It is clear that breathing discomfort while wearing the mask is a significant difficulty. We can 

see that feeling uncomfortably hot and the uncomfortable feeling of the mask on a person’s 

face are also significant troubles. The mask falling off a person’s face is also a significant 

issue that is easily fixed by purchasing a mask that has adjustable straps or a mask that fits a 

person’s face. Moisture (the mask becoming wet from the water vapour in a person’s breath 

and from a small amount of sweat if any) is another commonly indicated difficulty. The 

phrase “into mouth” (the mask being sucked into a person’s mouth when taking a deep breath 

in) is not as a significant issue with participants. 

 

Figure 18: Word cloud for the answers given when asked what was uncomfortable about the mask. 

 

Online Survey 

This is the survey I sent onto social media to investigate people’s views on mask wearing in 

sport. I received 285 responses. 

What age are you? 

My survey managed to capture a broad cross section of ages as shown in figure 19.  
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Figure 19: Distribution of ages for respondents in the online survey. 

 

What sport do you play? 

Figure 20 shows a word cloud of the different sports played by the people who answered the 

survey; figure 21 shows the distribution of answers for this question. We can see that many 

respondents play GAA because theses are the dominant sports in Ireland and the survey was 

sent out to my LGFA team and other teams in that community. At the same time a broad 

range of sports are represented such as soccer and basketball. 

 

Figure 20: word cloud of the sports played by survey respondents. 
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Figure 21: Numerical distribution of the sports played by survey respondents. 

 

What is your gender? 

Figure 22 shows the gender of the survey respondents.  

 

Figure 22: the gender of survey respondents. Note there were two responses of other. 

 

If sports could only come back if wearing a mask was compulsory to train, play matches 

and participate in sporting events: would you play matches, train and/or participate in 

events? 

Figure 23 shows the answers to the question of returning to sports while wearing masks. 

Just over half of the respondents answered that they would go back to playing sports with a 

mask. Approximately one quarter of respondents would not go back to sports if a mask had 

to be worn. Approximately a quarter of participants would not be sure. These figures are 

encouraging as many people would be willing to play sports with a mask which would help 
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reduce the risk of Covid-19 spread and have an added benefit for teams of less chance  of 

having to forfeit big games. 

 

Figure 23:  Answer to the question if respondents would return to sport if a mask was required. 

 

If you said "maybe" why? 

There were many different responses to this text question however most can be grouped into 

common themes. 

Many people mentioned that it would be difficult to breath while playing sports with a mask 

and some said it could even be dangerous to health although none of them had actually provided 

and information bout experience of playing sports with a mask apart from one respondent who 

said “I have to wear a mask for P.E. in secondary school and to be honest it can become difficult 

to breath when running around, always have to pull it down for a second to get my breath then 

go again. I love sport so I would be 100% willing to try it, it just might not be possible for me 

to play well while keeping everyone safe.” 

Many people described the challenges of moisture, comfort, wearing a mask with a helmet, 

training during summer months and underlying conditions. Many respondents said they would 

have to trial a mask as it might be difficult to play with one on. Some people mentioned it 

would depend on the sport and that it may not be feasible for a sport such as rugby. Many of 

these people also said that they would really like to go back to sport so they would consider 

playing with a mask. Some example of responses are: “Hard to play during the summer 

months”, “It would be very annoying and hard to breathe but at the same time I want the sports 

to come back”,” Depends on prevalence of COVID in the county/area as I have an underlying 

condition”,” I’m not sure if it’s feasible to wear a mask and helmet.”,” Because it would be 

uncomfortable and too hot but I would still like to play sports even if I had to wear a mask”,” 

Anyone with respiratory difficulties such as asthma would find this very restrictive and 
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difficult.”,” I would have to see how difficult it would be before making my decision. Can not 

see it being pleasant though”,” Might be uncomfortable but if it's the only way I would”,” 

Might be uncomfortable but if it's the only way I would”,” If there was a special, very 

breathable type of mask then maybe. Otherwise it would be too difficult to breathe.” 

If you said "no" why? 

There were many different responses to this text question however most can be grouped into 

common themes. 

Many people who answered this question had concerns about breathing difficulties and some 

even though it could be dangerous to health. For example, “Because I would be out of breath 

and may pass out”. 

Other respondents said that the enjoyment of playing sport would be taken away by wearing 

masks, the point of sport is to be able to exercise freely in the fresh air so there would not be a 

point if they had to wear a mask, the mask would get too hot, that it’s not worth the discomfort 

and too much effort, that trying to play sports with a mask while wearing a helmet or using a 

gumshield would be difficult, enforcing masks would be difficult, a mask could fall off or cover 

the eyes, communication would be hard, sweat could be uncomfortable, masks would affect 

performance, during sports like rugby it would be impossible and that it is not necessary as 

there is very little transmission through sports and outdoors in general. 

Examples of responses are: “Ridiculous. Understand the need for masks for subs management 

etc but no need to bring into players on the pitch. Risk of transmission also is so low it doesn’t 

justify it.”,” Don't agree with the wearing of masks”, “Affect your breathing if your running 

around and be too much effort to wear one”, “Because it is dangerous to you overall health.” 

, “In camogie, you already wear a helmet so adding a mask underneath that would make it 

very difficult to breath. The same goes for the gumshield in football, it’s difficult to breath with 

that as it is, not to mind with a mask as well!”, “Would make it too uncomfortable. It’s hard 

enough to get your breath at times never mind with a mask on. Also as a mentor who will 

Enforce it making more work for volunteers.”, “Not necessary. High transmission rates won’t 

result from sport. Closer contact is required for spread indoors (public transport, planes, 

offices etc.).” , “Because you can’t breathe and it would ruin the point of being out in the fresh 

air training” , “I might fall off, could go over your eyes and harder to breathe in when 

running”, “Too much hassle”, “I feel we have to live with Covid-19 and outside has proven to 

be safe environment”, “I don’t see the need to wear a mask when playing sport especially Gaa 
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or other fast paced games that require strenuous running, it would cause breathing issues for 

those playing as masks can be quite claustrophobic” , “Difficult to breathe in when training 

as I do PE in school and we run inside with our masks on and they are extremely difficult to 

breathe in. We also play and train outdoors so I feel it’s unnecessary to wear a mask while 

playing”, “It would be too restricting to breath and would take some of the enjoyment out of 

playing.” , “You cannot wear masks in an outdoor sport, it just can’t work. Especially with 

rugby where you’re smashing people to the ground and rolling about in muck for half the game. 

Potentially an indoor sport would be okay but I can’t see many takers on the idea. Gyms 

however should be open if we wear masks and sanitise the equipment we use, just like in 

classrooms in schools where there are extremely low numbers of cases!”, “Masks are 

unnecessary and will not stop viruses from spreading, so same with all sports” 

 

Do you think masks affect people's sporting performance? 

Figure 24 shows the answers respondents gave when asked to rate how much they think 

people’s performance in sport is affected by masks. The majority of respondents answered a 

4 or 5 which was categorized as “very much” on the survey although more people than 

expected answered 3 which is meant as “minor effect”. As I showed in figure 15 

cardiovascular performance was affected masks and if it were to be rated on the scale shown, 

it would be a 3. 

 

Figure 24: answers when asked to rate what they thought how much of an effect a mask would have on 

performance in sport. 
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Overall analysis 
 

From my beep test results it can be concluded that cardiovascular performance in sport is 

affected by mask wearing although I would argue that it is not detrimental to a reasonable 

sporting performance and would rate as a 3 on my scale in figure 20. This is useful data, and 

many people would consider playing sport while wearing a mask. People do find wearing 

masks uncomfortable and many believe that it would be difficult to breath in a mask while 

playing sport and many participants in the beep test have said that this is the case. Heat, 

moisture and the feeling of a mask on a person’s face are also major issues from both 

surveys.  
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Conclusions 

The results of my beep tests show that masks negatively impact cardiovascular performance 

in sport as shown by the difference between the average level reached with a mask and the 

average level without mask. The average level reached without a mask is significantly lower. 

The p-value is 0.0013 which is less than 0.05 making my results significant to 95% CI. This 

result appears to be independent of age group as both third years and second years had 

significantly worse average levels with a mask. The p-values are 0.00689 for the third years 

and 0.00845 for the second years. Although the average of the level reached by the 

participants is significantly statistically worse with a mask, I would argue that based on these 

results, mask wearing is not detrimental to a reasonable overall performance in sport and 

would rate a 3 on my scale shown in figure 24. 

All of the participants in the beep test believed that the mask affected their performance. 

Many of them found breathing difficult and found the mask to be hot and uncomfortable on 

their face as well as moisture being an issue. A few participants also found that the mask was 

being sucked into their mouth when they took a deep breath which made it increasingly 

difficult to breath.  

A solution to this and to the effect masks have on cardiovascular sporting performance is a 

mask designed specifically for sports. A mask like this would need the following elements, 

1) Slightly more breathable materials (while still being effective in preventing Covid-19 
transmission). This would help combat the issue of breathing being difficult. My 
review of the literature showed that these two aspects are competing and a comprise 
between breathability and the filtration efficiency must be made. 
 

2) Uses a cooling material. This would help combat the issue of the mask being 
uncomfortably hot and stop extra sweat making the mask moist. 
 

3) Has a soft structure to keep off of a person’s face while not injuring anyone during a 
close contact game such as soccer or basketball. This would help combat the problem 
of sucking in the mask when taking a deep breath and the uncomfortable feeling of a 
mask on a persons face. It also increases breathability. 
 

4) A waterproof layer. This will mean that a mask will not get uncomfortably moist in 
wet or damp weather.  
 

5)   Comfortable, adjustable, secure, straps. This will mean that a person’s ears will not 
get sore while playing sport, a person can adjust the straps to their face size to prevent 
the mask slipping down the face and falling off, and the secure straps will makes sure 
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that a mask does not fall off during contact sports and sports where a normal mask 
would be likely to fall off.   
 

There are a few masks like this for sale although they are very expensive and would not be a 

feasible option for low income families and players. A n example of a sports mask I found on 

the Under Armour website is shown in figure 25.  

 

Figure 25:  picture of Under Armour sportsmask 

This is the product description on the website 

“When health officials said healthy people should wear face masks, we started building 

prototypes until we made the perfect one for athletes. It's got the airflow you need, a cool 

feel, and the best fit for running or training.” 

 “Made with high-performance UA materials, designed to be worn all day & when 
playing sports” (note “UA” is Under Armour) 
 “Structured design sits up off the face & lips for added comfort & breathability” 
 “Water-resistant outer shell features smooth, breathable spacer fabric” 
 “Anti-viral & anti-microbial treatments on the inside layer” 
 “Polyurethane open-cell foam lets air through but makes it hard for moisture & sweat 
to pass” 
 “UA Iso-Chill fabric on interior lining & ear loops feels cool to the touch for as long as 
you wear it” 
 “Fabric is soft & smooth for next to face comfort & moves moisture from your mouth 
to the insert layer” 
 “Lining fabric extends up & is strategically shaped to lay flat across the bridge of your 
nose” 
 “Includes washable, anti-microbial carrying pouch with locker tag to mark your name 
or number” 
 “Outer layer: 100% Polyester | Insert: 100% Polyurethane | Interior/ear loops: 77% 
Nylon/23% Spandex” 
 “Imported” 
 “Intended for daily wear & use in sports by healthy individuals” 
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 “3-layer system meets WHO recommendation for fabric mask to help prevent the 
spread of COVID-19” 
 “If you feel uncomfortable while wearing: stop exercise, remove mask & if needed, 
seek medical attention” 
 “Soft, adjustable nose bridge to secure it across the face” 
 “Stretchy ear loops & side panels for a more comfortable fit” 
 “Machine washable for multi-use with anti-microbial treatment tested through 50+ 
washes” 

 

This mask costs €30. 

From the general survey I found people claimed they would find it hard to breath in a mask 

while playing sport although many of them did not offer evidence of having played sports with 

a mask. The solution to this concern would again be a sport specific mask similar to the one 

described above. 

From my online survey I also found that the majority of people who answered would be willing 

to do sports with a mask which means that the data found would be useful for these people. 

I also found that some people who answered the survey who are mentors would find it hard to 

enforce this rule. A way to combat this is education and encouragement but that is outside of 

the scope of this work. 

In the general survey the majority of respondents believed that wearing a mask will affect 

their sporting performance. 
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Recommendations 

To further this project I would 

Do more beep tests as due to time constraints and Covid-19 restrictions I was not able to do 

as many tests as I had planned. The more tests done, the more reliable are the data. I was also 

only able to get an age range of 13-15 in my school. I would do beep tests with a wider age 

range from within the school and outside to investigate if the results differ depending on age. 

I was only able to do these tests with females as I am in an all females school and due to 

Covid-19 restrictions was not able to perform the test anywhere else. I would conduct the 

beep test with people of other genders to gain more information. 

I would also do the tests with sport specific masks to see if they have an effect on 

cardiovascular performance and whether they are a better option than ordinary fabric masks. 

All of the beep tests I conducted were indoors due to the weather and the fact it is a more 

controlled environment. As part of furthering this project I would conduct beep test in an 

outdoor environment to see whether there is an effect on the results. 

I would measure the BPM of participants after each beep test and measure their oxygen 

intake for more detailed information on the effects of the masks. 

 I would investigate the effects of masks on other areas of sporting performance e.g. speed, 

accuracy (throwing kicking while running e.g. in basketball) communication during sport, 

effects during recreational exercise e.g. gymnastics or dancing. 

I would try to get a more detailed response from sporting organisations including a face to 

face/virtual interviews with representatives. 
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