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Abstract:
Face masks have become a crucial element in fighting against the Covid-19 virus.
However, as the pandemic persists an increasing number of individuals have begun to reject face
masks, claiming they interfere with their 𝑂 2 input & 𝐶𝑂 2 output. The validity of these claims
was evaluated in this study through two separate tests: one for 𝑂

2

input and the other for 𝐶𝑂

2

output. These tests were done using a candle’s flame as a reference point to indicate whether the
respective gas had increased or decreased. In the 𝑂 2 input test, the change in height (cm) was
measured after adding a mask to the opening of the vase that a burning candle was in. In the
𝐶𝑂 2 output test, the flame’s angle of bend (°) was measured after adding a mask in front of the
air source that was pointed at the candle. It was hypothesised that if face masks did interfere with
gas input/output, then the candle’s flame will appear altered relative to a control. Following data
collection, statistical analysis revealed a p-value of 0.08242 for the 𝑂 2 input test & < 2.2 x 10
−16

for the 𝐶𝑂

2

output test. Although the p-value of the 𝐶𝑂

2

output test rejected the null

hypothesis, this finding was deemed insignificant as evidence contracting these findings was
considerable.
Introduction:
The Covid-19 pandemic has become one of the deadliest in modern history, with an
estimated 2.5 million dead, as of February 25, 2021 (Pitlik, 2020; Porterfield, 2021). Despite
multiple vaccines having obtained approval in nations across the world, supply issues have
prevented widespread vaccination (Bender, 2021; Loftus & Vieira, 2021). As a result, we still
rely on precautionary social distancing practices and hygienic protocols, such as wearing face
masks.
Yet as this pandemic continues, an increase in the improper use of face masks, as well as
anti maskers, can be observed. Just recently an anti-mask rally held in Vancouver, B.C. on
February 20, 2021, drew in over 200 participants (Demaro, 2021). Aside from stating face mask
mandates to be unethical and an infringement on their rights, such individuals believe wearing a
face mask is detrimental to their health. In particular anti maskers, and some non-anti maskers,

claim that a face mask interferes with their 𝑂

2

input & 𝐶𝑂

2

output (Stewart, 2020). Scientific

evidence backing these claims is relatively limited, however, research has found certain
psychological and physiological changes associated with wearing a mask. Specifically, a study
found that face masks increased breath resistance, and thus resulted in an increase in headaches
(Scheid et al., 2020). These headaches were typically associated with additional psychological
issues such as the perception of lightheadedness.
Contrarily numerous studies not only argue against the claim that face masks interfere
with gas input/output, but also found that face masks mandates are a crucial element in
combating the pandemic (Karaivanov et al., 2020; Lyu & Wehby, 2020; Samannan et al., 2020).
In their study, Samannan et al. (2020) tested whether surgical grade masks interfered with gas
exchange in subjects with and without lung function impairment (Samannan et al., 2020). They
found that a surgical mask did not significantly affect gas exchange in either group. In their
conclusion, the team also stated that universal mask adoption is needed to decrease the spread of
Covid-19 by asymptomatic individuals.
Is this increase of the claim, “face masks make it harder to breathe,” hampering global
efforts against Covid-19, or is there some truth? This experiment aimed to determine whether
face masks interfere with 𝑂

2

input & 𝐶𝑂

2

output via the use of household items. Specifically,

two separate tests were conducted, in which the effects of face masks on gas input/output were
observed by using a candle’s flame as a reference. Household items were used to create an
unbiased and easily replicable at home experiment. It was hypothesised that if face masks did
interfere with gas input/output, then the candle’s flame will be altered relative to a control (HA).
The experimental prediction supports the contrary; the null hypothesis will be true, as face masks
will not interfere with gas input/output.

Methods:
The experiment consisted of two parts: an 𝑂
𝑂

2

2

input test & a 𝐶𝑂

2

output test

Input Test
For the 𝑂

2

input test, a clear glass vase was placed on a flat surface, and the surrounding

area cleared. To the side, a video camera was positioned in a way that achieved an uninterrupted
view of the glass vase and set to record. A new & unused candle was then placed inside of the
mason jar and lit with a barbeque lighter. Following this, the opening of the mason jar was
covered with a type of face mask (the type being used noted down). The flame’s reaction to the
covering was then observed & recorded after approximately 30 seconds had passed. This allowed
us to observe whether the face mask had any effect in limiting the flame’s oxygen supply (𝑂

2

input). A flame requires oxygen to burn as seen in a typical combustion reaction shown below:
CxHy + O2 → H2O + CO2
This aforementioned process was then repeated two additional times, for a total of three
trials for that specific face mask. This complete process was repeated for each face mask, and a
total of five face masks were tested. In this experiment, the face masks tested in the specific
order include a Bandana, blue face mask, cloth mask, cone mask, and lastly an N95 mask. After
having recorded all the trials, the height (cm) of the flame was measured. This was done using
the footage and a ruler to measure the height before and after a face mask was added. The total
change in height served as data for statistical analysis, and was accumulated in a spreadsheet.

Figure 1: Picture of the experimental setup for the 𝑂

2

input test. In each trial a mask is placed over the opening,

and physically held in place. The flame’s reaction to covering was then observed & recorded after approximately 30
seconds had passed. The change in the flames height was calculated (Before & After mask was added) and used in
statistical analysis.

For the 𝑂

2

input test, statistical analysis was done by conducting a paired t-test. A

paired t-test allowed us to compare the means of before and after the variable was added. In this
case, the variable was the face mask. The paired t-test generated a p-value that was compared to
the predetermined significance level of 0.05. This paired t-test was done in the statistical
computing program R.

𝐶𝑂

2

Output Test
For the 𝐶𝑂

2

output test, a spot on the island was marked off as the starting point (0ft)

using masking tape & a sharpie. Using a ruler, a distance of 3 ft from the starting point was also
marked off using masking tape & a sharpie. To the side, a video camera was positioned in a way
that achieved an uninterrupted view of the 3 ft marked location and set to record. A new &
unused candle was then placed at the 3 ft mark and lit using the barbeque lighter. A hairdryer
was then turned on to the lowest, & coldest setting, placed at the starting point mark and pointed

towards the lit candle for approximately 30 seconds. The flames' reactions to this were observed
& recorded.

Figure 2: Picture of the experimental setup for the 𝐶𝑂

2

Output test. In each trial a mask was placed over the

hairdryer, and physically held in place. The hairdryer was then turned on for 30 seconds and aimed at the candle.
The flame’s reaction was then observed & recorded. This was compared to a trial in which no face mask covered the
hair dryer. The change in the flames angle of bend (°) was calculated and used in statistical analysis.

Following this the process starting with a new candle was repeated multiple times,
however, face masks were now placed in front of the hairdryer (Covering the air output). A total
of 3 trials were done for each type of face mask, and 5 different kinds of face masks were tested.
The specific order of face masks tested is the following: Bandana, blue face mask, cloth mask,
cone mask, and lastly an N95 mask. After having recorded all the trials, the angle of bend (°) of
the flame was measured using the recording & a protractor. The trial without the face mask
served as “before the variable is added,” and was compared to trials that tested face masks The
total change in the angle of bend (°) of the flame served as data for statistical analysis, and was
accumulated in a spreadsheet.

For the 𝐶𝑂

2

output test, statistical analysis was also done by conducting a paired t-test

in the R program, and compared to a significance level of 0.05.

Results:
For both tests 15 trials were conducted, 3 for each of the five different face masks.
For the 𝑂

2

input test the bandana, blue, and cloth face masks displayed no change in

flame height. However, change in height was observed in the cone face mask and N95 face
mask. The cone face mask had 1 trial with a -0.1 cm change in height, for a mean height change
of -0.0333 cm. The N95 face mask had 2 trials with -0.1 cm change in height, for a mean height
change of -0.0666 cm. The frequency of these changes in height are graphed in Figure 3 below.

Figure 3: Histograms of the change in height (cm) for the 𝑂 2input test. The bandana, blue, and cloth face masks
displayed no change in flame height. The cone mask had 1 trial with -0.1 cm change in height, whilst the N95 mask
had 2 trials with -0.1 cm change.

The paired t-test conducted in R revealed a t-value of 1.8708 with 14 degrees of freedom.
This corresponded to a p-value of 0.08242.
For the 𝐶𝑂

2

output test the blue, cloth, cone, and N95 face masks all displayed the same

mean change in flames angle of bend at -90°. However, the change in flames angle of bend in the
bandana face mask was lower. The bandana face mask had trials that consisted of -99°, -105°,

and -100° changes in flames angle of bend, for a mean change of -101.3°. The frequency of these
changes in angle of bend are graphed in Figure 4 below.

Figure 4: Histograms of the flame’s change in angle of bend (°) for the 𝐶𝑂

2

output test. The blue, cloth, cone, and

N95 face masks displayed no change in angle of bend (°) . The bandana face mask had a change in angle of bend
(°) for all three trials: -99°, -105°, and -100°.

The subsequent paired t-test conducted in R on the 𝐶𝑂

2

output test data revealed a t-value of

73.723, with 14 degrees of freedom. This corresponded to a p-value less than 2.2 x 10
Discussion:
The paired t-test for the 𝑂

2

−16

.

input test provided a t-value of 1.8708, whilst the statical

analysis delivered a t-value of 78.723 for the 𝐶𝑂

2

output test. A t-value is a measurement of the

size difference relative to the variation in a dataset, with higher t-values typically associated with
rejecting the null hypothesis. Based on the t-value alone it appears we are more likely to reject
the null hypothesis from the 𝐶𝑂
the p-value as the 𝑂
p-value from the 𝐶𝑂

2

2

2

output test than the 𝑂

2

input test. This is further proven by

input test had a value greater than the significance level of 0.05, whilst the
output test was much lower. As a result, statistical analysis indicates that

face masks interfere with 𝐶𝑂
𝑂

2

2

output, but not 𝑂

2

input test was correct, but incorrect for the 𝐶𝑂
As the 𝐶𝑂

input. This implies our prediction for the
2

output test.

output test provided a p-value of less than 2.2 x 10
2

−16

, the null hypothesis

was rejected, implying that face masks interfered with the output of 𝐶𝑂 2. Based on these
results, it seems as additional evidence that supports the claim that face masks make it harder to
breathe had been obtained. If one is unable to exhale 𝐶𝑂

2

properly, how will their body get rid

of gaseous waste? Already individuals against face masks use this idea to support their claims.
However, observations from this study and additional scientific articles argue the contrary.
During this experiment, it was observed that despite a decrease in direct air output in front of
face masks, air output was increased in multiple various directions. This implied that whilst the
direct air output was decreased, overall air output was maintained via other directions. A study
done by Scheid et al.’s (2020) also supports the counterargument, as the group found that despite
wearing face masks, 𝐶𝑂
although the 𝐶𝑂

2

2

content in blood remained at normal ranges (<35mmHg). As a result,

output test rejected the null hypothesis, additional evidence deems these

findings insignificant. Due to this, we concluded that our experimental prediction was correct for
not only the 𝑂

2

input test but also the 𝐶𝑂

2

output test.

On the account of executing an experiment that could also be replicated at home, some of
the methods used may appear questionable. However, these methods were designed to not only
keep good scientific practice in play, but also account for limitations outside of a laboratory
setting. This includes using 3 ft as the distance between the hair dryer and candle. 3 ft is a
commonly accepted distance between individuals in normal conversation. As face mask use has
become widespread, and in some places mandated to decrease the human transmission of the

Covid-19 virus, testing at 3 ft was a valuable experimental consideration. In doing so this
allowed the experiment not only to reflect on the effects of mask-wearing on 𝑂

2

input & 𝐶𝑂

2

output, but also the necessity to wear a mask due to Covid-19. Alongside this, the use of a candle
as a reference point may have also seemed random. A candle was used as it is easily attainable,
and it involves a combustion reaction. As indicated in the model above, a combustion reaction
uses oxygen as a reactant and thus is indicative of 𝑂
flame is easily distrubed, it was useful for the 𝐶𝑂

2

2

input as it’s flame relies on the gas. As a

output test as it allowed us to easily observe

the effects of a mask on output.
Although a household experiment is beneficial as it allows for ease of replication, such as
for those who claim face masks interfere with 𝑂

2

input & 𝐶𝑂

more prone to experimental errors. A possible error in the 𝑂

2

2

output, it also makes the study

input test includes the heat

generated by the candle. As hotter air typically rises over cooler air, it is possible that the heat
generated in this experiment may have influenced the rate of diffusion across the face mask. An
additional error that could have affected the 𝐶𝑂

2

output test, is external sources of air. This

includes sources such as open windows/doors, home air circulatory systems, the movement of
individuals, etc. Future studies attempting to improve this experiment should consider and
prevent these errors. Additionally, studies done in a laboratory setting could conduct more
accurate experiments by using air with 𝑂

2

& 𝐶𝑂

2

percent content that mimics real respiration.

This would provide a more realistic look into how face masks interfere with 𝑂
output.

Conclusion:

2

input & 𝐶𝑂

2

In this experiment, statistical analysis revealed that there was a significant difference in
𝐶𝑂

2

output, not 𝑂

2

input when using a face mask. However, observational data and evidence

from other studies contradict with the findings of the 𝐶𝑂
statistical analysis, 𝐶𝑂

2

2

output test. Although according to

output was greatly hindered by a face mask, air output seemed to have

increased in directions other than directly in front of the mask. Additionally, previous studies
such as Scheid et al. (2020), found that face masks did not alter 𝐶𝑂

2

content in blood from

normal ranges. As a result, the prediction made prior to conducting the experiment appears to be
correct as the null hypothesis failed to be rejected. However, it is also worth noting that due to
this experiment being designed to be easily replicated at home, future studies would produce far
more significant and conclusive results using standardized and widely accepted experimental
practices.
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