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Comparing Physiological Changes in Breathing Conditions during Cognitive Tasks
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Abstract

With external air pollution forcing many people indoors, new methods of facilitating healthier indoor life are
necessary. This study, therefore, investigates the effects of indoor oxygen concentration and respiration methods on
biosignals and cognitive ability. The study included twenty healthy subjects who inhaled air through a mask from
a gas delivery system. All subjects were asked to perform three types of breathing (nasal, oral, and oral breathing
with high oxygenation) and respond to cognitive stimuli (rest close eye, rest open eye, 1-back and 2-back working
memory tasks). The changes in cognitive load according to respiration were analyzed by measuring response time,
accuracy, and biosignals to stimuli. The result showed that, in all three respirations, heart rate significantly increased
with the increase in cognitive load. Also, in oral respiration, the airway respiration rate significantly increased
according to the increase in cognitive load. The change appeared to compensate for insufficient oxygen supply in
oral respiration during cognitive activity. Conversely, there was no significant change in airway respiration rate
during oral respiration with a high concentration oxygen supply as in nasal respiration. This result suggests that
a high concentration oxygen supply might play a role in compensating for insufficient oxygen concentration or
inefficient oxygen inhalation, such as oral respiration. Based on the results of this study, a follow-up study is
necessary to determine the impact of changes in the autonomic nervous system, such as stress and emotions, to

find out more precise and comprehensive effects of oxygen concentration and breathing type.
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Table 1. General characteristics

Mean + SD min max
Age (years) 22.8+£3.43 19 31
Height (cm) 164.03+8.98 148 182
Weight (kg) 60.32+12.16 43 90

SF e mE AL ] WskE 18] Sl
BEE 9 s A AR, WA EE, 18 A
T AR IS A FAEEE S8 25 5
Ag A BE e o858 AtAraaE 2
A E APe Ittt FAEEH HIEFA
o= At~ o) F7] HE(air pump)S A 3F]
7158 duk F7E S5 F AESE T FAL
AEE AAEE FRESAME AAaE I duk 3]

AAAFS Hdo|EHE F 47 Z U] A&-3t
R, Al F7Fe TFdE oA 2 = AT 4719
A= o] SAR QIR RS ol =rt HAF Srtet
L5 stk AR, w5 A2 dHE Hs] FHe
F8k= 2JHEI(RC: rest close eye), =4, 7w= = AJH 2

air pump

air controller

Q, supplier
(a) O, supply system (b) air controller
Fig. 1. Air delivery system
(a) 02 or air supply (b) air controller
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Fig. 2. N-back working memory tasks
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TP < .001; P < .001; P = 0.001) (Table 2 and 3).

Table 2. Comparison of accuracy and response time between
1B and 2B

Breath Statistic P-value

Nose 94.50 0.009

Accuracy Mouth 114.50 0.002
Mouth+02 65.50 0.431

Nose 14.00 < .001

Response time Mouth 2.00 < .001
Mouth+02 24.00 0.001

Abbreviation: 1B, 1 back; 2B, 2 back

Table 3. Description of accuracy and response time of N-back
tasks according to the breathing type

Mouth

Nose Mouth Lo

g Median  96.00 96.00 95.33

Accuracy (SE) (1.00) (0.62) (3.63)
(%) ,p  Median 9433 93.67 95.33
(SE) (1.68) (1.39) (1.58)

g Median 0.52 0.51 0.53

Response (SE) (0.02) (0.02) (0.06)
time (sec) ,p  Median 0.66 0.63 0.66

(SE) (0.04) (0.04) (0.04)
Abbreviation: 1B, 1 back; 2B, 2 back; SE, stabdard error.

Table 4. Within subjects effects of accuracy and response time
of N-back tasks according to the breathing type

Mouth
Nose Mouth L 02
Mean 228.663
Square
B g 1.064
F(P) 1.854 (0.189)
Accuracy v
can 2,613
Square
2B df 1.957
F(P) 0.244 (0.780)
Mean 0.037
Square
B g 1.195
Response F(P) 1.268 (0.281)
time
Mean 0.011
Square
2B df 1.942
F(P) 1.361 (0.269)

Abbreviation: 1B, 1 back; 2B, 2 back; df, degree of freedom.
The df value of between-subjects effects is 19.
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THEFA = AWRR(F(2.15,17) = 4.000, P =
0.024)3} PR(F(2.64,17) = 20.012, P < .001) 12|
SpO2(F(2.2,16) = 9.969, P < .001)7} S1A]3-3}e] u}z}
freolst Aozt = RS2 UERETh AWRRE] 49
T A f7217] Bk 2B #Al A F-olsHl Shet
%S (T = 3.253, Mean Difference = 2.003, P = 0.011),
T FA7 B = A2 FA7IA el A
SFATHT = -2.656, Mean Difference = -1.636, P =
0.049) (Tables 5 and 6).

PRO| 7% QARSI SMEFE Srtehe A=
LHERA MB} TR F2715 1B A 9 2B A 5738
Al FolsiAl 7R H(T = 5.053, Mean Difference
= 4.678, P < .001; T = 7.157, Mean Difference = 6.626,
P <.001), 7= = F2]7]5T} 1B A9 2B A BF

Table 5. The estimated marginal means of biosignals

AWRR PR Sp0O2
RM Mean SE  Mean SE  Mean SE
Factors
RC 15.95 69.98 97.17
RO 17.59 71.91 97.44
Mouth 0.85 1.94 0.16
1B 17.20 74.66 97.65
2B 17.95 76.61 97.89
RC 16.75 68.14 97.36
RO 16.98 71.00 97.44
Nose 0.85 1.98 0.16
1B 17.90 74.67 97.68
2B 18.73 75.86 97.78
RC 16.01 68.43 98.32
Mouth  po 1583 70.18 98.48
+ 0.85 1.38 0.16
02 1B 17.42 98.54 98.54
2B 17.98 98.53 98.53

Abbreviation: RM, repeated measure; AWRR, airway respiration
rate; RC, rest close eye; RO, rest open eye; 1B, 1 back; 2B,
2 back
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Fol5HA Z71SFATHT = 2.968, Mean Difference =
2.748, P = 0.023; T = 5.072, Mean Difference = 4.696,
P < .001) (Tables 5 and 7).

SpO2% PR3} w7 IA| 2 Q1A 387t S7hers
b AL BRI E e
2B A 5 Aol FelsHA %7
Mean Difference = 0.483, P = 0.005; T = 5.244, Mean
Difference = 0.718, P < .001), & = F2]715.t} 2B A
T3 Al el Srkske Ao ®E UEATHT =

[o

Table 6. Multiple comparison of AWRR

AWRR Comparison
RM RM Mean

Factor  Factor  Difference Prukey

1B 2B -0.757 -1.230 0.611

RC 1.246 2.023 0.193

RO -0.390 -0.633 0.921

Mouth

2B RC 2.003 3.253 0.011

RO 0.368 0.597 0.932

RC RO -1.636 -2.656 0.049

Abbreviation: RM, repeated measure; SE, standard error; AWRR,
airway respiration rate; PR, pulse rate; SpO2, saturation of
percutaneous oxygen; RC, rest close eye; RO, rest open eye; 1B,
1 back; 2B, 2 back

Table 7. Multiple comparison of PR

PR Comparison
RM RM Mean

Factor  Factor Difference Puukey
1B 2B -1.948 -2.104 0.166
RC 4.678 5.053 < .001
RO 2.748 2.968 0.023
Mouth
2B RC 6.626 7.157 < .001
RO 4.696 5.072 < .001
RC RO -1.930 -2.085 0.172
1B 2B -1.192 -1.409 0.500
RC 6.534 7.719 < .001
Nose RO 3.667 4332 < .001
2B RC 7.726 9.128 <.001
RO 4.859 5.741 < .001
RC RO -2.867 -3.387 0.007
1B 2B -2.396 -2.198 0.137
RC 4.703 4.315 < .001
Mouth RO 2.961 2.717 0.043
(;LZ 2B RC 7.099 6.513 <.001
RO 5.357 4915 < .001
RC RO -1.742 -1.599 0.389

Abbreviation: RM, repeated measure; PR, pulse rate; RC, rest
close eye; RO, rest open eye; 1B, 1 back; 2B, 2 back
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Table 8. Multiple comparison of SpO2

SpO2 Comparison
RM RM Mean

Factor  Factor Difference Prukey
1B 2B -0.235 -1.715 0.327
RC 0.483 3.529 0.005
RO 0.211 1.539 0.423
Mouth
RC 0.718 5.244 < .001
RO 0.446 3.255 0.011
RC RO -0.273 -1.989 0.206
1B 2B -0.095 -0.801 0.853
RC 0317 2.665 0.049
RO 0.236 1.984 0.208
Nose
2B RC 0.413 3.467 0.006
RO 0.332 2.785 0.036
RC RO -0.081 -0.681 0.904

Abbreviation: RM, repeated measure; SpO2, saturation of
percutaneous oxygen; RC, rest close eye; RO, rest open eye;
1B, 1 back; 2B, 2 back

3.255, Mean Difference = 0.446, P = 0.011) (Table 8).
H| 7} & 5ol A= PR(F(2.28,17) = 34.683, P < .001)3}
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