
http://dx.doi.org/10.11627/jkise.2012.35.4.55 pISSN 2005-0461
eISSN 2287-7975

Effect of Highly Concentrated Oxygen and Stimulus of
Odors on the Performance of Secondary Tasks While

Driving Using Vehicle Graphic Driving Simulator

Doo-Hwan Ji* Cheol-Kee Min* Tae-Beum Ryu* Moon-Soo Shin*
Soon-Cheol Chung** Jin-Kyu Kang* Byung-Chan Min*  

*Dept. of Industrial and Management Engineering, Hanbat National University 
**Department of Biomedical Engineering, College of Biomedical and Health Science in Konkuk University

자동차 화상시뮬레이터에서 운전 중 동시과제 수행에
고농도 산소와 향 자극이 미치는 영향 

* * * * ** * *

*
**

In this study, it was observed through the ability of performing secondary tasks and baseline fetal heart rate how the supply of lavender, 
peppermint and highly concentrated oxygen (40%) affected distraction due to the performance of secondary tasks in the driving environment. 
Twelve male university students conducted secondary tasks while driving in the environments (6 in total) mixed and designed with 
oxygen concentration (21%, 40%) and the condition of odors (Normal, Lavender, Peppermint). The test was proceeded in order 
of stable state (5mins), driving (5mins), and secondary tasks (1min), and by extracting ECG data from every section by 30secs, 
the mean value of baseline fetal heart rate was calculated. As a result of analysis, in the ability of performing secondary tasks, 
a percentage of correct answers showed no difference in oxygen concentration and the condition of odors (p > 0.05). In performance 
completion time, a percentage of correct answers decreased showing a statistically significant difference in the condition of odors 
compared with the condition where odors were not provided (p < 0.05). As for baseline fetal heart rate, in the comparison between 
sections, while performing secondary tasks, it increased showing a significant difference  compared with stable state and driving state 
(p < 0.05). The effect of interaction was observed in oxygen concentration and the condition of odors. When odors were not provided, 
baseline fetal heart rate decreased in 40% oxygen concentration compared with 21% oxygen concentration (p < 0.05), however, when 
peppermint was provided, it increased in 40% oxygen concentration compared with 21% oxygen concentration (p < 0.05). In conclusion, 
the fact that the condition of odors increased the ability of calculation, and when only the highly concentrated oxygen was provided, 
parasympathetic nerve system was activated, however, when highly concentrated oxygen was provided with peppermint at the same 
time, sympathetic nervous system (sns) was activated, which had a negative effect on the autonomic nervous system was drawn.
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2. 실험 방법

2.1 피험자

1
12 . 23± 

3.1 , 2.2±1.1 . Graphic 
Simulator , Simulator Sickness 

. 
, , 

, . 24  
, , 

.

2.2 실험 환경 및 운전 시뮬레이터

25±1.1°, 36~40%
. (GSD- 

300s Gridspace Co. Korea)
32 3

/
. H ‘ ’ ( , 

, , , , 
, , , , )

( , , RPM , 
, , )

. motor driven power steering(MDPS)
(<Figure 1> ).

<Figure 1> Graphic Driving Simulator

2.3 산소 및 향 제시 방법

21%
40% . 

KIMEX Co. Ltd 100% Lavender oil Peppermint 

oil . 

(YAMATO YR-88)

. 
(MN-251) Oxygen supply tube

, 
3L/min (<Figure 2> ).

<Figure 2> Oxygen and Odors Supply Methods

2.4 생리신호 측정 및 동시 과제

Biopac System MP100
. (ECG : electrocardiogram) 500Hz  

sample/sec . +  
, +/-

CM5 (<Figure 3> 
). MP100 S/W Acqknowledge 

3.9.1 (HR : Heart rate) .
1 40

. Microsoft office Excel 2007
[= INT(RAND( )×(40-1+1))+1] 1 40

. 
1 0 [ex : 34+11 = 45+(1

0)] . 

10 , 
‘ ’, ‘ ’

.

<Figure 3> CM5 Inducing Method
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2.5 실험절차
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6
.

<Figure 4> Procedure of Experiment

2.6 데이터 분석
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SPSS 18.0
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3. 실험 결과

3.1 동시 과제 수행능력 결과

(21%, 40%) (Normal, Lavender, Pep-
permint)

. , <Figure 5>
40% 21%

, <Table 1>
(p > 0.05). 

, <Table 
2> (21%, 40%)

(p > 0.05), (Normal, Lavender, Peppermint)
(p < 0.05).  
Tukey HSD

. <Figure 6>
Lavender Peppermint 

(p < 0.05)
. 

<Table 1> 2-way ANOVA of Percentage of Correct Answers 

due to Oxygen and Odors

Source
Type III Sum of 

Squares
d.f.

Mean 
Squares

F

Oxygen 253.125 1 253.125 2.098
Odors 264.583 2 132.292 1.096

Oxygen×Odors 89.583 2 44.792 0.371

<Figure 5> Percentage of Correct Answers due to Oxygen 

Groups and Odor Types
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<Table 2> 2-way ANOVA of Completion Time due to Oxygen 

and Odors(*p < 0.05)

Source
Type III Sum of 

Squares
d.f.

Mean 
Squares

F

Oxygen 0.64 1 0.64 0.017
Odors 677.146 2 338.573  9.039*

Oxygen×Odors 3.016 2 1.508 0.04

<Figure 6> Completion Time of Task due to Oxygen Groups 

and Odor Types(*p < 0.05)

3.2 심박동율(HR) 결과

, , 
, <Table 3> (p < 0.05)

(p < 0.01)
, (p < 0.05)

. 
(Control, Driving, Driving+task)

Tukey HSD 
. <Figure 7>

 
(p < 0.05) . 

. 

. , <Figure 8> Normal
(p 

< 0.05). 40% 21% 
. , 40% 

. 
Lavender 
(p > 0.05). Peppermint 

(p < 0.05). 
Peppermint 40% 21%

. Peppermint 
40%

. 

<Table 3> 3-way ANOVA of Heart rate due to Oxygen and 

Odors and Phase(*p < 0.05, **p < 0.01)

Source
Type III Sum of 

Squares
d.f.

Mean 
Squares

F

Oxygen 0.001 1 0.001  0.326

Odors 0.029 2 0.015  4.336*

Phase 0.075 2 0.037 11.078**

Oxygen×Odors 0.032 2 0.016  4.702*

Oxygen×Phase 0.005 2 0.003  0.741

Odors×Phase 0.016 4 0.004  1.22

Oxygen×Odors
×Phase 0.024 4 0.006  1.757

<Figure 7> Result of Heart Rate due to Phase(*p < 0.05)

 <Figure 8> Heart Rate due to Oxygen Groups and Odor 

Types (*p < 0.05)
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4. 결론 및 토의
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