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An Experimental Study of the Bioelectrical Signals and Subjective Response in
Changing from Unpleasant to Pleasant Temperatures in a Learning Environment
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Abstract In this study, experiments using bioelectronic signals and questionnaire surveys were carried out in learning conditions
when temperatures changed from low- and high-uncomfortable to comfortable. As a result, the stress factor Photoplethysmo-
graphy (PPG) decreased, while the Root Mean Square of Standard Deviation (RMSSD) of PPG increased when the indoor
temperature was changed from low- or high-uncomfortable to comfortable. Additionally, the absolute power of the a-wave
in the brain increased. According to the analysis of the association between the questionnaire and bioelectronic signals, the
standard deviation of the stress factor as measured by pulse was closely related to the result of the thermal sensation
questionnaire. In addition, it was found that the concentration on studying improved under comfortable temperatures when
compared to uncomfortable temperatures.
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Fig. 2 Electrode location for EEG test.
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Table 1 Specification of the Artificial climate

Table 4 Anthropometry data of the subjects

Temperature(C) -20~60
Relative humidity(%) 5~95
Air flow rate(CMM) 400
Measurement error(%) +15

Table 2 Specification of a EEG sensor

Weight Height Body ,area
(kg)  (m) (m)

257 681 1728 18
Male 10 +13  #99 38  #0.13

Body area calculated by DuBois et al®?
AD(m2) = 0.202 xm"425 x ]0-725,

Number of
Gender subjects A

Sampling rate(Hz) 128 Table 5 Garment insulation values
Resolution(bit) 16 Garment Description lewi(clo)
Band pass filter(Hz) 0.2~45 T-shirt 0.08
Notch filter(Hz) 50~ 60 Men’s briefs 0.04
Athletic socks 0.02
o . Trousers(thin) 0.15
Table 3 Specification of a PPG measuring set Slippers 0.03

Measuring range(BPM) 40~200

Measurement error(%) +2

Band pass filter(Hz) 0.15~4
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Table 6 Test condition of 1%- and 2"-experiment

1" test 2" test Time table
Temperature(C)  Temperature(C) (min)

15 35 20(S : 15, M : 5)
17.5 325 40(S : 15, M : 5)
20 30 60(S : 15, M : 5)
22.5 27.5 80(S : 15, M : 5)
25 25 100(S : 15, M : 5)
27.5 22.5 120(S : 15, M : 5)

S @ Stability, M : Measurement

Table 7 The subjects list of measurement

Waiting room Experiment room

Subjective questionnaire
Dry and humidity temp.
PPG, TSV, CSV

Blood pressure,
Body temperature

Table 8 Subjective questionnaire
TSV(Thermal Sensation Vote)
-3 -2 -1 0 1 2 3

very Cold Cool Neutral Warm  Hot Very
cold hot

CSV(Comfort Sensation Vote)

-3 -2 -1 0 1 2 3
Very Uncomf Slightly Neutral Slightly Comf Very
uncomf Uncomf comf comf
CLV(Concentration level vote)
-3 -2 1 0 1 2 3
Yery Distrac Sl!ghtly Neutral Slightly Concent Very
distrac Distrac concent Concent

Comf = Comfortable Uncomf = Uncomfortable
Distrac = Distracted Concen = Concentration
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