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Abstract: Psychological adaptation to ambient temperatures is fascinating and critical, both theoreti-
cally and practically, for energy efficiency in temperate climates. In this study, we investigated and
compared the brain response (event-related potentials with a late positive component and latency
~300 milliseconds; labeled “P300” in the present study) and reaction times of Indonesian participants
(n = 11), as tropical natives living in Japan, and Japanese participants (n = 9) in natural (i.e., hot
during the summer and cold during the winter) and comfort conditions (with cooling and heating).
Thermal comfort under contrasting conditions was studied using both instruments and subjective
ratings. P300 potential and reaction time were measured before and after a Uchida—Kraepelin (U-K)
test (30 summation lines). The results showed that P300 potential and latency did not change be-
tween the pre- and post-U-K test among conditions in any of the groups. Furthermore, Indonesian
participants showed lower P300 potential (hot conditions) and slower P300 latency (hot and cooling
conditions) than Japanese participants. We also found that the reaction time of the Indonesian group
significantly differed between the pre- and post-U-K test in an air-conditioned environment, with
either cooling or heating. In this study, Indonesian participants demonstrated a resistance to P300
and worse reaction times during work in a thermally unfamiliar season, specifically indicated by the
indifferent performances among contrasting environmental conditions. Indonesian participants also
showed similar thermal and comfort sensations to Japanese participants among the conditions. In the
winter, when the Indonesian neutral temperature is higher than Japanese’s, the energy consumption
may increase.

Keywords: P300; reaction time; Uchida—Kraepelin test; thermal comfort; summer season; winter
season; energy-saving

1. Introduction

In Japan, thermal comfort is one of the important issues in offices, because air
conditioning—hot and cold—is essential [1,2]. Although widely researched internation-
ally, the focus of thermal comfort mostly lies on subjective sensations and daily activities.
Meanwhile, the study of thermal comfort on cognitive performance is limited. Previous
research has established that heat stress might impair cognitive functioning influenced
by task complexity or a combination of task complexity and duration [3-6]. Moreover,
cognitive functioning might also be affected by cold exposure [7,8]. Cold stress and the
environment can potentially affect cognitive performance, including the reaction time and
error rate [8-11]. However, evaluating cognitive performance in response to heat and
cold exposure is contingent on subjective responses, which are influenced by skill level
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and motivation [6,8]. Additionally, other methodological distinctions (environmental and
physiological conditions) are not clearly elaborated on cognitive functioning [6,12].

In a previous study, event-related potentials (ERPs) were used to measure cognitive
functions, including attention, expectation, and memory update [13]. The P300 wave (also
known as P3) of an ERP is a parietocentral positivity brain response that occurs when
a participant detects a relevant stimulus [14]. Its potential peak appears approximately
300 ms after the participant makes a stimulus discrimination (responds to the target
stimulus and ignores the non-target stimulus). Previous studies have shown that P300
potential varies by season as a function of the average sunshine, whereas no seasonal
variation was observed for P300 latency [15,16]. Currently, there is no convincing scientific
evidence that winter impairs cognition [17]. Recent studies on Japanese people have shown
shortened P300 latency, reaction time, and reduced P300 potential during severe heat
stress [6]. In addition, during severe cold stress, P300 latency was delayed but the P300
potential did not change [8]. However, according to Wijayanto et al. [18], participants
from southeast Asia (tropical native) had better resistance to a performance decrease than
Japanese participants (native) during heat exposure (i.e., leg immersion in 42 °C water).
Moreover, acclimatized individuals with improved physiological function to tolerate heat
stress should demonstrate greater resistance to performance losses caused by heat stress
than non-acclimatized individuals [19]. Consequently, an objective examination of the
effect of various thermal conditions (including natural and occupant-controlled conditions),
in different ethnicities is required.

Indonesia, located in the equatorial region, experiences a tropical climate with a
rainy and dry season. Indonesia receives approximately 12 h of sunlight. The average
maximum and minimum temperatures remain nearly constant at ~24 °C in the highlands
and at ~28 °C in the lowlands all year round [20]. Conversely, Japan has a temperate
climate with four seasons (summer, autumn, winter, and spring), where extreme thermal
conditions may occur during the summer (>35 °C occasionally in western Japan) and
winter (—20 °C is frequently recorded in Hokkaido) [21]. Being a subtropical country, the
daylight hours in Japan vary ~285 min between the summer and winter [22]. This seasonal
variability may affect human performance [23-25]. Furthermore, several previous studies
on indoor thermal environments revealed that ambient temperature and thermal comfort
are crucial in task performance [18,26-29].

For students who spent their first 20 years in Indonesia, the summer and winter
of Japan may be an unexpected challenge. In contrast, Indonesians might have better
performance in hot temperatures, according to previous data [15]. Once relocated to a
different climate, such as Japan, considerable effort may be needed to adapt to this new
environment [19,30,31]. Occupants can control their indoor environment using an air
conditioner (AC) and adapt their clothing to the indoor thermal environment. AC is a
main energy consumer in buildings, especially offices. Moreover, according to reports
from Indonesia, AC systems account for >50% of the total electricity consumed by build-
ings [1,32]. Additionally, many office buildings in Indonesia set lower temperatures than
the standard 21 °C to 23 °C to be comfortable [32], resulting in an increase in electricity
consumption. A previous study in Malaysia found that the amount of energy consumed by
AC was also dependent on the type of house and typical occupant behavior [33]. However,
in Japanese offices, the Cool Biz campaign promoted a minimum AC setting of 28 °C
for cooling while the Warm Biz campaign promoted a maximum AC setting of 20 °C for
heating [34]. Meanwhile, previous studies demonstrated that the comfort temperature
of Indonesians is 24-29 °C [35,36]. Therefore, the current study aimed to investigate and
compare the P300 and reaction time of Indonesians as tropical natives residing in Japan and
Japanese individuals as temperate natives at natural and comfort conditions. Accordingly,
we hypothesized that participants from Indonesia would be able to maintain their P300
performance and reaction time when exposed to natural conditions (hot during the summer
and cold during the winter). However, the difference in neutral temperatures between
Indonesian and Japanese participants would result in a different energy consumption.
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2. Methods
2.1. Experimental Conditions

The experiments were conducted during the summer (August-September) 2019, win-
ter (January—March) 2020, and summer (July-September) 2020 in Toyohashi, a city located
in the southeastern Aichi Prefecture in Japan (34°46'9” N, 137°23'29.5" E). The city climate
is hot and humid in the summer and cold and dry in the winter. The experiment started
at 10:00 Japan Standard Time (JST) and was performed in the experimental room of the
Building Energy Laboratory at the Toyohashi University of Technology. The temperature
could be controlled by AC. Figure 1 shows the floor plan of the experimental room and sen-
sor positions. The exterior walls of the experimental room are mostly reinforced concrete,
while the interior walls are mostly plasterboard with an aluminum frame.

I os |

A Wall temperature probe (h=1.1m)

A Air velocity probe (h = 1.1 m)

A Air temperature and relative humidity probe (h = 1.1 m)
. Radiant temperature probe (h = 1.1 m)

Figure 1. Experimental setup. Abbreviations: h, instrument height (m); Note: all room layout
dimensions in m.

In this study, the participants were subjected to four conditions to assess ERP P300
and reaction time in different days for each condition (see Figure 2 and Table 1). Natural
conditions (AC turned off) were referred to as “hot” in the summer and “cold” in the winter,
as a natural stimulation. Meanwhile, in comfort conditions (i.e., “cooling” and “heating”),
participants could adjust the ambient thermal environment of the experimental room by
controlling the AC within a temperature range of 20-26 °C, within the Indonesian comfort
standard [37]. During the summer experiments, the participants wore briefs (0.04 clo),
T-shirts (0.08 clo), and straight trousers (thin, 0.15 clo), to a total clothing insulation score of
0.27 clo. Conversely, in the winter, the participants wore briefs (0.04 clo), long underwear
bottoms (0.15 clo), straight trousers (thick, 0.24 clo), long underwear top (0.20 clo), long-
sleeved sweatshirt (0.34 clo), and ankle-length athletic socks (0.02 clo), to a total clothing
insulation score of 0.99 clo.
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Removed Skin Temperature Prob.
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Figure 2. Experimental protocol. Abbreviations: P300, brainwave response at approximately 300 ms; PVT, psychomotor

vigilance task.

Table 1. Controlled conditions during the summer and winter experiments.

Season Cond. AC Mode T (°C) MR (met) Clo (clo)
Summer Hot - - - 1 0.27
Cooling AC Cooling 20-26 1 0.27
Winter Cold - - - 1 0.99
Heating AC Heating 20-26 1 0.99

Abbreviations: Cond., condition; AC, air conditioner; T, setting temperature; MR, metabolic rate; Clo, clothing
insulation.

2.2. Experimental Instruments and Protocol

This study used both physical measurements to assess objective parameters (exper-
imental instruments listed in Table 2) and questionnaires to assess subjective sensations.
Each participant received a complete explanation of the experimental procedure one day be-
fore the experiment. The physical and mental conditions of the participants were assessed
by their responses to a questionnaire survey (Swedish occupational fatigue inventory).
During the experiment, participants were prohibited from consuming any caffeine, alcohol,
or medication. Local skin temperatures were also continuously recorded by thermistor
probes (409 ], Nikkiso-YSI, Tokyo, Japan) attached with surgical tape to the subject’s skin,
with the probe attached to a data logger (LT 8A, Gram Co., Ltd., Saitama, Japan). The skin
temperature was measured with reference to Hardy Dubois’s 7-point method: forehead
(Tq, °C), chest (T2, °C) and back (Ts, °C), upper arm (T3, °C), back of the non-dominant
hand (T4, °C), thigh (Ts, °C), lower leg (T, °C), and foot of non-dominant side (T, °C) [38].
Skin temperatures were monitored every 30 s. The following formula was used to calculate
the average skin temperature (T, °C).

Ts = 0.07T; + (0.175T + 0.175Tg) + 0.14T3 + 0.05T4 + 0.19T5 4 0.13T¢ + 0.07T; (1)
Body weight (W, kg) and height (H, cm) were measured using a GP 100K weight
scale (A&D Corporation, Tokyo, Japan) and a GL1955BL tape measure (TJM design,
Tokyo, Japan). The following equations were used to calculate body mass index (BMI) and

body surface area (BSA):
BMI = 10,000 x W/H?

BSA = 71.84 x W42 x H0725 » 104

2
®)

The temperature and relative humidity of the experimental room were measured using
an illuminance UV recorder (TR-74Ui, T&D Corp., Matsumoto, Japan). The air velocity and
mean radiant temperature (MRT) in the experimental room were measured using a 6332D
air flow transducer (Kanomax Japan Inc., Tokyo, Japan) and a globe temperature probe,
respectively, all recorded on a GL840 data logger (Graphtec Corp., Yokohama, Japan).
Probes were placed at the center of the room (see Figure 1). Physical environment loggers
(TR-74Ui and GL840) were activated prior to the beginning of the experimental procedure
(Figure 2). The skin temperature logger was activated immediately upon the participants’
entry into the experimental room and turned off after the experiment was finished. To
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investigate the data during experiment, the skin temperature and physical environment
data were selected according to range of experimental times as depicted in Figure 2
(0 when the experiment started and 75 when the experiment finished). We also calculated
the predicted mean vote (PMV) by combining the data from physical factors, including
air temperature, radiant temperature, air velocity, relative humidity, and human factors,
including the amount of clothing insulation and metabolic rate [39]. PMV is represented on
a numeric scale from —3 to +3 (=3, cold; —2, cool; —1, slightly cool; 0, neutral; 1, slightly
warm; 2, warm; and 3, hot).

Table 2. Experimental instruments.

Parameter Instrument Name Instrument Model Company Accuracy
Air temperature and . TR-74Ui (logger), and 0-55 °C (£0.5°C)
relative humidity llluminance UV Recorder THA-3151 (sensor) T&D Corp. +5%
Wall temperature Thermocouple cable T-type thermocouple cable Graphtec Corp.
Radiant temperature Globe thermometer Sibata 080340-150 Sibata
Air velocity Air Flow Transducer 6332D (Sensor) Kanomax Inc. +3%
Logger Mini logger GL800 Graphtec Corp.
Body mass Weight scale GP 100K A & D Corp. *lg
. . LT-8 Series (skin o
Skin temperature Skin temperature logger temperature logger) Gram Corp. +0.1°C
409 J (thermistor probe) Nikkiso-YSI Corp.
Reaction time Psychomotor Vigilance PVT-192 Arrilbuliatory 11 ms
Task Monitoring Inc.

P300 of ERP

Electroencephalogram

Intercross 415 (micro data
acquisition), and Intercross Intercross Corp. /

(EEG) 511 (stimulus generator)

Brain responses were examined by an electroencephalogram (EEG) to identify P300.
The P300 wave is an ERP generated by the EEG. During ERD, the brain potential changes
over time owing to external or internal events, and the EEG change during P300 occurs
about 300 ms following target stimulus [14]. The potential is defined as the difference
between the average pre-stimulus baseline voltage and the largest positive peak on the
ERP waveform within a time window [14,40]. The time interval between stimulus on-
set and the peak of positive potential within a time window is referred to as latency
(ms) [14,40]. Participants completed the performance measurements pre- and post-Uchida-
Kraepelin (U-K) test. The EEG of the ERP was measured using a microdata acquisition
terminal (Intercross 413, Intercross Corp., Tokyo, Japan) at three scalp locations (frontal
zero, Fz; central zero, Cz; and parietal zero, Pz) according to the International 10-20 system
method [41]. The sampling frequency for EEG measurements was 1000 Hz. The brain wave
was recorded with the filter set to 0.5 Hz, and the low-pass filter set to 40 Hz. A sound
stimulus generator (Intercross 511, Intercross Corp., Tokyo, Japan) was used to measure
the P300, during which participants listened to the sound through earphones connected to
the sound stimulus generator.

In this study, we performed an oddball paradigm task using a sound stimulus to
induce the P300. The non-target stimulus was 1 kHz, and the target stimulus was 2 kHz.
The appearance frequency for non-target and target stimuli was set to 70% and 30%,
respectively. The appearance interval of the sound stimulus was 1.5 s, and the task was
terminated when the sound stimulus appeared 100 times. Each participant was instructed
to press the button on the sound stimulus generator immediately upon hearing the target,
and then focus on the task. During this assignment, participants were also instructed to
stare at a cross point on the wall to minimize noise in the EEG due to eye movement (see
Figure 3a).
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(b)

Figure 3. (a) P300 test and (b) PVT. Abbreviations: P300, brainwave response at approximately
300 ms; PVT, psychomotor vigilance task.

The PVT is a preferred measure of behavioral alertness as it not only allows for
studying sleep deprivation, but also has psychometric advantages over other cognitive
tests [42]. It measures the simple reaction time (RT) on a stimulus that appears at random
interstimulus intervals (ISI) [43]. RT exhibits significant correlation with awareness in
several studies [44]. The stimulus on the PVT-192 Psychomotor Vigilance Task monitor
(CWE Inc., Ardmore, PA, USA) is a red number on the screen. In many applications, ISI
randomly varies from 2 to 10 s. The standard test time was 10 min, although a 5-min test
can also be used with the same performance results [45]. In our test, the participants were
asked to immediately respond to the stimulus. If the button was pressed when the counter
was not displayed on the screen, it was counted as a false start (see Figure 3b).

In the main task, each participant took a 30-row (1 min per row) U-K test with
a 1-min break after 15 rows (Figure 4). The U-K tests are simple summation tests for
mathematical problems that indicate the participant’s personality [46,47]. The objective
results of the U-K test represent speed, correct answering rate, accuracy, and consistency
and are strongly influenced by sensory perception and motor response [48]. Speed is
calculated as the average number of correct sums per line (in 1 min), whereas the correct
rate is the mean correct rate (number of correct answers divided by the number of answers)
for each row.

Answers of summation (only last digit)
1 2 3 4 5 /A 9 10 11 312 13 14 15 ; 115

set 1[ 8525052 67 g Q4 2 45550 57 4 8 & 7
2 [MORE R A /AT e TR B S N R S GRS (RO
3 2 () RS ) 8 4 7 5 0 7 1 6 4 8

Break 15 Break (1 minute)
16

End 30

Figure 4. Uchida—Kraepelin test simulation.

Before and after the U-K test, participants were asked to complete the thermal sensa-
tion questionnaire. The thermal sensation questionnaire was used to collect data related to
thermal comfort and sensation vote. Thermal sensation was rated on a nine-point scale
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standard from the Society of Heating, Air Conditioning, and Sanitary Engineers of Japan,
and thermal comfort was rated on a seven-point scale from —3 to +3 (Table 3). Thermal
comfort was investigated in detail with respect to thermal parameters and seasons.

Table 3. Scale of thermal sensation (TSV) and thermal comfort (TCV).

Scale Thermal Sensation Thermal Comfort
4 Very hot
3 Hot Very comfortable
2 Warm Comfortable
1 Slightly warm Slightly comfortable
0 Neutral Neutral
-1 Slightly cool Slightly uncomfortable
-2 Cool Uncomfortable
-3 Cold Very uncomfortable
—4 Very cold

2.3. Statistical Methods

We tested the data for normality using the Anderson—Darling test [49]. The test veri-
fies the normality hypothesis when p > 0.05, and if the normality hypothesis is rejected,
a nonparametric test is recommended. Subsequently, data were analyzed using Minitab
version 19 (Minitab, LLC, PA, USA). We compared two or paired sets of samples, and the
effects of controlled conditions were analyzed using a paired-sample t-test and analysis of
variance (ANOVA). Two-way ANOVA for repeated measures was used to statistically test
differences among the P300 potential, the P300 latency, the RT and U-K test score: group
(Indonesian and Japanese): df, 1; condition (hot, cooling, cold, and heating): df, 3; combina-
tion group and condition: df, 1, 3. Two-sample t-tests were conducted to compare sleep
quality between the two seasons. A p-value less than 0.05 was considered as statistically
significant.

3. Results
3.1. Participants’ Profiles

Twenty healthy males, all undergraduate and graduate students (11 males from
Indonesia: IDN; 9 males from Japan: JPN) participated in this study. They had the
following demographic characteristics (mean =+ standard deviation): IDN (29 =+ 4 years of
age, 72.02 £ 13.7 kg of body weight, 169 £ 5 cm of height, 24.4 £ 4.7 of body mass index,
and 1.78 £ 0.13 m? of body surface area) and JPN (23 + 1 years of age, 59.90 + 8.1 kg of
body weight, 170 £ 6 cm of height, 20.7 £ 2.1 of body mass index, and 1.69 + 0.13 m?2
of body surface area). In this study, Indonesian participants were born and had lived a
minimum of 20 years in Indonesia. All participants had normal or corrected to normal
sharp-sightedness. In the summer, sleep duration was significantly different between the
groups (IDN: 361.9 £ 62.1 min, JPN: 442.2 + 60.5 min, p < 0.05). However, it was not during
the winter (IDN: 406.1 + 89.7 min, JPN: 429.8 4 102.3 min, p > 0.05).

3.2. Thermal Sensation

In comfort conditions (cooling and heating condition), the participants adjusted the
ambient thermal environment of the experimental room by controlling the AC within a
temperature range of 2026 °C (cooling during the summer and heating during the winter)
and wore clothing with different insulation (0.27 clo. during the summer and 0.99 clo.
during the winter). The descriptive statistics of the physiological parameters in the four
controlled conditions (hot, cooling, cold, and heating) during the summer and winter are
presented in Table 4. The room air temperature (T,) and relative humidity (RH) in the hot
condition were significantly higher than those in the cooling condition (p < 0.05). Similarly,
T, and RH for the cold condition were significantly different from those in heating condition
(p <0.05).
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Table 4. Descriptive physiological statistics of study participants in the two controlled conditions
during the summer and winter.

Cond. T, (°O) RH (%) MRT (°C) AV (m/s) MST (°C)
Hot 31.0 (1.6) 64 (12) 31.4 (1.8) 0.02 (0.01) 34.3(0.7)
Cooling 245(1.8) 1 49 (10) * 254 2.2) 1 0.17 (0.26) t 32.9(0.8) 1
Heating 21.9 (1.3) 37 (10) 22.3(1.2) 0.15 (0.02) 32.2(0.8)
Cold 139 (2.3) % 53 (12) 1452.0) % 0.04 (0.01) ¥ 29.5(1.6)

Data are presented as mean (standard deviation). Abbreviations: T,, room air temperature; RH, relative humidity;
MRT, mean radiant temperature; AV, air velocity; MST, mean skin temperature. u Significantly different between
cooling and hot at p < 0.05. ¥ Significantly different between cold and heating at p < 0.05.

To confirm thermal comfort sensation, summaries of thermal sensation votes (TSV),
thermal comfort votes (TCV), and PMVs during the summer and winter experiments for
each condition are shown in Figure 5. TSV did not significantly differ between the IDN
and JPN group nor was significant the interaction between nationalities and conditions.
However, the TSV was significantly different (p < 0.05; df = 3; F = 61.77) among conditions.
Moreover, TCV was also not significantly different between nationalities and interaction
between nationalities and conditions. Similar to TSV, TCV significantly differed among
conditions (p < 0.01; df = 3; F = 33.07).

| WTSV(IDN) C TSV (JPN) XPMVI ATCV (IDN) 2 TCV (JPN)
Hot Cooling Heating cold™ Hot Cooling Heating  Cold
4 - 3 -
3 4 2
24 ¥ A
1 4 11 A
> >
2 0 3 © 0
-1 1 <] 1 A
X
-2 4 A
[ ] 2 A
_3 m
-4 -3
(a) (b)

Figure 5. The average of (a) TSVs, and (b) TCVs, during the summer and winter for each experimental
condition. T Significantly different between TSV (IDN) and PMV at p < 0.05.  Significantly different
between TSV (JPN) and PMV at p < 0.05.

Figure 6a,b, depict the correlation between indoor air temperature and TSV of the
IDN and JPN groups during the summer and winter. Furthermore, Figure 6¢ shows the
correlation between TSV for raw data and binned data. Interestingly, the slopes and
constants of both (raw data and binned data) are similar. Comparable with the previous
studies, this linear trend indicates that respondents staying in colder air temperatures
preferred warmer indoor environmental conditions, and vice versa [50,51].
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47 y-o04972x-13208 **°¢ y = 0.3984x - 8.6106
3 R? = 0.5956 @o/ 3 R? = 0.7646 °
2+ f 2+
1 F 1 F 0 7
> 4 . 2, , o e .
=2 35 40 Foo1p # 25 30
1% -1 f = T
2 |l e Tw» y = 0.3845x - 10.351 ol = .
” R =0.6219 - g
3 ° 3 e ¥ = 0.2291x - 5.4942
P R? = 0.4351
-4 4 Le
Ta (°C) T, (°C)
(a) (b)
| ----- Linear (Binned data) = ——— Linear (Raw data) |

r * o0

y = 0.257x - 6.3565

4
3 F R2 = 0.5575 * o0 B o
2 r N

= >

>
» 0
= .0 40
-2 ‘\
y = 0.2448x - 6.07
—3 | 00
S R? = 0.587
T, (°C)
(c)

Figure 6. Correlation between room air temperature (T,) and thermal sensation vote (TSV) during
(a) summer, (b) winter, and (c) summer and winter.

We also observed the mean T, (with TSV neutral = 0) of the IDN (summer: 26.9 °C;
winter: 23.9 °C) and JPN groups (summer: 26.5 °C; winter: 21.6 °C). Furthermore, according
to Rijal, H.B. [52], the linear regression model is ineffective in predicting the comfort
temperature. To predict the thermal comfort temperature for each participant based on
TSV votes, we used the Griffiths method with the following equation [53].

0—-TSV
TC = Ta + o (4)

where, T, is Griffiths comfort temperature (°C); T, is indoor air temperature (°C); 0 is neu-
tral condition; TSV is the thermal sensation vote; and o indicates the regression coefficient.
In a previous study, « = 0.5 was applied with the seven-point TSV [54]. However, two
more « (0.25 and 0.33) were added as an adjustment for the possibility of measurement
errors to explore T, [52]. In Table 5, the comfort temperature was determined by utilizing
three regression coefficients for the nine-point thermal sensation (0.33, 0.44, and 0.67) [55].
Furthermore, the p-values for the comparison between IDN and JPN for each regression
coefficient and the average indicated that there was no difference between IDN and JPN.



Energies 2021, 14, 7598

10 of 17

Table 5. Average comfort temperature calculated using the Griffiths method.

o IDN (°C) JPN (°O) Sig.
0.33 24.7 244 p=0.72
0.44 24.5 24.3 p=0.88
0.67 24.2 243 p=092
avg. 245 243 p=088

Abbreviations: «, regression coefficient; avg., average; IDN, Indonesian group; JPN, Japanese group; sig.,
significance.

3.3. P300

Figure 7a depicts the P300 potential of IDN and JPN groups in the pre- and post-U-K
tests in all conditions. Statistical analysis revealed that the P300 potential of both groups
did not change after the U-K test in all conditions (all ps > 0.05).

—4— Pre (IDN) - - - Post (IDN) mIDN 0JPN
—&— Pre (JPN) - -0 - Post (JPN)
35
35
s 2 up
S30 | =
= 2
- . —— 2
2 N .o o 25
S 25 u &
o | m---—= O. =3
R LR b——=__2 2
& 20 0 20
15 : } t i 15

a,b

Hot Cooling Heating Cold Hot Cooling Heating Cold

(@) (b)

Figure 7. Average P300 potential in (a) pre-/post-U-K test and (b) each condition. Abbreviation: IDN,
Indonesian; JPN, Japanese. * Significantly different between IDN and JPN at p < 0.05. ? Significantly
different P300 potential of IDN between hot and cold condition at p < 0.05. P Significantly different
P300 potential of JPN between hot and cold condition at p < 0.05.

In the ANOVA, the P300 potential did not differ between groups or among conditions.
However, it was different in the interaction between group and condition (p <0.05; df =1, 3;
F = 6.93). Moreover, the P300 potential showed differences during the hot condition
compared with cold condition in both groups (Figure 7b). Furthermore, the P300 potential
of the IDN group was lower (p < 0.05) in the hot condition than in the cold condition.
Meanwhile, for the JPN group the results were the opposite. Comparing the IDN and JPN
groups, the P300 potential of the IDN group was lower (p < 0.05) than that of the JPN group
during the hot condition.

The P300 latency in pre-/post-U-K test during all conditions is illustrated in Figure 8a.
The P300 latency of both groups did not change after the U-K test in any conditions (all ps
> 0.05).

In ANOVA, the P300 latency did not differ among conditions. However, it was
different between groups (p < 0.05; df = 1; F = 35.27) and in the interaction between
nationality and condition (p < 0.05; df = 1, 3; F = 7.55). Moreover, in comparison among
conditions, the IDN group did not show any difference in P300 latency between the hot
and cold conditions. Meanwhile, the JPN group showed a shorter P300 latency (p < 0.05)
when performing in hot conditions than in cold conditions. Comparing the IDN and JPN
groups, the P300 latency of the IDN group was lower (p < 0.05) than that of the JPN group
in both hot and cooling conditions (Figure 8b).
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Figure 8. Average P300 latency in (a) pre-/post-U-K test and (b) each condition. Abbreviation: IDN,

Indonesian; JPN, Japanese. * Significantly different between IDN and JPN at p < 0.05. b Significantly
different P300 latency of JPN between hot and cold condition at p < 0.05.

3.4. Reaction Time

Figure 9a shows the RT in the pre-/post-U-K test in all conditions. The RT of the IDN
group was delayed after the U-K test in the cooling and heating conditions (all ps < 0.05).
Meanwhile, the RT of the JPN group did not change after the U-K test in all conditions (all

ps > 0.05).
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Figure 9. Average of reaction time in (a) pre-/post-U-K test and (b) each condition. Abbreviation:
IDN, Indonesian; JPN, Japanese. * Significantly different between pre- and post-U-K test of IDN
at p < 0.05. * Significantly different between IDN and JPN at p < 0.05.

In ANOVA, the RT was different between groups (p < 0.05; df = 1; F = 6.32) and in the
interaction between group and condition (p < 0.05; df = 1, 3; F = 3.01). However, it did not
differ among conditions. Moreover, in comparison among conditions, none of the groups
shows any difference in RT between hot and cold conditions. Comparing the IDN and JPN
group, the RT of the IDN group was longer (p < 0.05) than that of the JPN group during the
heating condition (Figure 9b).

3.5. Uchida—Kraepelin Test

The UK test speed was different between groups (p < 0.05; df = 1; F = 31.61). More-
over, Figure 10a shows that the U-K test speed differed between hot and heating conditions.
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However, it was not different among all conditions and in the interaction between national-
ity and condition. With respect to the correct rate of the U-K test, as shown in Figure 10b,
we also found differences between IDN and JPN (p < 0.05; df = 1; F = 11.27). However, it
did not differ among conditions and in the interaction between nationality and condition.

mIDN OJPN mIDN OJPN
100 * 100 - *
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> 40t E
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Figure 10. Average (a) speed and (b) correct rate in the Uchida Kraepelin test. * Significantly different
between IDN and JPN at p < 0.05.

4. Discussion

The current study investigated the effect of natural (hot during the summer and cold
during the winter) and comfort conditions on brain responses (P300 potential and latency)
and RT. The main results of the current study showed no differences in P300 potential, P300
latency, and RT of IDN and JPN participants between comfort and natural conditions in
the summer and/or winter. Moreover, after performing the U-K test at comfort conditions
(cooling during the summer and heating during the winter), the RT of IDN group showed
a significant delay.

The responses in the thermal sensation and comfort evaluation performed in four
conditions did not differ between the IDN and JPN group in any conditions. Moreover,
in a neutral temperature analysis, the current study observed that the neutral tempera-
ture of the IDN group was higher than that of the JPN group during the winter. This
was similar to recent studies revealing differences between Japanese and non-Japanese
individuals [56-58]. To cope with the higher neutral temperature of IDN people, energy
consumption might increase. Moreover, previous studies in Japan have shown that low-
ering the indoor temperature setting by 1 °C for heating can result in a 10% reduction in
energy consumption [59,60]. According to Nakano et al. [56], three factors cause differ-
ences in neutral temperature: clothing insulation, activity, and expectation. Therefore, it
is unsurprising that there were no differences in neutral temperature during the summer,
as participants wore identical clothing insulation, engaged in similar activities, and were
experienced in a warm environment.

P300 is defined as a measure of the brain’s active potential (potential) and the time
required to evaluate a stimulus (latency) [6,61]. The lack of changes in the P300 potential,
latency, and RT between hot and cooling differed from a previous study that reported
significant changes in the P300 potential, latency, and RT between pre-heat (Tg = 33.6 °C)
and heat stress conditions (T, = 39.4 °C) [6]. Further, indifference in the P300 potential,
latency, and reaction time between cold and heating was different to a previous study
that reported significant changes in the P300 latency between pre (T = 35.0 °C) and cold
stress conditions (Tg = 30.4 °C) [8]. These differences might indicate that the hot—cooling
(Tex = 34.3-32.9 °C) and cold-heating (T = 29.5-32.2 °C) conditions in the present study
were not as severe as in previous research (hot condition: Ty = 33.6-39.4 °C; cold condition:
Tgk = 35.0-30.4 °C).
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Moreover, in the cooling and heating conditions, the ambient temperatures were
similar to the comfort temperature range (20.5-28.2 °C) reported by Yang et al. [62]. We
consider that the IDN group in our study had adapted to a hot environment (as they
resided in IDN for > 20 years). As tropical natives, IDN participants might have been
accustomed to performing cognitive tasks in a hot environment. In general, the higher the
ambient temperature, the more difficult the task [14,63-65]. Under specific conditions, heat
stress (T, = 24 to 32 °C) has harmful effects on cognitive functioning in older adults [66].
Moreover, previous studies have reported increased P300 latencies and decreased potentials
due to “equivocation” or information loss [67] and difficulty in maintaining sustained
attention [68].

Meanwhile, attention is influenced by task difficulty. A task that requires greater
attention, shows a smaller P300 potential and longer latency as more processing resources
are needed for task performance [69,70]. However, in this study, performing the U-K test
with 30 rows (1 min break after 15 rows) did not decrease P300 performance in all conditions.
Furthermore, in mental stress measurement, a previous study reported no significant
change in any mental stress parameter during or after the U-K test [47]. It might indicate
that performing the U-K test with 30 rows did not require much attention (monotonous
simple task).

RT is correlated with daytime sleepiness levels during subjective measurements [71]
and the time interval between stimulus onset and response measurement [6]. However,
in this study, the contrasting physical environment conditions did not lead to any dif-
ferences in each group. However, we observed a significant difference between the pre-
and post-U-K test. In the IDN group, RT was significantly delayed in the cooling and
heating condition. In winter, the average outdoor air temperature in the current research
was 7.7 & 3.0 °C [22], which means that participants, particularly those from IDN, may feel
more discomfort due to the cold air. As a result, the IDN group began to relax in the heated
environment, resulting in a delayed RT. Teichner and Kobrick [72] found a reduced final
limit for visuomotor performance after prolonged exposure to cold. Hancock [73] claimed
that vigilance performance is impaired only when the deep body temperature deviates
from a normal steady state. However, when participants returned to warm conditions, they
demonstrated a rapid return to their expected performance [72,74]. Moreover, according to
Romeijn et al. [75] and Kulve et al. [76], the level of alertness and sleepiness is related to
the skin temperature in response to ambient temperature. Romeijn et al. [75] predicted that
the sleep-promoting maximum temperature capacity peaks at approximately Tg = 34 °C
and that the vigilance-promoting capacity is greatest at approximately Tq =30 °C.

When comparing the IDN and JPN group, the P300 potential of the IDN group was
lower in the hot condition in the summer and the P300 latency longer in hot and cooling con-
ditions in the summer compared with the JPN group. With respect to thermal experienced,
the IDN group was familiar with warm temperatures and inexperienced with Japan’s win-
ter conditions (mild). As tropical natives, IDN participants were adapted to a new climate
in the long-term (i.e., more than 20 years) [77]. In our study, participants were staying
in Japan for about 6 months. Furthermore, the P300 potential was significantly smaller
and P300 latency significantly longer after sleep deprivation or a bad night’s sleep [78-80].
Differences in sleep duration in the IDN group in the summer (361.9 £ 62.1 min) and
winter (406.1 £ 89.7 min) might account for these findings. Regarding the effect of sleep on
the next day’s performance, studies on the impact of sleep on athletes” sports performance
and student performance are being conducted. Insufficient sleep time, sleep disturbances
due to external factors, and sleep deprivation has reduced performance [81-84], depressed
mood, and poor memory or concentration [85].

5. Conclusions

We investigated P300 and the RT of Indonesian and Japanese individuals in natural
(hot in the summer and cold in the winter) and comfort conditions (cooling and heating),
and found that the temperature under contrasting conditions (hot, cooling, cold, and heat-
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ing) did not influence either P300 potential or latency in Indonesian and Japanese people,
as the ambient temperature was not severe in the present study. Moreover, the U-K test
did not require great attention. However, the effect of the comfort condition (cooling
and heating) on RT was more pronounced than the natural condition, particularly in the
Indonesian group. With a shorter sleep duration during the summer, the P300 potential
of Indonesians was lower in hot conditions (summer), and their P300 latency longer in
hot and cooling conditions (summer) than the Japanese group. Moreover, in everyday life
during the winter, the Indonesian group might experience more discomfort due to cold air.
Consequently, the Indonesian group began to relax in the heating condition, promoting a
delayed RT, and a lower correct rate in the U-K test is lower. Moreover, it is possible that
energy consumption will increase in order to cope with a higher neutral temperature of
the Indonesian group during the winter. According to the findings presented here, brain
response (P300) is related to cognitive response (U-K test and RT of PVT). Additionally,
skin temperature and thermal sensation influence the cognitive response. P300, on the other
hand, is influenced by a previous night’s sleep, fatigue, and physical condition (present
environment).

These findings are useful in terms of the methodology used to investigate brain
response and RT in natural and comfortable environments. However, there are limitations
due to the small number of participants and the temperature differences between natural
and comfortable conditions. Despite its limitations, this research adds to the body of
knowledge regarding brain response, RT, and thermal comfort, particularly for tropical
natives living or working in Japan. A larger-scale study, including more participants, more
extreme temperatures, and other reliable measures, is warranted to prove or disprove
our findings.
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