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Indoor thermal environment is important for maintaining comfort and health. In a tropical
region, it becomes more critical when the air-conditioning system consumes excessive
energy for a whole year. This study aims to clarify the impact of thermal environment
on human comfort and building-related symptoms in air-conditioned offices. A field
study was conducted in office spaces in Singapore and Thailand from 2017 to 2019
by installing data loggers to measure thermal variables together with a questionnaire
survey. As a result, the psychometric charts of ASHRAE 55 show that most of the
measured thermal environments were fitted to the 1.0 clo comfort zone, which was
not recommended for people in this region. Overcooling determined the cause of
high discomfort when people felt cold and preferred a warmer temperature. Based on
Griffith’s method, average comfort temperatures were 24.8◦C (Singapore) and 24.0◦C
(Thailand). The probit analysis illustrated that the comfort temperature range for a
dissatisfaction of 20% was 23.6–26.4◦C (Singapore) and 22.9–25.6◦C (Thailand). These
comfort temperature ranges which were higher than the measured values reflected
the clothing adaptation and the personal complaints. Symptoms were reported in the
coldest temperature group (21–22◦C), with the highest odds ratio (OR) of symptom
occurrence. The thermal sensation vote (TSV) defined that the higher rate of symptoms
belonged to the colder-than-neutral side, whereas the thermal comfort vote (TCV) could
not well predict the symptom occurrence. The intention of enhancing comfort and
promoting better health conditions in the offices of these regions was discussed, while
considering warmer indoor temperatures.

Keywords: thermal comfort, indoor environment, building-related symptoms, air-conditioned office,
tropical region

INTRODUCTION

In tropical regions, the indoor thermal environment of an air-conditioned office building is
maintained through a cooling load throughout the year (de Dear et al., 1991). The operation
and maintenance of such air-conditioning systems in offices account for more than half of the
total electricity distribution (Kofoworola and Gheewala, 2009); the demand for air conditioning in
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office buildings is greater than that of all other applications of
air conditioners in buildings (Yamtraipat et al., 2005). Owing to
economic developments, the demand for office space unitization
has increased (Coldwell Banker Richard Ellis [CBRE], 2019).
Consequently, there has been an increase in the use of air-
conditioning loads to provide cool indoor environments for
workers within office spaces. However, this increasing use of air
conditioning has forced governments of different countries to
address the emerging future crises of cooling loads. This has led to
the implementation of energy-saving measures (Coldwell Banker
Richard Ellis [CBRE], 2019; International Energy Agency [IEA],
2019). For instance, the concept of reducing energy consumption
by maintaining an optimal indoor temperature, which is also
known as the set-point temperature policy, was implemented
in several countries worldwide (Tan, 2008). In the temperate
climate zone, Japan launched a campaign for the reduction of
energy consumption in buildings; this campaign was named
“Coolbiz,” and it implemented setting higher temperatures of
up to 28◦C during the summer. Thus, people adjusted their
lifestyles by wearing lighter clothes, instead of suits and ties;
consequently, this dress code became a common office practice
(Nakashima, 2013). Locally, Singapore standards declare that
the minimum indoor room temperature should be maintained
between 24 and 26◦C (S.P.R.I.N.G, 2009), whereas the Thai
standard (The Engineering Institute of Thailand Under H
M The King’s Patronage [EIT], 2016) follows the suggestions
recommended by the American Society of Heating, Refrigerating,
and Air-Conditioning (ASHRAE) standard (American Society of
Heating Refrigerating Air-Conditioning Engineers [ASHRAE],
2017). Furthermore, the Thai government promotes setting a
temperature of up to 25◦C during the summer with the aim
of reducing energy consumption (Energy Policy and Planning
Office [EPPO], 2018). However, indoor conditions are not
maintained based on the preferences of people; instead, these
conditions are set based on the design and operation of
overload cooling (Sekhar, 2016). The actual temperature is often
lower than the optimum standard, which may cause occupants
to complain and adjust to uncomfortable conditions (mainly
through changes in their attire) (Sikram et al., 2019). For
several decades, adaptive thermal comfort studies have been
conducted in the field and also by using climate chambers.
These experiments have revealed that people in different climate
zones have different thermal preferences (Fanger, 1970; de Dear
and Brager, 1998; de Dear, 2004). Based on a study of the
adaptive thermal comfort in Southeast Asian countries, the
comfort temperatures for workers in air-conditioned offices was
up to 25.6◦C in Malaysia, 26.3◦C in Indonesia, and 26.4◦C in
Singapore, when the average operative temperatures of these
countries were 24.4, 25.9, and 23.2◦C, respectively (Damiati et al.,
2016). Although thermal performance is maintained within a
standard range, the comfort temperature remains variable and
is also higher than the actual operative temperature. However,
indoor thermal environment can affect the comfort, health,
and productivity of a person (World Health Organization
[WHO], 1990; Ajimotokan and Oloyede, 2009). The health
of people working inside air-conditioned offices depends on
biological, chemical, and thermal variables (Turiel, 1998). A study

conducted in the tropical climate zones of China indicated that
extended exposure to air-conditioned environments may cause
discomfort to the human body, although a few people were
more comfortable in such cool air-conditioned environments
(Cao et al., 2012). Furthermore, the probability of sick building
syndrome can be higher if thermal variables, such as ambient
temperature, relative humidity (RH), and ventilation rate, are
not controlled appropriately (Amin et al., 2015). Jaakkola et al.
(1989) indicated that room temperature is a significant factor
influencing sick building syndrome, and the sensation of dryness
and well-being are correlated when the room temperature
exceeds 22◦C. A study in the United States reported that a
majority of the office buildings operate at low temperatures
during the summer and that a temperature exceeding 23◦C is
associated with a decrease in most symptoms, including stuffy
or runny noses, sore or dry throats, and dry, itchy, or irritated
eyes and skin (Mendell and Mirer, 2009). In Singapore, Foo and
Phoon (1987) reported that approximately 60% of the occupants
in air-conditioned offices were exposed to room temperatures
lower than 24◦C and that more than 80% of these occupants
would be more comfortable when the air temperature was 27◦C.
Chen and Chang (2012) observed thermal environments through
subjective feedback from 18 offices. They found that occupants
experienced cool indoor environments at 23–26◦C with an RH
of 50–70% and that the average ventilation rate was three times
higher than the local standard (10 L/s-person) (S.P.R.I.N.G,
2009). A majority of the occupants (70.9%) reported feeling a
cold sensation; the occupants had to put on additional clothes to
continue working in the office. Due to the psychological factors
introduced, approximately 33% of the occupants reported feeling
fatigue. Thus, it is evident that indoor thermal environment
affects the comfort and health of occupants. Therefore, the
data obtained via recent studies need to be calibrated more
accurately, owing to the previously limited number of field
studies in hot-humid climates. To address these issues, this
study aims to (1) assess the on-site thermal environment and
estimate the range of comfort temperature by comparing it with
previous studies and (2) observe the relationship between human
comfort and building-related symptoms with respect to thermal
environments. It would also be advantageous to consider indoor
environments with regard to sustainability and the well-being of
occupants to realize a promising future.

OUTLINE OF METHODOLOGIES

Climate Description
According to the Köppen climate classification (Kottek et al.,
2006), Singapore and Thailand are identified as hot and humid
regions. Singapore is located in the AF zone (regions with
tropical rainforest climate are typically designated AF by the
Köppen climate classification) at 1◦ 17′ 24.9720′′ N latitude and
103◦ 51′ 7.0524′′ E longitude. The average outdoor temperature
for 2017–2019 was between 26 and 32◦C, with 62–91% RH.
Similarly, Bangkok, in Thailand, is located in a hot and humid
climate zone designated as AW (typically savanna) at 13◦ 02′
19.93′′ N latitude and 101◦ 29′ 24.37′′ E longitude. The average
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outdoor temperature ranges from 25 to 34◦C, with 50–93% RH.
The climates of both these countries have similar characteristics
of temperature and humidity throughout the year (Weather
Underground, 2019a,b).

Field Study of the Indoor Environment
Information regarding the case study is described in Table 1.
During the period of 2017–2019, field surveys were conducted
in four offices in Singapore and eight offices in the metropolitan
city of Bangkok, Thailand. All the offices were identified as
large-scale buildings belonging to both government sectors and
private companies for computer-based working activities. Air-
conditioning systems could be equipped with individual units
(water-cooled package units) or central units (water-cooled
chiller and chilled beam) to supply cooled air to all the office
floors. The measurement data were only collected in open-
planned spaces, whereas cellular and executive rooms were
excluded. The offices were monitored during the survey to
collect indoor environmental metrics, as shown in Table 2.
Data logger measuring devices were installed at a height of
approximately 1.1 m from the floor and attached to working
partitions near occupants seated at the perimeter (near windows)
and interior zones (Chen and Chang, 2012; Damiati et al., 2016;
Mustapa et al., 2016). We used TR-74Uvi sensors to measure
air temperature and RH at intervals of 10 min. RTR-52A 7′′
Globes were set to calculate the globe temperature at intervals
of 10 min. Air velocity was measured using an anemometer at
each location, at intervals of 60 s. The mean radiant temperature
(MRT) was estimated using the equation provided by ISO 7726
(International Organization for Standardization [ISO], 1998) for
a standard globe diameter of 0.15 m with a globe emissivity
of 0.95: MRT = [(Tg + 273)4 + 2.5 × 108

× Va
0.6 (Tg −

Ta)]1/4
− 273, where Tg is the globe temperature, Va is the

wind velocity, and Ta is the air temperature. The operative
temperature was estimated using the equation provided by
ISO 7730: to = ta + (1 − A)(tr − ta), where to is the
operative temperature, te is the air temperature, and A is the
coefficient of air velocity (A = 0.5 when air velocity is ≤0.2 m/s)
(International Organization for Standardization [ISO], 1994).

Questionnaires
A questionnaire sheet was provided to the occupants of the
offices in order to evaluate the subjective perception of thermal
environments; this questionnaire was derived from ASHRAE 55
(American Society of Heating Refrigerating Air-Conditioning
Engineers [ASHRAE], 2017). It involved three questions: a
seven-point scale of thermal sensation vote (TSV): cold (−3),
slightly cold (−2), cool (−1), neutral (0), warm (1), slightly
hot (2), and hot (3); five-point scale of thermal comfort vote
(TCV): uncomfortable (−2), slightly uncomfortable (−1), neutral
(0), slightly comfortable (1), and comfortable (2); and five-
point scale of preference (TPV): colder (−2), slightly colder
(−1), no change (0), slightly warmer (1), and warmer (2).
We interviewed occupants twice per day, at 11:00 and 15:00,
during the acquisition of thermal variables. This questionnaire
was not to be answered when occupants were not at their

assigned seats. Occupants were questioned about their attire,
the upper (shirts, t-shirt, cardigan, sweater, etc.), lower parts
(trousers, pants, skirts, etc.), socks, and shoes, to evaluate
their personal characteristics. The equation for the clothing
rate is derived from ISO 9920 (International Organization for
Standardization [ISO], 2007): Icl = 0.161 + 0.835 × 6Iclu,
where Iclu is the effective thermal insulation, according to the
table of the insulation values of typical clothing ensembles.
The last part of the questionnaire comprised a multiple-
choice question inquiring about the building-related symptoms
experienced by occupants throughout the day due to the thermal
environment. The questionnaire was in English for the occupants
in Singapore, and it was translated into Thai for those in
Thailand. In total, there were 274 subjects with 1,109 votes
(126 males and 148 females) in Singapore and 514 subjects
with 2,197 votes (232 males and 282 females) in Thailand.
The number of females in both countries was slightly higher
than that of males.

RESULTS AND DISCUSSION

Thermal Environmental Performance
The results obtained from the field surveys are categorized in
Table 3, which indicates the mean values and standard deviations
of the thermal environmental indices. In Singapore, the average
room temperature (Tr) ranged between 23.1 and 24.1◦C. The
mean room temperature of three offices in Singapore was lower
than 24◦C which was the minimum recommended value for
air-conditioned office spaces (S.P.R.I.N.G, 2009). Office SG–3
featured the lowest temperature of 21◦C, whereas Office SG–
4 featured the highest value of 25.1◦C. The fluctuation in
the room temperature during working hours was from 1.2–
3.7 K; the most stable temperature range was observed in Office
SG–2. The average RH was 45.2–66.0%; the lowest RH was
observed in Office SG–1, and the highest RH was observed
in Office SG–4. The maximum RH reached 71.8% in Office
S–2, and the minimum RH dropped to 42.3% in Office SG–
1. The average RH in two out of five offices (Office S–2 and
S–4) exceeded 60%. In Thailand, the average Tr was 22.0–
23.7◦C which was lower than the minimum suggested value
by the local standard at 24◦C (The Engineering Institute of
Thailand Under H M The King’s Patronage [EIT], 2016). The
lowest value was observed in Office TH–3, whereas the highest
value was observed in Offices TH–1 and TH–6. The widest
range was obtained in Office TH–3, varying between 20.3 and
24.7◦C (1T = 4.4 K), and the narrowest range was observed
in Office TH–8, ranging from 21.8 to 24.1◦C (1T = 2.3 K).
The average RH was 47.3–65.3%; the highest average RH was
observed in Office TH–2, and the lowest average RH was
observed in Office TH–5. The most stable RH of 16.4% was
observed in Office TH–5, whereas the most unstable RH of
126.4% was observed in Office TH–3. The average air velocity
was highly stable at 0.10–0.20 m/s, which is typical for air-
conditioned buildings. In most cases, the operation of the fresh
air ventilation system was considerably normal, compared with
the average level of CO2 concentrations, which was limited
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TABLE 1 | Information of the surveyed offices.

Building code Singapore Thailand

SG–1 SG–2 SG–3 SG–4 TH–1 TH–2 TH–3 TH–4 TH–5 TH–6 TH–7 TH–8

Period of investigation

Date 31–1 2–3 13–14 30–31 24, 27 2–3 12–15 19–22 24–26 4–6 12–13 9, 12

Month OCT, NOV NOV MAR MAY APR MAY JUN JUN SEP MAR MAR SEP

Year 2017 2017 2018 2018 2018 2018 2018 2018 2018 2019 2019 2019

General information

Owner PRI PRI GOV PRI PRI PRI PRI PRI PRI GOV PRI GOV

Number of total floors 9 42 5 17 7 40 19 20 25 29 43 20

Measuring floor details

Orientation NW, SE, SW N, NE, SE SE, NW N, S N, S, SW N, NW, SW N, S SE, SW S, W NE, NW, SE, SW SE, SW S, SW

Floor level 4 31 3, 5 5 4 14 14 7 11 17 32 7

Typical floor area (m2) 963 1935 426 2425 1,416 3,250 1,212 1,828 1,400 1,336 1,120 1,022

Measuring area (m2) 550 879 360 1,761 862 437 737 372 674 290 492 576

Ceiling height (m) 3.0 2.8 2.9 3.6 2.7 2.9 2.7 2.6 3.2 3.0 2.6 3.0

HVAC system

Type of HVAC system WC-C WC-C WC-P WC-C WC-P WC-C WC-P WC-C WC-C WC-C WC-C CB

Cooling set-point (◦C) 23 23 23 24 23 22 22–23 24 23 24 23 23

Period of operation 8:00– 8:30– 7:30– 8:00– 7:30– 5:00– 7:00– 7:00– 8:00– 7:00– 7:30– 6:30–

17:00 17:00 22:00 17:00 17:00 18:00 22:00 17:00 18:00 18:00 18:30 16:45

Number of occupants

Male 8 48 22 48 23 24 18 52 36 11 23 45

Female 23 40 30 55 14 35 30 55 47 48 20 33

Total 31 88 52 103 37 59 48 107 83 59 43 78

PRI, private office; GOV, government office; WC-C, water-cooled chiller; WC-P, water-cooled package; CB, chilled beam.
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TABLE 2 | Methods and devices for measuring the thermal environment.

Indoor environmental parameters Measuring devices Record interval Number of measuring points Measure height from the floor (m)

Air temperature and humidity TR-74Uvi 10 min 4–13 1.1

Mean radiant temperature (Tmrt) RTR-52A 7′′ Globe 10 min 4–13 1.1

CO2 concentration TR-76Ui 10 min 2–13 1.1

Air speed Anemometer 60 s 5–6 1.1

TABLE 3 | Average value of thermal variables in case studies.

Case Item Tr Tmrt Top RH AH AV CO2 Tout RHout

(◦C) (◦C) (◦C) (%) [g/g (D/A)] (m/s) ppm (◦C) (%)

Singapore

SG–1 Mean 23.7 23.5 23.6 45.2 0.0084 0.05 766 28.3 80.0

SD 0.7 0.7 0.7 1.6 0.0003 0.01 126 1.9 11.0

SG–2 Mean 23.3 23.1 23.2 65.0 0.0118 0.06 857 29.3 77.5

SD 0.4 0.3 0.3 3.5 0.0006 0.03 108 1.0 6.1

SG–3 Mean 23.1 23.0 23.1 57.9 0.0103 0.12 762 31.1 63.6

SD 1.2 1.3 1.2 3.9 0.0005 0.07 78 1.1 4.8

SG–4 Mean 24.1 23.9 24.0 66.0 0.0125 0.07 863 27.4 84.4

SD 0.4 0.5 0.5 2.4 0.0004 0.33 180 1.8 7.9

Thailand

TH–1 Mean 23.7 23.6 23.6 57.8 0.0107 0.18 1050 33.1 63.0

SD 0.6 1.0 0.8 6.1 0.0010 0.13 188 1.9 6.7

TH–2 Mean 22.7 22.8 22.8 65.3 0.0114 0.08 829 32.0 66.5

SD 0.8 0.8 0.8 3.9 0.0004 0.03 135 0.9 3.5

TH–3 Mean 22.0 22.0 22.0 52.1 0.0087 0.08 765 32.9 62.2

SD 1.1 0.8 0.9 6.0 0.0011 0.03 115 0.8 6.9

TH–4 Mean 22.4 22.4 22.4 63.6 0.0109 0.07 760 32.9 59.9

SD 0.7 0.6 0.6 2.3 0.0002 0.03 49 0.9 5.7

TH–5 Mean 23.0 23.3 23.2 47.3 0.0084 0.06 841 31.6 66.5

SD 0.5 0.7 0.6 1.6 0.0003 0.02 153 1.9 9.3

TH–6 Mean 23.7 23.8 23.8 60.8 0.0113 0.09 658 33.7 45.4

SD 0.5 0.6 0.5 2.7 0.0003 0.03 136 1.2 7.9

TH–7 Mean 22.8 23.0 22.9 50.9 0.0089 0.12 900 35.6 33.0

SD 1.1 1.2 1.1 3.6 0.0004 0.05 132 1.7 12.2

TH–8 Mean 22.9 22.9 22.9 50.1 0.0089 0.08 722 32.2 60.5

SD 0.5 0.7 0.6 3.3 0.0007 0.03 93 0.7 1.5

Tr, room temperature; Tmrt, mean radiant temperature; Top, operative temperature; RH, relative humidity; AH, absolute humidity; AV, air velocity; CO2, carbon dioxide;
Tout, outdoor temperature; RHout, outdoor relative humidity.

to 1000 ppm (American Society of Heating, Refrigerating, and
Air-Conditioning Engineers [ASHRAE], 2019). This implies
that the mechanical ventilation system of most of the studied
offices operated under typical conditions and provided sufficient
volumes of fresh air. The average outdoor temperatures in
Singapore were 28.3–31.1◦C, with 63.6–84.4% RH, whereas
those in Thailand were 31.1–35.6◦C, with 33.0–66.5% RH.
The difference between indoor and outdoor conditions was
3.3–8.0◦C with 5.7–34.8% RH in Singapore and 8.6–12.8◦C
with 3.7–19.2% RH in Thailand. The cases in Thailand were
expected to be more severe when the difference between
indoor and outdoor temperatures was higher than that in
Singapore, due to the lower indoor temperatures. Considering
the temperature index, air temperature, globe temperature, MRT,
and operative temperature, the regression equations and the

correlation among these measured temperature indices of the
case studies are listed in Table 4. All the cases exhibited nearly
identical trends. Variations in the trend lines of these indices
occur when the insulation envelope is insufficient; this can be
used to confirm if the entire building is well insulated. When
the glass window was inadequate in restricting heat from the
outside, there was only a weak correlation between the room
and globe temperatures (Damiati et al., 2016). In this study,
the operative temperature is primarily used to define thermal
comfort, which is then compared with subjective votes obtained
via the questionnaire. The psychometric charts based on the
ASHRAE standard (American Society of Heating Refrigerating
Air-Conditioning Engineers [ASHRAE], 2017) are shown in
Figure 1. The recommended comfort zone for people in tropical
regions is 0.5 clo, which is suitable for light clothes rather
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TABLE 4 | Regression equations and correlation coefficients of room temperature
and other temperature variables.

Country Item Tr: Tg Tr: Tmrt Tr: Top

Singapore Eq. Tg = 0.9479
Tr + 1.1161

Tmrt = 0.913
Tr + 1.8735

Top = 0.9565
Tr + 0.9368

r 0.96 0.90 0.97

Thailand Eq. Tg = 0.8937
Tr + 2.4473

Tmrt = 0.9267
Tr + 1.7305

Top = 0.961
Tr + 0.9179

r 0.90 0.88 0.97

Tr , room temperature; Tmrt, mean radiant temperature; Top, operative temperature.
Eq., equation; r, correlation coefficient. All correlation coefficients are significant
(p < 0.001).

than thick suits and ties; the latter are more suitable for the
comfort zone of 1.0 clo. Therefore, the thermal environments
of the three Singapore offices—Offices SG–1, SG–2, and SG–
3—correspond to the 1.0 clo comfort zone, which is higher
than the 0.5 clo comfort zone. Office SG–2 yielded the lowest
rate of 12% when fitted to the appropriate zone; however, the
thermal environment in Office SG–3 appeared to be fitted to
the 0.5 clo zone, with the highest rate of 39%. However, there
was only one case in Singapore (Office SG–4), where most of
the values were beyond both comfort zones; this was attributed
to the extreme absolute humidity, which exceeded 0.012 kg/kg
(D/A). Similar to the cases in Singapore, most of the thermal
environments in the Thailand offices corresponded to the 1.0 clo
comfort zone. They fitted to the 0.5 clo comfort zone at 13% and
to the 1.0 clo zone at 85%; at 2%, they were beyond both comfort
zones due to excessive humidity. Among the eight cases, Office
TH–6 yielded the most suitable thermal condition with a high
operative temperature and optimum absolute humidity of 44% in

the 0.5 clo zone and 54% in the 1.0 clo zone. Furthermore, Office
TH–4 had the coldest thermal condition; 98% of the thermal
values were in the 1.0 clo zone, and 2% of these values were
in the 0.5 clo zone. The thermal environments in the offices
in Thailand shifted out of the recommended zone more than
those in Singapore with a cooler temperature and lower absolute
humidity. In five offices, the thermal environments exceeded 80%
in the 1.0 clo zone.

Predicted Mean Vote (PMV)
The predicted mean vote (PMV) is a well-known benchmark
for evaluating thermal comfort in an office building. We used
the PMV to estimate the amount of thermal environments,
and the characteristics of the participants in our study could
be fitted to a particular climate zone. PMV uses the data of
(1) thermal variables measured during working hours, such as
temperature, RH, and wind velocity, and (2) the occupants’
information, such as metabolic rates and clothing insulation,
obtained from the questionnaire. A metabolic rate of 1.1 was
used, which was satisfactory according to a typical rate for
occupants of an office provided by ASHRAE 55 (American
Society of Heating Refrigerating Air-Conditioning Engineers
[ASHRAE], 2017). The clothing insulation of the workers in
Singapore ranged from 0.26 to 1.69 clo, with an average of
0.60 clo, whereas that of the workers in Thailand ranged from
0.26 to 1.45 clo, with an average of 0.61 clo. The recommended
PMV range was from−0.5 to + 0.5. Table 5 presents the results of
PMV, in accordance with the ASHRAE standard. The compliance
rate of the cases in Singapore was 30–68%, and that for the
cases in Thailand was 19–56%, which is lower than that of
Singapore. The values of all the cases in both countries were

FIGURE 1 | Indoor thermal environments of the case studies on a psychometric chart of the ASHRAE 55 standard: (A) Singapore and (B) Thailand.
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TABLE 5 | PMV estimation.

Case N Mean SD −0.5 > PMV −0.5 ≤ PMV ≥ 0.5 PMV < 0.5

(%) (%) (%)

Singapore

SG–1 99 −0.4 0.4 32 67 1

SG–2 387 −0.4 0.4 35 65 0

SG–3 158 −0.6 0.6 66 30 4

SG–4 465 −0.3 1.2 24 68 8

Total SG 1109 −0.4 0.8 34 61 4

Thailand

TH–1 97 −0.7 0.5 68 32 0

TH–2 151 −0.5 0.5 48 50 2

TH–3 314 −0.9 0.5 81 19 0

TH–4 471 −0.7 0.3 76 23 1

TH–5 492 −0.4 0.4 43 56 1

TH–6 305 −0.2 0.4 34 61 5

TH–7 142 −0.8 0.6 74 25 0

TH–8 225 −0.6 0.5 71 29 0

Total TH 2197 −0.6 0.5 61 38 1

N, number of samples; SD, standard deviation; PMV, predicted mean vote.

under 80% of the recommended zone, mainly due to the low
operative temperature.

Subjective Votes
Thermal sensation votes are shown in Figure 2. The TSV for
all cases in both countries was categorized into three groups:
a neutral group (TSV = 0 or TSV0), colder-than-neutral group
(TSV = −1 to −3 or TSV−), and warmer-than-neutral group
(TSV = 1–3 or TSV+). TSV indicated a similar trend with
average values of −0.8 and −0.6. For all offices, the highest votes
were cast for TSV0, accounting for 32–52% (with an average
of 40%) in Singapore and 38–64% (with an average of 51%)
in Thailand. TSV− ranged from 35 to 60%, whereas TSV+
ranged from 4 to 24%. In Singapore, TSV− was 35–60%; SG–
4 (average Tr = 24.1◦C) had the lowest rate and SG–2 (average
Tr = 23.3◦C) had the highest rate. In Thailand, TSV− was 30–
54%, with the lowest rate from TH–1 (when average Tr was
low at 23.7◦C) and the highest rate from TH–3 (when average
Tr = 20.0◦C). The percentage of TSV in both countries is similar
to the trend when TSV− was generally higher than TSV+, which
was nearly four times higher in Singapore and five times higher
in Thailand (48:11 and 41:8, respectively). Considering the range
of TSV = −1 to 1 recommended by ASHRAE (American Society
of Heating Refrigerating Air-Conditioning Engineers [ASHRAE],
2017), three out of 10 offices (TH–4, TH–6, and TH–7) achieved
more than 80% of this acceptable range. The values were beyond
the recommended sensation by 28% of TSV− in Singapore and
21% of TSV− in Thailand, against 2 and 3% of TSV+. The TCVs
are declared in five scales and are presented in Figure 3. The
highest rate is represented by the neutral side (TCV = 0), as
compared to the comfort side (TCV = 1 and 2 or TCV+), and
the average comfort of both countries was 0.4. TCV+ was 31–
46% in Singapore and 36–59% in Thailand. The proportion of
uncomfortable votes exceeded 20% in one office in Singapore and

five offices in Thailand. The highest uncomfortable votes were
observed for SG–2 (29%) and TH–3 (28%), where the average
room temperature was low, and the TSV was high on the cold
side. The total acceptable range (TCV = 0, 1, and 2) converges
with 83% in Singapore and 80% in Thailand. To determine the
relationship between TSV and TCV, the data are categorized
by the scale of votes plotted in Figure 4. The comfort rate in
TSV−, which was on the comfortable side, was approximately
18% in Singapore cases and 15% in Thai cases; this is higher than
that in TSV+, which was 3% in Singapore and 2% in Thailand.
The highest comfort rate was approximately 50% of TSV = 2
(71 out of 143 votes) in Singapore and approximately 54% of
TSV = 0 (614 out of 1,128 votes) in Thailand. Most of the
discomfort rates were derived from people who voted for TSV−
rather than TSV+ (77:21 in Singapore and 74:17 in Thailand,
respectively). There were 14 and 15% of discomfort votes in
TSV− and 4 and 3% in TSV+. This is because, although a cold
sensation may cause discomfort, people are likely to tolerate
overcooled environments. The TPVs are plotted in Figure 5.
In the case of Singapore, 65% of the participants voted for
TPV = 0, whereas 63% of the participants in the Thailand
offices voted for the same. The percentage of “prefer warmer
temperature” (TPV+) was higher than that of “prefer colder
temperature” (TPV−), which was 24:11 in Singapore and 28:9
in Thailand. The percentage of TPV+ in the Thai cases was
slightly higher than that in Singapore at 4%. TPV corresponded
to TSV when 87% of the people in Singapore and 83% of the
people in Thailand who voted for TSV- preferred changing to
a warmer temperature, whereas 64% of the people in Singapore
and 47% of the people in Thailand voted for TSV+ preferred
changing to a colder temperature (correlation coefficient = −0.8
and −0.7). Generally, most of the people feel comfortable in
thermal environments. However, there is a possibility to adjust to
a slightly warmer temperature for a better TPV with a preference
of the neutral scale.

Comfort Temperature
The comfort temperature is essential to achieve because it is
suitable to confirm indoor temperature adjustment in terms of
human satisfaction. To estimate the comfort temperature, the
results of the operative temperature and questionnaire were
used. The comfort temperatures of each variable are listed in
Table 6. First, we apply an equation based on Griffiths’ method
to air-conditioned building types and climate zones, including
a hot-humid climate zone (Griffiths, 1991). This method is
suitable for a narrow range of thermal conditions or small
sample sizes. We concluded all TSVs between the morning and
the afternoon because most thermal environments were quite
stable during the day. The results of the measured operative
temperature and the TSVs at that moment were used to calculate
the comfort temperature. The equation is Tc = Tr + (0− C)/a,
where Tc is the comfort temperature (◦C) based on T; C
is the TSV on the scale, where 0 is the neutral condition,
and a defines the constant rate of thermal sensation change
at room temperature (0.5). This constant rate was used with
a seven-point thermal sensation scale in the study conducted
by Humphreys et al. (2013). Using this method, the average
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FIGURE 2 | Thermal sensation votes: (A) Singapore and (B) Thailand.

FIGURE 3 | Thermal comfort votes: (A) Singapore and (B) Thailand.

FIGURE 4 | Relation between thermal sensation votes and thermal comfort votes: (A) Singapore and (B) Thailand.
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FIGURE 5 | Thermal preference votes: (A) Singapore and (B) Thailand.

TABLE 6 | Average comfort operative temperature of Griffith’s method and subjective variables.

Method Item Previous study (Damiati et al., 2016) This study

Malaysia Indonesia Singapore Singapore Thailand

Griffith’s method N 1114 91 14 1253 2197

Mean (◦C) 25.6 26.3 26.4 24.8 24.0

SD 2.2 2.3 2.1 2.7 2.3

TSV = 0 N 355 35 1 503 1128

Mean (◦C) 24.6 25.8 24.6 23.8 23.0

SD 1.7 0.4 n/a 0.8 0.9

TPV = 0 N 515 60 11 587 1286

Mean (◦C) 24.2 25.8 23.3 23.9 22.9

SD 1.6 0.5 1.4 0.5 0.9

TCV = 1 and 2 N 823 81 11 450 974

Mean (◦C) 24.3 25.9 23.3 23.8 22.9

SD 1.5 0.5 1.4 0.8 0.9

PMV = −0.5 to 0.5 N – – – 860 949

Mean (◦C) – – – 23.9 23.3

SD – – – 0.7 0.8

N, number of samples; SD, standard deviation.

comfort temperature was determined to be 24.8◦C in Singapore,
which is slightly higher than that in Thailand (24.0◦C). The
average comfort operative temperature is different from the
measured value (approximately + 1.1◦C on average). The average
comfort temperature of Singapore was slightly higher than that
of Thailand because there were more Singaporean office workers
voting cold at the same operative temperature. In contrast,
there were more Thai office workers voting neutral at the lower
operative temperature. Second, the comfort temperature was
selected from the temperature when the participants answered
the questionnaire as TSV = 0 (neutral), TCV = 1 or 2 (slightly
comfortable or comfortable), and TPV = 0 (no change). The
average comfort temperatures from the three types of votes
were comparable to each other in the ranges of 23.8–23.9◦C
(Singapore) and 22.9–23.0◦C (Thailand). The value was slightly
low because several people voted neutral for the TSV and no

change for the TPV, while the temperature was low. The values
from these votes are lower than that of Griffith’s method by
approximately 1◦C. Third, we selected the temperature values
when the PMV = −0.5 to 0.5, which was 23.9◦C in Singapore
and 23.3◦C in Thailand. The values of both countries were
comparable because, under the calculation, several people in
this range wore a high clothing rate, even when exposed to
low temperatures. This finding is relevant to the results in
the study in Malaysia (Damiati et al., 2016) and Singapore
(Chen and Chang, 2012), which the average clothing insulation
values were found to be 0.62 and 0.61 clo, respectively, while
the average indoor temperature of both countries was 24.4◦C.
The PMV and the mean TSV are plotted against the operative
temperature for every 0.5◦C, ranging from 21.5 to 26◦C, as
shown in Figure 6. For the PMV, the trendlines between
Singapore and Thai cases are parallel with the most negative
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FIGURE 6 | PMV and mean TSV with respect to operative temperature.

FIGURE 7 | Probit of dissatisfaction with respect to operative temperature.

PMV values. This prediction becomes 0 when the operative
temperatures are 24.6◦C in Singapore and 24.8◦C in Thailand.
Similarly, for the TSV, the Singapore offices in all operative
temperature groups yielded a mean TSV of 0 at 25◦C. The
regression lines of both cases lie parallel to the cold side, similar
to the PMV trendline. Considering a suitable range of −0.5
to +0.5, the operative temperature was well matched at 24◦C
in the Singapore offices and 23.5◦C in the Thailand offices.
These values were relevant to the mean comfort temperature
of PMV (described in Table 6) when the operative temperature
of the case studies converged with the colder side rather than

the warmer side. Additionally, compared with the previous
research of Damiati et al. (2016) in South East Asian countries
of Malaysia, Indonesia, and Singapore, it was found that the
mean comfort temperatures in this study were lower. This is
because the thermal conditions in these cases were slightly
lower than those with a high number of neutral votes and
without a change in preference. We obtained an acceptable
range between the two countries. The probit of percentage
of dissatisfaction, derived from subjective votes of “colder-
than-neutral” and “warmer-than-neutral,” is plotted against the
binned operative temperature, which was categorized by 0.5◦C
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interval, as illustrated in Figure 7. The results indicate that,
when considering a dissatisfaction of 20%, the acceptable comfort
temperature range of the Singapore offices is 23.6–26.4◦C (1
2.8◦C), higher than that of the Thailand offices, which was 22.9–
25.6◦C (1 2.7◦C). The percentage of dissatisfaction with colder-
than-neutral votes was higher in Singapore cases, whereas that
of warmer-than-neutral votes was higher in Thailand because
of the higher vote of discomfort of the Thailand occupants
at higher temperatures. Considering the intersection of the
colder-than-neutral line and the warmer-than-neutral lines, the
optimum comfort temperatures between both groups are 25.1
and 24.6◦C, respectively, which is cooler than the average
operative temperatures of 0.1–2 and 0.8–2.6◦C, respectively.
The comfort temperature value obtained via this analysis
deviates from the mean comfort temperature determined using
Griffith’s method at +0.3◦C (Singapore) and +0.7◦C (Thailand)
(see Table 6).

Thermal-Adaptive Clothing Behavior
This study focuses on the adaptation of clothing insulation
as one of the most significant factors that affect thermal
comfort (American Society of Heating Refrigerating Air-
Conditioning Engineers [ASHRAE], 2017). Generally, there
is no personal control of the indoor environment in these
mechanically ventilated office buildings, such as the use
of windows for ventilation, the thermostat control, etc.
The adaptation of clothing insulation reflects psychological
aspects and weather conditions for both outdoor and indoor
environments throughout the day (Carli et al., 2007). In the
cooling space, people tend to adjust their clothes when the
indoor temperature decreases. The average clothing insulation
rate increases when they expose to cool environments during
the day. The comparison of the clothing rate in summer was
discussed in the study of some Southeast Asia countries and
Japan (Damiati et al., 2016). Japanese occupants had a lower
average clothing rate than Malaysian occupants (0.53: 0.62 clo)
while exposing the higher average indoor temperature (25.9:
24.4◦C). The policy of setting a high indoor temperature in
Japan is significant to reduce the clothing adjusting behavior of
occupants while staying inside buildings. The amount of clothing
in Japan was strongly associated with the outdoor weather while
that in tropical climate countries is likely to be more related
to indoor environments. In another study, Chen and Chang
(2012) found that there were 62% of tenants wearing heavy
cloths (long sleeves or light jackets) to overcome the overcooled
indoor environments. Almost 33% of them reported that they
usually wore long sleeves. Similarly, this study observed the
clothing rate of occupants to identify the effects of thermal
conditions on the behavior of the occupants. In most offices,
office workers wore flexible clothes such as light shirts with long
sleeves or short sleeves in the upper part of the body for outdoor
hot and humid climates. Based on the results of the survey,
approximately 35% of additional clothing was used during the
day in the upper part of the body, for self-adaptation in order
to feel warmer. Almost 50% of the occupants donned extra upper
pieces of clothing such as sweaters, jackets, suits, or cardigans.
Although the gender did not vary significantly with respect

to the clothing rate (men = 0.60 clo and women = 0.61 clo),
some women wore cardigans or scarves for greater comfort
or warmth, whereas several men wore sweaters or jackets.
The number of occupants wearing heavy clothes over 0.6 clo
was large in both countries (28% in Singapore and 42% in
Thailand). There were 50% of them feeling cold toward the
temperature at 23◦C or lower. The high amount of clothing
as well as several complaints regarding the cold sensation is
related to previous studies in Thailand (Sikram et al., 2018,
2019), Malaysia (Damiati et al., 2016), and Singapore (Chen
and Chang, 2012). The complaints are also associated with the
symptom reports, where subjects felt cold in the parts of the
body that were not covered when exposed to lower temperatures
(see Table 7).

Building-Related Symptoms
Building-related symptoms are defined as complaints from
general samples which are caused by both the poor physical
and the psychological work environment (Marmot et al., 2006).
Factors indicated as possible causes include physical parameters
(temperature, humidity, ventilation, particle matters, etc.) and
psychological issues (Cao et al., 2012). In general, building-
related symptoms refer to the prevalence of general, mucosal,
skin symptoms which were associated with eyes, nose, and upper
respiratory, and skin (Eriksson and Stenberg, 2006). Some but
not all previous studies in a temperate climate zone found
that high temperatures caused the prevalence of symptoms
more than low temperatures (Jaakkola et al., 1989; Reinikainen
and Jaakkola, 2001). However, the symptom response in air-
conditioning spaces in a tropical climate or summer can be
unique because the overcooling environment leads occupants
to feel uncomfortable and experience symptoms in cool air-
conditioned environments during extended periods of exposure
(Chen and Chang, 2012); therefore, this study investigated the
response of people reporting general building-related symptoms
experienced during the day by mainly considering temperature
and humidity. We avoided collecting unhealthy samples by
asking whether they were fine or healthy at the beginning of
the day so that sick occupants were excluded to be analyzed.
The results in Table 7 describe the frequency of 11 individual
symptoms and odds ratios (ORs), which are grouped in the range
of operative temperatures at 2◦C intervals: 21–22, 23–24, and 25–
26◦C. Among the 944 votes, more than half of the participants
experienced similar symptoms throughout the survey period.
There were almost 40% of occupants reporting at least one
symptom during the day and 72% of them claiming that they
had the same symptoms every day. It could be assumed that
they might have previously suffered from similar symptoms when
the thermal environments were likely to be stable throughout
the year. The number of reports of such symptoms was lower
when the temperature was higher, and all symptom percentages
were below 20% in the 25–26◦C group. There were three major
in the 21–22◦C group: feeling cold in unclothed parts of the
body (47.1%), fatigue (23.5%), and drowsiness (29.4%). The last
two symptoms have been commonly reported in previous studies
(Thach et al., 2019) in Singapore. At higher temperatures, the
percentage of participants with symptoms of feeling cold in the
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unclothed parts of the body, coughing, fatigue, drowsiness, stuffy
noses, and dry mouths decreased. However, the percentage of
participants experiencing symptoms of feeling hot in different
parts of the body, skin rashes, and eye irritations increased
slightly. The most common symptom was the feeling of a cold
sensation in different parts of the body, such as the head, neck,
shoulders, face, arms or hands, body, legs, and feet; it was 47.1% in
the 21–22◦C group. In contrast, the sensation of heat in different
parts of the body had the lowest number of complaints (1.7%).
When the temperature was higher, in the 25–26◦C group, the rate
of feeling cold in different parts of the body suddenly reduced
to 15.5%, whereas the percentage of feeling hot in different
parts of the body slightly increased to 8.5%. To clarify whether
a specific exposure is a risk factor for an individual outcome
and to compare the magnitude of various risk factors for this
outcome, an OR was used to compare the symptoms arising
due to the exposure to thermal environments. In this study,
we used this risk factor to determine how indoor temperatures
influence the prevalence of symptoms. The symptom occurrence
of each temperature group was compared between ones who
complained about symptoms and ones who did not give any
feedback. OR = (a/c)/(b/d), where a denotes the number of
cases exposed to the mentioned temperature, b denotes the
number of cases exposed to non-mentioned temperature, c is
the number of cases reporting mentioned symptoms, and d is
the number of cases reporting no symptoms. When the value
of OR exceeds 1, the exposure is associated with higher odds
of the outcome. In contrast, if the OR value is less than 1, the
exposure is related to lower odds of the outcome (Szumilas,
2010). As the results, the OR in the 21–22◦C group was greater
than 1 for most of the symptoms, except for the sensation of
heat in different parts of the body. The three highest values
in this group were those for the sensation of cold in parts
of the body (1.48), runny nose (1.22), stuffy nose, and skin
rash/itchiness (1.17). The ORs for several symptoms in the 23–
24 and 25–26◦C groups are likely to be lower than 1. The OR
of symptoms in the 25–26◦C group appears to be higher than
1 for the sensation of heat in different parts of the body (1.64)
and headache (1.29), whereas that of other symptoms is lower
than 1. These results suggest that the lower the temperature
experienced by the occupant, the greater the risk of building-
related symptoms. Additionally, the humidity ranging from was
also considered on the symptom occurrence. The results found
that the symptoms grouped by the RH range were quite varied.
There is no difference in overall symptom occurrence between the
optimum range (40–60%) and the excessive range (higher than
60%). Since they experienced high outdoor humidity throughout
the year, people in Southeast Asia could accept a wider range
of humidity in air-conditioning spaces (Djamila et al., 2014).
However, it was noticeable that dry skin and dry month appeared
to increase over 30% when the absolute humidity was lower
than 0.008 g/g and the operative temperature was lower than
23◦C. To extend the relation between the subjective response
and the symptom occurrence, Figure 8 illustrates the percentage
of people reporting symptoms with respect to sensation and
comfort: the colder-than-neutral votes (TSV−), the warmer-
than-neutral votes (TSV+), the uncomfortable votes (TCV−),
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FIGURE 8 | Ratio of symptom reports between TSV and TCV.

and the comfortable votes (TCV+), regardless of the neutral
votes. Among these 11 symptoms, the TSV− side exhibited a
higher frequency of 10 symptoms, except for the sensation of
heat in different parts of the body. People who were sensitive to
the cold complained more about their symptoms, as compared
to those who felt warm (44:14). The three highest rates of TSV−
belonged to the sensation of cold in parts of the body (54%), dry
mouth (50%), and headache (48%). Meanwhile, the highest rates
of TSV+ were the sensation of heat in parts of the body (29%),
stuffy nose or suffocating (26%), and skin rash or itchiness (25%).
For the TCV, in total, the ratio on the TCV side was slightly lower
than that of TCV+ (26:33). The three highest rates of TCV−were
stuffy nose or suffocating (42%), skin rash or itchiness (39%),
and the sensation of cold in parts of the body (35%). As the
results, the relation between TSVs is significant to the symptoms
occurrence. The colder-than-neutral side showed the higher risk
of the prevalence of symptoms rather than the warmer-than-
neutral side. It is worth noting that people who voted as feeling
comfortable also experienced several symptoms, similar to those
who voted feeling uncomfortable. Thus, comfort may not always
align with health conditions; people may vote comfortable in cold
or severely cold environments, but their health could deteriorate
during long-term exposure. This evidence indicates that living
in a comfortable condition does not always correspond to living
in a healthy condition, in terms of indoor thermal environments
(Cao et al., 2012).

DISCUSSION

The actual thermal environment in offices in a hot humid
climate was overcooled due to air-conditioning operation and
maintenance, which are mainly responsible for air-conditioning
engineers or building management teams. The fluctuations in
Tr and RH were primarily attributed to the air-conditioning
operation; older buildings were likely to perform the indoor
environment to be low temperatures or high humidity. To
remove an excessive amount of water vapor, the HVAC system

cooled the intake air that caused a high latent heat load for
itself. The results of cooling the coil to lower humidity lead
to the overcooling indoor environment (Chen and Chang,
2012). Low indoor room temperature was the result of the
oversized HVAC system or the building management staff
wanting to avoid complaints from occupants in a few sections
of the office. Consequently, high differences between outdoor
and indoor conditions seemed to be a critical point in offices
in a tropical region which leaded discomfort and symptom
complaints in the long run. Although the operative temperature
and absolute humidity belonged to the ASHRAE comfort zone,
the complaints were still high because most of them fell
into the 1.0 clo zone which was compatible with people who
dressed suits and ties. It seems that people highly adapted
themselves to the cooling environment by clothing adjustment
when they could not adjust the temperature by themselves.
The TSVs and the PMV declared the similar linear regressions
showing that the colder-than-neutral values were about five
times greater than the warmer-than-neutral values. The TSVs
and the thermal preference votes confirmed that discomfort was
mainly from people stayed at lower temperatures than their
comfort temperatures. The most comfortable votes were from
the neutral to the cool side rather than the warm side. This
result corresponds with those of studies in Thailand (Busch, 1992;
Jitkhajornwanich and Pitts, 2002; Sattayakorn et al., 2017) and
Singapore (de Dear and Brager, 1998) where the subjects were
more comfortable at neutral and slightly cooler temperatures.
In contrast, the discomfort rate increased when the subjects
felt either cold or hot; they tended to vote uncomfortable
rather than neutral, i.e., TSV− or TSV+. Thermal environments
inevitably impacted on overall satisfaction when the symptom
occurrence appeared to increase when they exposed the cold
temperature. It was noticeable that the comfort temperature
was an indicator to support a better temperature set in the
air-conditioned offices in a hot and humid climate in terms
of comfort and health. People were likely to simultaneously
complain about both comfort and symptoms when facing the
temperature was lower than the average comfort temperature
over 24◦C. The symptom occurrence declared that occupants
who voted for the colder-than-neutral side had much greater
symptom complaints, whereas those who felt comfortable
did not have much difference in symptoms. It could imply
that reducing the feeling of cold sensation should be more
considerable than maintaining comfort levels. Since we found
the acceptable comfort temperature to be up to 26.4◦C in
Singapore and 25.6 5◦C in Thailand, it is quite challenging to
change the indoor temperature setpoint to satisfy people both in
comfort and health.

CONCLUSION

A field study of the thermal environment was conducted in air-
conditioned offices in Singapore and Bangkok from 2017 to 2019.
Data loggers for measuring thermal variables were installed in
these offices. The questionnaire was distributed among occupants
to obtain their perceptions and building-related symptoms of
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the thermal environment during working hours. The significant
conclusions are as follows:

1. Based on the measurements, the average room temperature
in Singapore was 23.1–24.1◦C with 45.2–66% RH, whereas
that in Thailand offices was slightly lower as 22.0–23.7◦C
with 47.3–65.3% RH. Most thermal variables of the offices
in both countries were subordinated to the 1.0 clo comfort
zone, which is higher than the 0.5 clo comfort zone of the
psychometric chart, owing to the low temperature during
working hours. There were very few values beyond the
comfort zone because of the high humidity generated from
the high outdoor RH.

2. The PMV votes indicated that most cases were beyond
the recommended zone of the ASHRAE standard, and the
compliance rate was lower than 80% in all cases. This
similarity is also observed in the TSVs, where the mean was
mainly plotted on the negative side.

3. Based on the questionnaire, the TSV had the highest
percentage in the neutral group, whereas the colder-than-
neutral side had a higher percentage than that of the
warmer-than-neutral side. The percentage of TSV in the
recommendation zone of all offices in Singapore and five
of the eight offices in Thailand was lower than 80%. TCV
was lower than 80% of the comfortable votes in one of
the four offices in Singapore and five of the eight offices
in Thailand. The most comfortable votes were from the
neutral and cold sides.

4. The mean comfort temperatures obtained via Griffith’s
calculation are 24.8◦C in Singapore and 24.0◦C in
Thailand, which are higher than the actual performance.
The probit analysis yielded ranges of 23.6–26.4◦C for
the Singapore participants and 22.9–25.6◦C for the
Thai participants.

5. Clothing insulation was determined to be the primary
factor affecting adaptive thermal comfort. Using additional
pieces of clothing during the day indicated that occupants
had to adjust themselves to feel warmer when exposed to
cool indoor environments.

6. The symptom report declares that a high frequency of
symptoms is observed in the low temperature range.
The OR estimates that a low temperature of 21–22◦C
results in the highest occurrence of most symptoms. In
contrast, high temperatures between 25 and 26◦C are
associated with a decrease in symptoms, except for the
sensation of heat in different parts of the body. Occupants
in offices with colder thermal environments complained
about the symptoms more frequently than those in warmer
conditions. When the ratio between the comfortable votes
and the uncomfortable votes was almost equal, it could not
be confirmed that the thermal environment featuring high
comfort was supportive of the well-being of occupants.

In summary, apart from the reduction in energy consumption,
a warmer environment satisfies human comfort and improves
health in the long run. To reduce sensitivity of feeling cold and
similar symptoms, the indoor thermal environment should be
maintained at a higher temperature; however, the humidity of
this environment needs to be controlled to ensure optimum
thermal environment. The findings of this study support the
implications for healthy building development in areas featuring
hot and humid climates. The long-term assessment of the indoor
environments related to comfort and health is recommended
for future study.
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