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Abstract: A strategy for effectively utilizing occupants’ adaptive behaviors (OABs) to
achieve thermal acceptability while maintaining low energy consumption is necessary.
This study aims to clarify the relationship between OABs and thermal acceptability over
various climate zones, as well as the change in OABs due to air conditioner (AC) ownership
in Indonesian residences. An online questionnaire consisting of perceived OABs’ time
intensity, thermal acceptability, and personal attributes from 3000 respondents across
Indonesia was analyzed using logistic regression. The results suggested that NV occupants
engage in more fan usage and window opening to enhance ventilative cooling, while
AC occupants are more likely to adjust clothing and use portable fans to create cooler
environments. Moreover, the effects of OABs on NV residences varied depending on
the local climate conditions. In hot local climates, averages of 90% fan usage intensity
and 92% window opening intensity, complemented with active clothing adjustment, were
unable to effectively provide thermal acceptability. These findings imply that there is a
range of indoor environmental conditions in which conventional OABs work well. This
study highlights the need to promote behavioral adaptations, especially in AC mixed-mode
buildings, and to consider behavioral adaptations in NV buildings based on local climates.

Keywords: adaptive behavior; cooling habit; tropic; climate zone; thermal comfort; natu-
rally ventilated; odds ratio
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1. Introduction

Indonesia, a progressively developing tropical country, faces distinct challenges and
opportunities in studying how people adapt to their thermal environment. With the fourth-
largest population in the world, Indonesia’s future lifestyle will significantly impact global
sustainable development. Given Indonesia’s relatively stable temperatures throughout the
year, most Indonesians often perceive the thermal environment as comfortable [1]. However,
as the country continues to develop physically, economically, and socio-culturally, and as
temperatures rise due to climate change, individuals increasingly rely on air conditioners
(ACs) and cooling devices to adjust their thermal environment [2]. This growing reliance
on ACs presents a trade-off between higher energy consumption and carbon emissions on
the one hand and a decrease in individual heat exposure on the other [3]. This trade-off is
not favorable for the environment. Therefore, developing alternative methods to adjust the
thermal environment, such as behavioral adaptation strategies, is highly demanded [3-5].

Throughout history, studies have developed models that represent how people per-
ceive their thermal conditions, such as the predicted mean vote by Fanger [6,7] and the
adaptive thermal comfort models developed by de Dear, Brager, and colleagues [8-10] and
Humphreys and Nicol [11,12]. With the development of adaptive thermal comfort models,
various studies have focused on modeling the impacts [13,14] and changes [15,16] of occu-
pants’ adaptive behaviors (OABs), as well as on enriching knowledge of related factors such
as adaptive thermal comfort [17], sociodemographic factors [18], skin wettedness [19], and
scalability [20]. Naturally, exposure to an uncomfortable thermal environment results in
OABs, which are essential for achieving personal comfort. OABs depend on an occupant’s
individual preferences, providing a personal control method for the thermal environment.
Given that the human thermal physiological state is shaped by interactions between hu-
mans, clothing, the indoor thermal environment, and the outdoor thermal environment,
the effect of OABs—such as operating ACs, opening or closing windows, and wearing or
removing clothes—on thermal comfort changes depending on the outdoor climate and in-
door environment [21]. Consequently, there has been growing interest in studying clothing
insulation and clothing comfort [22-27]. Furthermore, careful consideration of these OABs
can help reduce reliance on mechanical ventilation and AC systems in the future [28,29].

Mylonas et al. [30] suggested that advanced modeling on diverse factors, including
climate, demographics, and technology, is necessary for developing an effective model for
OABs. OABs vary depending on the climate [31]. Studies have identified that AC usage,
as a relatively new OAB, and conventional OABs, such as opening windows, adjusting
clothing, and using fans, are common methods for adjusting the thermal environment in
hot climates [32-34]. Wu et al. [35] suggested that in Changsha, China, occupants adjust
their thermal environment by changing their clothes, opening windows, and using fans,
as clothing and air velocity adjustments are closely associated with the indoor operative
temperature (Top). Many studies in India have revealed that Indians adjust their thermal
environment by opening windows and using ceiling fans [36—41]. In Japan, the govern-
ment has been promoting the so-called COOL BIZ campaign since 2005 to reduce energy
consumption and CO, emissions [42]. The campaign introduced a new norm for lighter
business clothing in summer, raised AC temperatures in the workplace to 28 °C, and
encouraged the use of small portable fans as needed [43-45]. These OABs have effectively
reduced energy consumption in Japan’s workplaces during summer.

In addition to common OABs in hot climates, individuals in different countries or
regions often have unique OABs shaped by their specific local climate and sociocultural
conditions. For example, Rijal, Yoshida, and Umemiya [46] reported unique OABs in Nepal,
such as “taking a nap” and “sleeping in the front yard”. Similarly, a study by Faheem,
Bhandari, and Tadepalli [37] in Tiruchirappalli, India, indicated that sweating, combined
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with higher air velocity, can extend the thermal acceptability limit even in hot climates.
Raja et al. [31] noted that while blinds or curtains in the United Kingdom can prevent the
temperature from rising due to direct solar radiation, their impact is less significant than
that of using windows and fans. A study by Feriadi and Wong [47] found that Indonesians
prefer to take frequent baths and go to cooler places rather than stay in their rooms. The
preferred OABs and their effects depend largely on the local climate.

In Southeast Asia, OABs and indoor environment control methods are bound to
change drastically due to increasing temperatures from urban heat islands [48]. Miyamoto
et al. [49] also suggested that the recent increase in income is contributing to the adoption
of AC systems in buildings. Previous studies have mentioned that with the use of ACs,
individuals tend to have higher expectations for their thermal environment compared to
those in naturally ventilated (NV) buildings, resulting in a narrower, comfortable ther-
mal range [50-53]. The latest research on thermal comfort in Indonesia has revealed an
increasing trend in mixed-mode and AC buildings [54-57]. Additionally, modern clothing
styles influenced by foreign cultures, such as suits, blouses, and long-sleeved shirts for
formal work meetings, have become more common, along with an increase in the number
of females wearing hijabs [58,59]. This shift in clothing behavior indicates an increase in
clothing insulation compared to the past.

As mentioned above, it is apparent that there are complex interrelations among OABs,
the local climate, AC usage, and thermal acceptability. These nexuses are further influenced
by the social and cultural changes brought about by economic growth, particularly in
developing countries. However, these nexuses have yet to be revealed, especially in
tropical developing countries such as Indonesia. This study investigated the interrelations
among OABs, thermal acceptability, the local climate, and AC usage in Indonesia through
a large-scale online survey (n = 3000). It is necessary to highlight that our study focused on
residential data to minimize the influence of external factors that might restrict respondents’
free will to conduct OABs. Typically, workers cannot freely adjust the thermal conditions
in workplaces. For instance, factory workers might not control the AC based on their
comfort since it must comply with company rules to ensure product quality. Meanwhile,
occupants in residences generally have more freedom to adjust their thermal environment
than in workplaces. We explored occupants’ personal attributes related to AC adoption in
Indonesian residences and examined how AC ownership alters the relationship between
conventional OABs and thermal acceptability in residences using logistic regression. As for
the details of the analysis, we began by investigating how thermal unacceptability changes
depending on OABs within a certain climate zone. Next, we tried to find explanation
factors for AC ownership, such as income level, local climate, and building types. Then, we
considered the difference in OABs between AC and NV residences. Finally, we explored
how OAB:s relate to the local climate and thermal acceptability in certain types of climate.
The findings in this study reveal insights into the limitations and differences of OABs in
different local climates in achieving thermal acceptability.

2. Methodology

The indoor environment is formed through a strong interaction between AC operation,
local climate, and building insulation. Especially in NV residences, local climates greatly
influence the indoor environment. The positivist epistemology led us to a hypothesis that
there should be a relationship among thermal acceptability, OABs, AC ownership, and
local climate. This relationship must have been changing dramatically in Southeast Asia,
which consists of many progressively developing countries. Thus, we adopted a deductive
approach to clarify the relationship. For this study, we chose a mono-method quantitative
cross-sectional survey, a self-reported online questionnaire with the approval of the ethics
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committee of Hiroshima University (ASE-2021-74). This survey collected responses from
3000 working-age Indonesians by quota sampling to satisfy a 50:50 percentage ratio between
AC and NV, as well as male and female. In this study, we focused on AC ownership and
climate zones as major online survey data to represent the indoor environment. While the
online survey, as a cross-sectional study, cannot provide the correspondence between the
real physical thermal environment and thermal comfort for the physical environment, the
survey provided insight into the perceived satisfaction with the daily thermal environment.
Based on this survey, we investigated how the relationship between perceived thermal
acceptability and OABs differs by AC ownership and local climate, how AC ownership
varies with personal attributes, and how OABs differ between AC and NV residences
through logistic regression analyses.

2.1. Online Survey Summary

The cross-sectional online survey took place between December 2021 and January
2022. After the present authors developed the questionnaire, which covered both resi-
dences and workplaces, an international survey company distributed the questionnaire to
their registered contacts within Indonesia. Each respondent was allowed to submit only
one response.

Participants from 31 provinces in Indonesia responded to the questionnaire. It included
questions on their personal attributes, building attributes, general thermal perception in
their residence, the most frequently worn residential clothing ensemble, and usual OABs in
their residence. Supplementary (Table S1) provides details of these variables. The personal
attributes covered age, weight, height, sex, workplace, income level, residence province,
and perceived consciousness in terms of reducing energy consumption, referred to as energy
consciousness. Regarding energy consciousness, the respondents were asked to select a
nominal percentage from a 0-100% range, in 10% increments, representing the perceived
times in which they paid attention to saving energy in their daily lives. Meanwhile, most
of the other variables, such as fan ownership, were included to investigate the effects of
economic and civilization factors.

The participants were active, of working age, and worked in an indoor workplace,
including factories and offices. The fields of industries of the respondents were varied
for both office and factory; however, the current analysis will be focusing the discussion
on their residential perception data. The sample included 1541 males and 1459 females.
The average age of the respondents was 32 £ 7.2 years. Income levels were categorized
into six monthly income ranges: IDR < 1.5 million (USD < 91.5), IDR 1.5-2.5 million (USD
91.5-152.5), IDR 2.5-3.5 million (USD 152.5-213.5), IDR 3.5-5.0 million (USD 213.5-305),
IDR 5.0-10.0 million (USD 305-610), and IDR > 10.0 million (USD > 610) (note: IDR 1 = USD
0.000061; conversion as of 2 July 2024, 04:06 UTC on https:/ /www.forbes.com (accessed on
2 July 2024)).

The data were predominantly from respondents on Java Island, representing 71.0%
of the total population. Sumatera, Sulawesi, and Kalimantan Islands accounted for 13.6%,
7.4%, and 6.0% of the data, respectively. Bali, Nusa Tenggara, Papua, and other islands in
East Indonesia made up 2.0% of the data. These provinces were converted into climate
zones as defined by Putra et al. [60], who divided Indonesia into eight local climate zones:
equatorial (EQ), sub-equatorial (SEQ), highland tropical (HT), very highland tropical,
monsoonal (M), sub-monsoonal (SM), savanna (SV), and sub-savanna (SSV). Each province
was assigned one major climate zone, with a 75% accuracy rate for the cities listed by Putra
et al. [60]. The respondents’ areas were classified as HT (19.0%), SV (14.1%), SSV (0.8%),
SEQ (2.7%), EQ (23.1%), SM (12.8%), and M (27.5%). No samples were collected from the
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very highland tropical climate zone. Supplementary (Table S2) details the climate zone
distribution and climate attributes based on Putra et al.’s study [60].

Regarding their residences, the majority of the respondents lived in detached houses
(56.2%) or cluster houses (38.3%). The remaining respondents resided in shophouses (1.4%),
rusunawa (rental apartments; 1.8%), dormitories (1.7%), and rusunami (owned apartments;
0.7%). The building categories were selected based on the commonly found types of
residences in Indonesia. Detached and cluster houses are typical types of landed housing
with different boundary configurations. Cluster houses typically share their side walls
with the neighbors as shared boundaries, while detached houses are free-standing with
no shared boundaries with their neighbors. Meanwhile, shophouses, rusunawa, rusunami,
and dormitories are typically mid-rise to high-rise residential buildings. Shophouses are
mixed-use residential buildings that are usually mid-rise buildings, with the lower floor
being used as business quarters and the upper floor as private lodgings. Rusunawa and
rusunami are typical apartments with different ownerships, where rusunawa are rental
apartments and rusunami are privately owned apartments. Dormitories are typical rental
rooms, usually used by single people as private lodgings. The respondents were also
asked to indicate whether they owned cooling devices such as ACs and fans. Based on
AC ownership, the samples were classified into two groups throughout the study: those
without ACs, referred to as “NV respondents”, and those living in residences with AC
systems, referred to as “AC respondents”.

The respondents provided their thermal acceptability as general perceptions of the
daily thermal environmental conditions in their residences, which was assessed using the
scale presented in Figure 1. While their general thermal preferences for the daily thermal
environment in their residences were simultaneously recorded as part of the perceived
thermal environment, we do not include these data in the current discussion since their
relevance to the main findings of this paper is minimal. The results and related analyses on
thermal preferences are shown in Table S1.

Bahasa Indonesia English
dapat diterima acceptable
agak dapat diterima a]: slightly acceptable
tidak keduanya, tetapi cenderung dapat diterima neither, but if I have to choose, Iwould say acceptable
tidak keduanya, tetapi cenderung tidak dapat diterima El: neither, but if I have to choose, Iwould say unacceptable
agak tidak dapat diterima I slightly unacceptable
c

tidak dapat diterima unacceptable

Figure 1. Scale used in the questionnaire to express respondents’ thermal acceptance. Note: English
translations were not indicated in the questionnaire.

As shown in Figure 1, the questionnaire used six levels of thermal acceptability.
Nevertheless, due to the small number of respondents who selected “unacceptable”, the
analyses in this paper were conducted using a simplified three-level scale: (a) acceptable—
combining responses from “acceptable” and “slightly acceptable”; (b) weak opinion—
combining “neither, but if I have to choose, I would say acceptable” and “neither, but
if I have to choose, I would say unacceptable”; (c) unacceptable—combining “slightly
unacceptable” and “unacceptable”.

In the clothing section, the respondents selected various garments to create a cloth-
ing ensemble that represented what they most frequently wore in their residences and
workplaces. The intrinsic clothing insulation (clo-value) of each ensemble was estimated
according to ISO 9920 [61]. For unregistered or traditional Indonesian clothing, clo-values
were estimated by selecting similar garments listed in ISO 9920 [61] or referenced from
countries with similar clothing. In these cases, the similarities were determined based on
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covered areas and materials. For traditional home dresses (daster) and religious clothing,
such as sarongs and hijabs, clo-values were determined using values for similar garments
in ISO 9920 [61] and McCullough et al.’s study [62] or values listed in other research from
the Arabian Gulf [63]. Figure 2 illustrates some common Indonesian clothing.

e e
(a) (b) (c)

Figure 2. Examples of Indonesian clothing: (a) female workplace clothes with a hijab; (b) male
wearing a sarong in his residence or the mosque; (c) female wearing a home dress (daster).

In the building sections, the respondents reported their perceptions of OABs when
staying in their residences or workplaces. The perceived OABs were assessed based on
clo-values, AC set-point temperatures, and the intensity with which the respondents used
ACs and fans, opened windows, and used portable fans, as well as how they adjusted
their clothing. Each level of intensity for AC or fan usage, opening a window, or using a
portable fan was reported as the perceived percentage duration for which the respondents
used or opened them over the past year. The respondents chose a perceived percentage
from 0% to 100% at 10% increments for each behavior. Clothing adjustment intensity was
reported using a 4-point Likert scale: 1 for “never”, 2 for “rarely”, 3 for “sometimes”, and 4
for “often”. The clo-value for the most frequently worn clothing in their residences was
estimated using several databases, as previously mentioned. The AC set-point temperatures
in AC residences were collected from a multiple-choice input of 16 to 30 °C in 1 °C intervals,
along with options for “no set-point temperature, and “others: ...”, where the respondents
could specify a nominal value. Those respondents with more than one AC unit in their
residences were asked separately for each room in which an AC system was installed;
however, in this study, only the average set-point temperatures for the main bedroom and
living area of the residence, where activities are usually conducted, were assigned as the
representative AC set-point temperatures for a respondent. Therefore, the analysis did not
consider ACs in other rooms. Although intensity data were reported for both residences
and workplaces, this study focused solely on OABs in residences.

2.2. Statistical Analysis Methods

Analyses were conducted using IBM SPSS Statistics version 25. This study employed
logistic regression, including binomial logistic regression (BLR) and multinomial logistic
regression (MLR) for binomial and multinomial outcome variables, respectively. We first
investigated how the outcome variables changed in response to the input-independent vari-
ables. Details of the variables used in the BLRs and MLRs are provided in Supplementary
(Table S1). Categorical or nominal data were converted to binary 0 and 1 dummies for each
item prior to the BLRs and MLRs. We referred to a set of categorical variables as an item. In
the BLRs and MLRs, the adjusted odds ratios (AORs) of the investigated variables were
calculated to evaluate the net influence of the investigated input variable. The adjusted
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variables used in these calculations were the respondents’ personal attributes: age, weight,
height, and sex.

2.2.1. Binomial Logistic Regression (BLR)

The effect of each OAB on reducing the thermal unacceptability for NV respondents
was investigated using BLR. Prior to BLR, the 3-level acceptability scale was converted
into a binary dummy variable, with “unacceptable” coded as 1 and all other values as 0.
This binary dummy variable for “unacceptable” served as the outcome variable in the BLR,
while the OAB, along with its adjusted variables, was used as the input variable. BLR was
repeatedly conducted—with AORs calculated for each OAB—separately for each local
climate zone.

A similar analysis was conducted to identify the personal attributes that explain
AC ownership using BLR, with AC ownership as the outcome variable. The following
categorical attributes were used as input variables: workplace, work type, income level,
energy consciousness, climate zone, residential building type, and fan ownership. The
analysis included two BLRs as follows.

The first BLR determined the AOR for a specific input dummy variable in comparison
to the other input dummy variable(s) within the same categorical item. This first BLR
in AC ownership analysis is referred to as “BLR-S”, indicating BLR for a single value.
In calculating the AOR for a single input dummy variable within a categorical item, 1
represented the value of interest, while 0 represented the other values for each dummy.
Meanwhile, the second BLR, referred to as “BLR-P”, developed a prediction model for
the probability of AC ownership. BLR-P reduced the selected input variables using the
backward stepwise method based on the changes in —2 log-likelihood, removing non-
significant independent variables with a threshold p-value of 0.05 (p < 0.05 was considered
significant). BLR-P evaluated the interaction effect among categorical items. Then, the
AORs from BLR-P were considered an impact index for each investigated variable while
excluding the influences of other categorical items’ variables.

BLR was also conducted to investigate how OABs differ between the AC and NV
respondents. In this analysis, AC ownership—a binary variable—was used as the outcome
variable. The intensities of OABs, including fan and portable fan usage, window opening,
clothing adjustment, and clo-value, were used as input variables along with the adjusted
variables. BLR was performed for each OAB. The NV respondents were set as the reference
outcome variable; thus, all of their AORs were 1. The AOR for the AC respondents
indicates how the probability of being an AC respondent changes with each investigated
OAB compared to the probability of being an NV respondent. An AOR of >1 for the AC
respondents implies that an increase in the investigated OAB increases the likelihood of
a respondent being an AC respondent. Therefore, an AOR of >1 suggests that the AC
respondents engage in the investigated OABs more frequently than the NV respondents.

2.2.2. Multinomial Logistic Regression (MLR)

MLR was conducted to explore how OABs differ based on local climate groups and
residents’ thermal acceptability. Here, we defined three local climate groups, considering
the sample size sufficient for analysis and CDDs indicated by Putra et al. [60]. One was a
neutral climate group composed of HT with zero CDDs for 25 °C; another was a moderate
local climate group composed of EQ and M with CDDs higher than 0 and less than 1000.
The other was a hot local climate group composed of SSV and SM with CDDs higher
than 1000. Each local climate group and thermal acceptability, expressed in three levels,
were used as the outcome variables, making MLR the appropriate choice. The OABs—AC,
AC set-point temperature, fan and portable fan usage, window opening, clo-value, and



Buildings 2025, 15, 73

8 of 23

clothing adjustment—were used as the input variables, along with the adjusted variables.
The analysis was repeatedly performed for each OAB. MLR was conducted separately for
the AC and NV respondents. In the analysis for the local climate group, the neutral local
climate group was used as the reference outcome variable; meanwhile, “weak opinion”
was used in the analysis for thermal acceptability. The MLR provided AORs compared to
the neutral local climate group and the “weak opinion” category. An AOR of >1 for the
investigated OAB for moderate and hot climates implies that the respondents who lived in
moderate and hot climates engaged in the said OAB more frequently than those who lived
in a neutral climate. Similarly, an AOR of >1 for the investigated OAB for “acceptable” or
“unacceptable” means that the respondents that indicated “acceptable” or “unacceptable”
engaged in the investigated OAB more frequently than those that chose “weak opinion”.

3. Results

3.1. Occupants’ Adaptive Behaviors and Thermal Unacceptability in NV Residences for Each
Climate Zone

Table 1 presents the number of NV respondents, the number and percentage of NV
respondents who found their daily thermal environment “unacceptable”, and the AOR for
each OAB for the unacceptable dummy outcome variable across climate zones. The AORs
for the SV and SEQ were not evaluated due to the small sample size. In the HT, the AORs
for thermal unacceptability, excluding the clo-value, were not significantly different from 1.
A common trend was observed in two local climate groups: SSV and SM, as well as EQ
and M.

Table 1. NV respondent samples and AORs for thermal unacceptability of OABs based on climate

zone.
Local Climate Group Neutral Moderate Hot
Climate Zone HT EQ M SEQ SV SSvV SM
NV samples (1) 275 352 365 19 15 259 221
Samples w1th an unacceptable 16 18 %6 5 1 70 79
thermal environment (1)
Perc.:entage of unacceptalzle thermal 58 51 71 9.1 6.7 270 36.4
environment responses (%)
CDDs (°C/year) 0 884.8 838.8 8454 9721 1374.1 1042.7
Clo-value (clo) 4770 *** 135 ** 39.9 ** - - 0.011 ** 0.0708 *
Fan usage intensity (%) 0.982 0.985 * 0.967 *** - - 1.06 *** 1.03 ***
Window opening 0985  0.974*  0968** - - 1.06 *** 1.03 ***
intensity (%)
Portable fan usage 1.00 1.01 0.990 - - 1.04 1.02 ***
AOR of  intensity (%)
OAB Clothing adjustment . .
intensity (categorical)
Never 0.941 0.416 527 - - 0.00 0.498
Rarely 1.93 0.773 6.56 ** - - 0.00 1.05
Sometimes 0.296 0.538 1.25 - - 0.0423 *** 0.586
Often (reference) 1.00 1.00 1.00 - - 1.00 1.00

Note: **p < 0.001; ** 0.001 < p < 0.01; * 0.01 < p < 0.05.

According to Putra et al. [60], SSV and SM have the hottest local climates among the
seven climate zones considered in this study, with 1374.1 and 1042.7 cooling degree days
(CDDs) required to achieve 25 °C/year, respectively. The trend in Table 1 reveals that the
occupants in SSV and SM with lower clo-values, higher fan usage, and higher window
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opening intensity felt that the environment was more likely unacceptable. Meanwhile, for
moderately warm local climates—i.e., EQ and M—with <1000 CDDs, those respondents
with higher clo-values, lower fan usage, and lower window opening intensities were more
likely to feel that the environment was unacceptable. The respondents with an unacceptable
thermal environment in a neutral local climate—i.e., HT, which has 0 CDDs—tend to have
significantly high clo-values. This is expected because long-sleeved clothing and reduced
airflow prevent heat dissipation from the body. In general, this suggests that in moderate
local climates, people feel an unacceptable thermal environment due to a lack of OABs
and too much clothing insulation; meanwhile, people in hot local climates could feel an
unacceptable thermal environment despite actively conducting OABs.

3.2. Personal Attributes Explaining AC Ownership

The stepwise method excluded the less significant input variable, energy conscious-
ness, from BLR-P. The resulting prediction model included income level, workplace, climate
zone, residential building type, and fan ownership. Table 2 presents the change in —2
log-likelihood and the significance of the change for the remaining five variables. BLR-P
achieved a classification accuracy of 74.6%.

Table 2. Changes in the —2 log-likelihood of the final step in the BLR-P analysis on AC ownership.

Variable Variable Type Change in —2 Log-Likelihood Sig. of the Change
Income level Categorical 382.66 0.000
Workplace Binary 206.754 0.000
Climate zone Categorical 71.056 0.000
Type of residence building Categorical 25.689 0.000
Fan ownership Binary 21.193 0.000

Cox and Snell R? = 0.302; Nagelkerke R? = 0.403; classification percentage = 74.6%.

The BLR-S and BLR-P results shown in Table 3 indicate that AC ownership varied
significantly with income levels. Given that AC ownership was approximately 49.8% with
1494 AC owners and 50.2% with 1506 non-owners, the AOR of close to 1 from BLR-S
indicates that AC ownership was roughly 50% within the specified income level. In BLR-S,
the AOR for income levels of 3.5-5.0 million IDR/month (213.5-305 USD/month) was
near 1, suggesting a near 50:50 ratio of AC ownership within this income range. In BLR-P,
in which an income range < 1.5 million IDR/month was set as the reference input, the
AOR for income ranges more than or equal to 2.5-3.5 million IDR/month was significantly
greater than 1. This suggests that the income threshold at which AC ownership increases
might be <3.5 million IDR/month when considering the interactive influences of the other
four factors: workplace, climate zone, residential building type, and fan ownership.

Regarding workplaces, the AOR for office settings was inversely related to that of the
factory setting in BLR-S. This implies that respondents working in offices are more likely to
have ACs in their homes compared to those working in factories.

Regarding climate zones, the respondents in M and SEQ were more likely to own
ACs than those in other climate zones. The higher AC ownership in SEQ compared
to M suggested by BLR-S might not be attributable to climate zones alone because the
significance of this effect diminishes when considering other factors in BLR-P. According
to Putra et al. [60], HT has lower temperatures and, consequently, a lower cooling load
compared to other climate zones. Therefore, the demand for ACs in HT is logically the
lowest among the climate zones considered in this survey. The AORs for HT in BLR-S were
not significantly different from 1 (p-values of 0.322). However, after accounting for the other
factors in BLR-P, HT exhibited a lower probability of AC ownership than M. Meanwhile, as
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indicated in the AORs of BLR-S and BLR-P, the SM and SSV respondents were less likely
to own ACs than those in M. However, SM and SSV had higher cooling loads than the
other climate zones [60]. These inconsistent AORs for climate attributes can be explained
by the input variables of the climate zone, including several other regional factors, such
as the urban development level, which cannot be evaluated adequately by workplace,
type of residence building, and fan ownership in BLR-P. Such other regional factors would
lower the AC ownership AORs of SM and SSV. Similarly, M had a higher AC ownership
probability than the other climate zones, excluding SEQ. M includes the main cities and
provinces on Java Island, where the highest urban development is centered, such as Jakarta.
Therefore, the AC ownership situation did not correspond to climate attributes; rather, it
is affected strongly by urban development and income levels. Rural areas preserve the
traditional perspective of breathable buildings, thus forcing them to adapt to their thermal
environment without using ACs.

Table 3. AOR results for AC ownership BLR-S.

AOR
Variable Sample Number (95% Confident Interval)

BLR-S BLR-P
Income
(1) >10 mil. IDR/month 235 11.8 *** (7.34-19.1) 38.1 *** (17.4-83.7)
(2) 5-10 mil. IDR/month 619 5.18 *** (4.17-6.43) 14.17 ** (7.43-27.0)
(3) 3.5-5 mil. IDR/month 1069 0.816 ** (0.701-0.951) 5.22 *** (2.79-9.76)
(4) 2.5-3.5 mil. IDR/month 591 0.440 *** (0.363-0.534) 2.70 ** (1.43-5.10)
(5) 1.5-2.5 mil. IDR/month 414 0.210 *** (0.162-0.272) 1.10 (0.567-2.12)
(6) <1.5 mil. IDR/month 72 0.285 *** (0.159-0.514) 1.00 (1.00-1.00)
Workplace
(1) Factory 1500 0.198 *** (0.169-0.232) 0.253 *** (0.209-0.307)
(2) Office 1500 5.05 *** (4.31-5.92) 1.00 (1.00-1.00)
Climate zone
(1) Highland tropical 569 1.10 (0.912-1.33) 0.624 ** (0.478-0.815)
climate
(2) Sub-savanna climate 422 0.627 *** (0.506-0.778) 0.330 *** (0.244-0.446)
(3) Savanna climate 25 0.759 (0.334-1.72) 0.519 (0.208-1.29)
(4) Sub-equatorial climate 86 3.50 *** (2.06-5.93) 1.08 (0.596-1.94)
(5) Equatorial climate 692 0.915 (0.769-1.09) 0.798 (0.621-1.03)
(6) Sub-monsoonal climate 374 0.739 ** (0.59-0.92) 0.460 *** (0.340-0.624)
(7) Monsoonal climate 832 1.37 *** (1.17-1.62) 1.00 (1.00-1.00)
Building type
(1) Rusunami 21 19.4 ** (2.59-146) 12.1 * (1.47-99.9)
(2) Rusunawa 53 0.807 (0.462-1.41) 0.606 (0.316-1.16)
(3) Dormitory 51 0.422 ** (0.227-0.783) 0.276 ** (0.133-0.570)
(4) Shophouse 42 1.51 (0.793-2.88) 1.06 (0.484-2.31)
(5) Cluster house 1148 1.29 ** (1.11-1.50) 1.06 (0.877-1.29)
(6) Detached house 1685 0.782 ** (0.675-0.907) 1.00 (1.00-1.00)
Fan ownership
(1) Do not own fan 380 0.638 *** (0.510-0.799) 0.529 *** (0.401-0.697)
(2) Own fan 2620 1.57 *** (1.25-1.96) 1.00 (1.00-1.00)

Note: ***p < 0.001; ** 0.001 < p <0.01; *0.01 < p < 0.05.
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The type of residential building changes with location, such as those in the city center
and rural areas. Therefore, the corresponding AOR reflects the factors related to the building
structure and modernized or traditional lifestyles. The AORs from all three BLRs indicate
that the respondents who live in rusunami (owned apartments—located in high-density
urban areas) were likely to have ACs. While the rusunami owners earned a relatively high
income, BLR-P determined AORs by excluding the income level effect. The high AOR of
rusunami suggests that a high urban lifestyle encourages AC ownership. Further results
showed that those respondents without fans in their homes were less likely to own an AC
than those who owned fans. However, its influence on the prediction model from BLR-P
was minimal, as indicated by the change in —2 log-likelihood in Table 2.

To summarize, this section highlighted that income level is vital in explaining AC
ownership in residences. This result supports the hypothesis that as income increases and
the economy improves, more people will own ACs in Indonesia in the future [49,54,55]. It
also aligns with Miyamoto et al.’s [49] study, which mentioned that energy consumption
tends to increase as the household income increases. The results of the present study
also suggest that the current AC ownership situation does not fully align with hot local
climate demands, such as those in SSV and SM. The inconsistency between higher levels of
unacceptability and lower AC ownership in SSV and SM suggests that factors other than
climate, such as economy;, lifestyle, and urbanization, still greatly influence AC ownership.
Lifestyle changes and urbanization, driven by the increasing number of buildings in
Indonesia [64,65], along with the growing demand for ACs due to the hot local climate, are
expected to boost AC adoption, particularly as income levels rise.

3.3. Occupants” Adaptive Behavior Differences Between AC and NV Residences

Table 4 summarizes the OABs for NV and AC residences. It also provides an overall
summary of the OABs in residential buildings. Window opening was the most prac-
ticed OAB, whereas portable fan use was the least practiced, at 63-67% and 21-24% on
average, respectively. The clo-values in AC residences were slightly higher than in NV
residences. The results also suggest that the respondents in AC residences also open
their windows. This implies that most AC residences in this study should be regarded as
mixed-mode buildings.

Table 4. Overview of Indonesian OABs in residential buildings.

OAB NV Residences ~ AC Residences Overall
AC set-point temperature (°C) - 21.7 £3.5 -
AC usage (%) - 60 + 29 -
Fan usage (%) 58 + 37 52+ 31 55+ 34
Window opening (%) 67 £33 63 + 30 65 + 32
Portable fan usage (%) 21 +£27 24 4+ 28 23 + 28
Clothing adjustment (n.d.) 3.0+038 324038 31+038
Clo-value (clo) 0.37£0.14 0.39 £0.16 0.38 £15

Number of samples 1506 1494 3000

Figure 3 presents the AORs of the OABs for the AC and NV respondents. The red
lines in the figures correspond to a confidence interval of 95% for the AORs. All AORs for
the NV respondents were 1, as they serve as the reference outcome variable. As explained
in Section 2.2.1, AORs significantly different from 1 indicate that the input OABs vary
between the AC and NV respondents.
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clothing adjustment (n.d) -

portable fan usage (%) 7

window opening (%) -
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AC NV
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107" 10° 10" 10 10° 10’
AOCR

Figure 3. BLR results for the relationship between OABs and AC ownership. Note: values in [ ]
represent the averages and standard deviations. *** p < 0.001; ** 0.001 < p < 0.01.

Significant AOR differences were observed between the clo-values of the AC and
NV respondents, but the average difference was only 0.02 clo. This clo-value result,
coupled with significantly higher AORs for clothing adjustment intensity among the AC
respondents, suggests that the most worn clothing is light and cannot be further adjusted
due to cultural norms. This trend may be unique for hot-humid climates or for summers
only in other climates. However, the AC respondents occasionally added clothing to adapt
to cooler environments. They were less likely to use fans for thermal adjustment since the
average was only 52%, instead relying more on clothing adjustments by wearing more
clothes, with an average Likert scale score of 3.2. Meanwhile, using portable fans had an
average of 24%. The occupants in AC residences manage body heat loss by adding clothing,
which increases thermal resistance between their bodies and the indoor environment [21,25].
In contrast, the occupants in NV residences facilitate body heat loss by reducing heat
transfer resistance through the use of fans, with an average intensity of 58%. The use of
ACs and the increase in clothing can be contradictory regarding body heat loss. Recent
studies have reported issues with overcooling [28,29], and our online survey revealed that
overcooled indoor environments, which can be partially mitigated by conventional OABs,
might currently be prevalent in Indonesia.

3.4. Occupants’ Adaptive Behavior Differences Based on Local Climate Groups

Figure 4 presents the AORs for the OABs of each local climate group, along with the
averages and standard deviations of the OABs. For these AORs, the neutral local climate
group (HT) was set as the reference. It also provides an overall summary of the OABs in
each local climate group. In AC residences, there were not so many differences between
the local climate groups, as indicated in Figure 4a. One of the significant differences can be
seen in clothing adjustment between the hot local climate group, with an average Likert
scale score of 3.3, and the neutral local climate group, with an average of 3.1. Meanwhile,
in the moderate local climate group, the respondents tended to set their ACs to lower
temperatures, averaging 21.4 °C, compared to the respondents in the neutral local climate
group, averaging 22.0 °C. The results in Figure 4b highlight apparent OAB differences in
NV residences among local climate groups.
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Figure 4. MLR AOR:s for climate group and their significance (a) in AC residences and (b) NV resi-
dences. Note: values in [ ] are the averages and standard deviations. *** p < 0.001; ** 0.001 < p < 0.01;
*0.01 <p <0.05.

Considering thermal interactions among the human body, clothing, and the indoor
environment [21], the NV respondents in the neutral local climate group were characterized
as retaining large thermal and evaporative resistance between the human body and the sur-
rounding environment by wearing clothes with a slightly higher clo-value of 0.39, regularly
opening their windows with an average of 63%, and using fans less with an average of
39% compared to the other local climate groups. In general, thermal unacceptability in the
neutral local climate group was very low (see Table 1). The moderate and hot local climate
groups were characterized by reduced thermal and evaporative resistances between the
human body and the surrounding environment. In these groups, the respondents had a
low clo-value of 0.36 and 21-26% higher fan usage compared to the neutral groups, as
shown in Figure 4b. However, between the moderate and hot local climate groups, the
thermal acceptability corresponding to increased OABs was the opposite: acceptable for the
moderate local climate group and unacceptable for the hot local climate group, as shown in
the next analysis.
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3.5. Relationship Between Occupants’ Adaptive Behaviors and Thermal Acceptability

Among the AC respondents, 79% selected “acceptable”, 3% chose “unacceptable”, and
18% had “weak opinions”. In contrast, 70% of the NV respondents selected “acceptable”,
14% chose “unacceptable”, and 16% had “weak opinions”. Figure 5a,b present the AORs of
the OABs with thermal acceptability as the outcome variable, along with the averages and
standard deviations of the OABs for the AC and NV respondents, respectively. The AORs
were calculated using “weak opinion” as the reference outcome.
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n=1179
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n=52
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n=263
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—
1.01%** [54 £ 31]
1.00 [25 + 29]

1.02%** [66 + 28]
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0.995 [39 + 34]
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Figure 5. MLR AORs for thermal acceptability and their significance (a) in AC residences and
(b) in NV residences. Note: values in [ ] are the averages and standard deviations. *** p < 0.001;
*0.001 <p <0.01;*0.01 <p <0.05.

As indicated in Section 3.3, the AC respondents used fans and opened windows less
frequently than the NV respondents to adjust their thermal environment. Figure 5a shows
that most of the AORs for the AC respondents who chose “unacceptable” did not signifi-
cantly differ from those of the respondents with “weak opinions”. These non-significant
differences in AORs might be partially due to the small number of such respondents.
Meanwhile, significant AOR differences were observed between the AC respondents who
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indicated “acceptable” and “weak opinions”, except for portable fan usage intensity. The
AC respondents who found the thermal environment “acceptable” used 5% more ACs,
adjusted their clothing more frequently with a 0.1 difference of average, wore clothing
with a 0.02 lower clo-value, used 9% more fans, and opened their windows 6% more
compared to those with a “weak opinion”. As reported in Section 3.3, although the AC
respondents opened their windows less frequently than the NV respondents, those who
found the thermal environment “acceptable” still opened their windows more often than
those with a “weak opinion”. This suggests that as most AC residences operate in mixed
mode, the intermittent use of opening windows contributes to achieving an acceptable
thermal environment in AC residences.

Figure 5b reveals that all AORs for OABs significantly differed between the NV respon-
dents who indicated “acceptable” or “unacceptable” and those with a “weak opinion”. All
AORs, except for portable fan usage, changed in the same direction from 1 for those respon-
dents who indicated “acceptable” or “unacceptable”. For example, the NV respondents
who found the daily thermal environment “acceptable” or “unacceptable” wore clothing
with average clo-values of 0.36 and 0.37, respectively, which are slightly lower clo-values
than those with a “weak opinion”, which averaged 0.40 clo. This suggests that feelings of
either acceptability or unacceptability could be prompted by similar OAB patterns. This
means that OABs can contribute to mitigating thermal unacceptability in general but do not
always remove thermal unacceptability while not always providing thermal acceptability
for all of the NV residences.

Further investigation into the NV residences based on local climate groups is shown in
Figure 6. The results for the neutral local climate in Figure 6a suggest that the respondents
who indicated “unacceptable” had high clo-values, averaging 0.52 clo, and lesser fan usage
than those with a “weak opinion”, with an average of 18% and 49%, respectively. Mean-
while, those respondents who indicated “acceptable” and “weak opinion” had relatively
similar OABs. In Figure 6b, for the moderate local climate group, those respondents who in-
dicated “acceptable” tended to take OABs more intensively. Meanwhile, those respondents
who indicated “unacceptable” and “weak opinion” tended to have similar OAB intensities.
On the contrary, in Figure 6¢, for the hot local climate, those respondents who indicated
“unacceptable” tended to carry out OABs more intensively, with a 90% average fan usage,
39% average portable fan usage, 92% average window opening, and a 3.2 average Likert
scale score for clothing adjustment. This strengthens the idea that OABs can contribute
to mitigating thermal unacceptability but cannot always remove thermal unacceptability
for all NV residences. OABs have limitations in their ability to help respondents achieve
thermal acceptability. A similar analysis was conducted for AC residences; however, no
apparent differences were observed between the OABs based on thermal acceptability for
each local climate group.

For portable fan usage for the NV respondents in general (Figure 5b) and in the hot
local climate group (Figure 6c), the AOR for the respondents who chose “acceptable” was
less than 1, while it was greater than 1 for “unacceptable”. This indicates that the NV
respondents who found the thermal environment “acceptable” used portable fans less
frequently than those with a “weak opinion”, with averages of 17% and 25%, respectively.
On the contrary, those who found it “unacceptable” used portable fans significantly more,
with an average of 39%. This is higher than the average portable fan usage for all of
the respondents overall, which was only 25%. These results imply that portable fans are
primarily used to mitigate thermal unacceptability.
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Figure 6. MLR AORs for local climate groups and their significance (a) in a neutral local climate,

(b) in a moderate local climate, and (c) in a hot local climate. Note: values in [ ] are the averages and
standard deviations. *** p < 0.001; ** 0.001 < p < 0.01; * 0.01 < p < 0.05.
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4. Discussion

Developing an adaptation strategy that properly utilizes OABs to maintain thermal
acceptability while keeping energy consumption low is necessary. Similar suggestions
for utilizing behavioral adjustment to reduce energy consumption were also discussed by
Miyamoto et al. [49]. Generally, more respondents in AC mixed-mode residences found
the thermal environment acceptable compared to those in NV residences. Several research
reports have indicated that the thermal comfort conditions in mixed-mode buildings
during NV operation mode are wider than those for AC buildings, agreeing with the
adaptive thermal comfort model for NV buildings [50-53]. The current results support
that conventional OABs have great potential to encourage occupants to achieve thermal
acceptability in AC mixed-mode residences in Indonesia.

4.1. Indoor Environmental Conditions and OABs

Contrasting trends were observed in the relationship between OABs and thermal ac-
ceptability between the AC and NV respondents. For the NV residences, both probabilities
of feeling “unacceptable” and “acceptable” increased despite the increasing intensities of
conventional OABs. However, for the AC residences, the respondents with more conven-
tional OAB intensity were more likely to indicate “acceptable” than have a “weak opinion”,
while the OABs of those who felt “unacceptable” were in a similar range to those of a
“weak opinion”. Thus, the current results suggest that OABs should be encouraged to
maintain appropriate thermal conditions in AC mixed-mode buildings. This result aligns
with previous studies, which noted elevated thermal expectations by OABs among AC and
mixed-mode building occupants [50-53].

The contrasting trends between AC and NV can be explained by the thermal inter-
action among the human body, clothing, and indoor and outdoor environments [21]. To
achieve acceptable thermal conditions, skin temperature and sweat secretion need to be
maintained at an acceptable level. Given that the human body always generates metabolic
heat, to maintain acceptable skin temperature and sweat secretion, the generated metabolic
heat must finally be emitted to the outdoor environment through the building envelope or
HVAC system operations. In this context, OABs are interpreted as personal behaviors to
achieve thermal acceptability. For NV residences without AC installation, local climates are
characterized by the heat and mass transfer potentials at one terminal, while conventional
OABs can only adjust the thermal resistance between the skin at the opposite terminal
and the local climate. The adjustable range of the thermal resistance in daily life is not
infinite. Therefore, the local climate plays an important role in the effectiveness of OABs
in achieving thermal acceptability. For AC residences, the indoor environment controlled
by AC operation is regarded as the environment terminal of heat and mass transfers. The
relatively stable indoor operative temperature and humidity provided by AC operation
in AC mixed-mode residences is a key factor that enables conventional OABs to work
effectively in achieving thermal acceptability. Meanwhile, for NV residences, the indoor op-
erative temperature and humidity cannot be actively adjusted. If they are within the range
where conventional OABs work well, then these OABs can remove thermal unacceptability.
However, if they are out of the range, the thermal unacceptability cannot be removed even
if it is mitigated by OABs.

Based on these findings, we should consider complementing the use of ACs with OABs
instead of only relying on AC’s ability to adjust the overall indoor environmental conditions.
Colelli et al. [3] raised the concern of trade-offs between energy consumption and carbon
emissions on human feelings of thermal comfort. With the increased awareness of this
trade-off, we should properly strategize our behavior so as not to use unnecessary amounts
of energy just to achieve a comfortable thermal environment. One successful example of
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this strategy is the Japanese COOL Biz policy, which encourages office workers to set the
AC set-point to slightly higher but compensate for it with a proper strategy of adaptive
behavior, e.g., wearing thin clothing, using fans and portable fans, etc. However, this
discussion is part of our next study. Therefore, we decided not to include this discussion
in the current study. Our main aim in this study was to confirm the limitations and
potential of OABs, as well as the effect of AC ownership and local climate conditions on
OAB effectiveness.

4.2. Local Climate and OABs

The local climate groups distinguished the trend and potential of OABs for NV resi-
dences. In the hot-humid regions of Indonesia, occupants tended to use fans heavily and
wear thin clothing in hot and moderate local climates, while only occupants in moder-
ate local climates tended to open their windows more and were unlikely to use portable
fans. Occupants in neutral climates hardly used fans and wore relatively high-insulation
clothing. However, the OABs in AC mixed-mode residences were similar despite the local
climate groups. The reason behind this has been discussed as being related to the indoor
environmental conditions. Understanding climate factors can be useful for the further
development of an effective strategy to utilize OABs, yet there is limited knowledge on this
matter, as discussed by Mylonas et al. [30]. Through this study, we managed to utilize a
large-scale online survey across several climate zones and identify the differences in OABs
among climate groups and their characteristics.

4.3. Limitations and Research Potentials

Finally, we acknowledge several limitations of this study. We utilized an online survey
to gather respondents’ perceptions of their daily thermal environment and the use of
OABs. Consequently, the findings are based on the respondents’ perceptions of their usual
daily thermal environment rather than on physical environment data or actual thermal
fluctuations. Another limitation is related to the sample size. Certain samples, such as
AC owners with unacceptable sensations (1 = 52), were fewer than the required sample
for estimation of population percentage of 5% within 5% error (n = 73). Moreover, while
the tasks in factories vary widely, our sampling method was not planned to represent the
population of all types of factories. Although the output from this study did not evaluate
the percentages of these samples, these might cause a bias in the result. This study evaluated
whether input factors influenced the outcome variables using logistic regression. The total
sample size reached 3000. However, it may not be sufficient to detect several dependencies,
such as dependencies related to SV and SEQ. Additionally, the online format may have
limited participation to respondents who are acclimatized to the digital information society,
meaning the respondents likely represent individuals with at least a minimum level of
technological knowledge to access the Internet. Furthermore, this study used binary
data related to thermal unacceptability, but in some cases, the sample size for thermally
unacceptable conditions was small, making it difficult to assess how OABs improved
thermal comfort when the respondents still found the conditions unacceptable. Another
limitation is that climate zones were assigned based on the respondents’ province data,
with a conversion accuracy of 75%. This study focused on climate zones as representative
factors affecting indoor environments in NV residences.

Future research addressing these limitations is needed to better understand the rela-
tionship between OABs and thermal acceptability. Further investigation into underrep-
resented respondents from specific local climates, such as SV and SEQ, is also necessary.
Miyamoto et al. [49] and Mori et al. [34] observed cooling habits—in our case, OABs—by
defining the schedules for AC usage, window usage, and fan usage. Miyamoto et al. [49]
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also revealed that energy consumption increased with household income and that energy
consumption by the cooling method was affected by AC usage. However, their studies did
not account for differences in local climate zones. Additionally, their studies mainly focused
on public housing or apartment buildings, while we considered residential buildings in
general. In this study, we were unable to clarify the interaction between OABs, building
type, and thermal acceptability. Future investigations into the effect of building types on
OABs could provide valuable insights. Our analysis revealed the effectiveness of each
OARB in achieving thermal acceptability, which can inform the development of models for
occupants’ behavior, as suggested by Mylonas et al. [30]. Proper consideration of OABs
can offer valuable insights to designers and policymakers, helping to reduce reliance on
mechanical ventilation and AC systems in future buildings.

5. Conclusions

In this study, we conducted a large-scale online survey to understand the perceptions
of daily thermal environments and the use of OABs. With a sample size of 3000 respondents
covering all 31 Indonesian provinces, the survey provided insights into how the relationship
between thermal acceptability and OABs differs by AC ownership, how OABs differ
between AC and NV residences, and how AC ownership varies with personal attributes,
including climate. The main findings of this study are summarized as follows:

e  The OABs practiced by the Indonesian occupants, such as using fans and portable
fans, opening windows, and adjusting clothing insulation, are effective in reducing
thermal unacceptability under a certain range of indoor thermal conditions.

e  Among most respondents in AC mixed-mode residences, OABs significantly assisted
in achieving thermal acceptability. This was primarily because the indoor thermal
conditions in these residences were generally maintained within a moderate range,
allowing the OABs to have a relatively large effect.

o  The effects of the OABs in NV residences varied depending on the local climate
conditions. In hot climates such as SSV and SM, the OABs were not able to effectively
provide thermal acceptability.

e In contrast, the OABs were more effective in achieving thermal acceptability in NV
residences located in moderate local climates such as EQ and M.

e It can be concluded that ACs are becoming increasingly prevalent in Indonesia, re-
gardless of the local climate’s cooling demands. However, conventional OABs can still
address thermal unacceptability in AC residences.

e AC ownership and usage alter the role of conventional OABs—from enhancing body
heat loss in NV residences to reducing body heat loss in AC mixed-mode residences.
In AC residences, the respondents were more likely to adjust their clothing and
use portable fans, while in NV residences, they preferred to modify their thermal
environment by using fans and opening windows.

e  We successfully detected differences in OABs in NV residences by climate. While
the OABs in AC residences did not differ based on local climate, those in NV
residences did.

Based on these findings, OABs should be encouraged in AC mixed-mode buildings to
maintain appropriate thermal conditions. The potential of OAB strategies for NV buildings
should be considered separately for each climate zone. This implies that policymakers and
building designers should carefully consider OABs as complementary factors to passive
building design. In the future, it is essential to explore and document the impact of OABs
on thermal comfort and develop effective strategies for their utilization. It is necessary to
note that this study utilized self-reported online questionnaires, meaning that the results
might be limited to the respondents’ individual perceptions and may not fully represent the
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daily thermal fluctuations. To improve accuracy, future research should consider recruiting
several respondents from similar cities or towns with defined climate zones for actual
measurements. This approach can provide more precise insights into the relationships
among OABs, thermal acceptability, and local climate zones. By encouraging people to
adopt appropriate OAB strategies, we can create a more responsive and inclusive society
while reducing energy consumption.
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AC Air conditioner

AOR  Adjusted odds ratio

BLR Binomial logistic regression

BLR-P  BLR for the prediction model using input variables from plural categorical items
BLR-S BLR for a single value within a categorical item
CDDs  Cooling degree days

EQ Equatorial climate zone
HT Highland tropical climate zone
M Monsoonal climate zone

MLR  Multinomial logistic regression
NV Naturally ventilated

OAB Occupants’ adaptive behavior
SEQ Sub-equatorial climate zone
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SM Sub-monsoonal climate zone

SSV Sub-savanna climate zone

SV Savanna climate zone

Top Indoor operative temperature (°C)
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