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Our contemporary world faces unprecedented global problems — environmental,
geopolitical, societal, economic and technological. Excessive and insensible energy use
on a global scale is one of the major contributors to the complex environmental issues.
Any local effective measure for energy conservation and its efficient use can contribute
to the solution. One way to limit energy use is through implementing adaptive thermal
comfort. Allowing building occupants to control and connect back to their immediate
thermal environment and, to adapt to it, eventually affects the energy consumption of
the building itself. Providing comfort is complicated and it is the outcome of a flexible
system including 1) the occupant; 2) the building; 3) the indoor microclimate and 4) the
outdoor climate.

The current thesis is focused on investigating the behavior and subjective preferences
for their indoor environment of Japanese and non-Japanese students living in
university dormitory buildings under Japanese climatic conditions. The major initial
objective is to determine what does comfort mean in terms of temperature range for
Japanese and non-Japanese people; to compare the differences and, to understand how
tolerant the occupants are to their environment. We expected to observe 1) difference
in comfort temperatures between Japanese and non-Japanese students in summer as
well as in winter; 2) that Japanese comfort vote will fall within the current
recommendations for summer and winter in Japan; and 3) that Japanese students will
be more tolerant to their environment in both seasons as it is native to them.
Dormitory buildings were selected for conducting the research as 1) they are a unique
combination of a residence and office; 2) they are under-investigated in Japan in terms
of adaptive thermal comfort; 3) they are for temporary multinational occupancy and,
can reveal the differences between Japanese and non-Japanese students; 4) they are
expected to need major refurbishment in the recent years.

We planned and conducted a field survey in the summer and winter of 2017 — 2018 in
two university dormitory buildings in Toyohashi University of Technology — the
international dormitory (Kaikan) and the Global Students Dormitory (GSD).




Subjective votes were collected through a traditional paper questionnaire.
Simultaneously, measurements of physical parameters of the indoor and outdoor
environment were conducted and the two data-sets were linked. The correlation of the
subjective neutrality and comfort were investigated in relation to nationality

The study revealed that for both observed groups, in summer, the subjective neutrality
and comfort was related to outdoor climate conditions, but in winter it was strongly
disconnected from the outdoors.

For both Japanese and non-Japanese students, thermal responses were strongly
correlated to one another, where feeling warmer resulted in increase of subjective
comfort in winter and decrease in summer. In winter, feeling warmer led to decrease in
the desire to warm up the indoor environment, while in summer it led to the desire to
cool it down. Nevertheless, voted thermal acceptability in both seasons was invariably
above 85% which can be explained with the high level of personal control.

During summer, the recorded indoor humidity was very high (71%), while in winter it
was very low (47%). However, in both seasons it did not affect the thermal sensation
vote. For both Japanese and non-Japanese students, thermal sensation was
significantly determined only by the indoor temperature. The effects of clothing and
activity were also negligible both in summer and in winter.

The summer neutral indoor temperature could be estimated as 26°C for Japanese
students and as 25°C for non-Japanese. However, the highest probability of voting
neutral for Japanese students was only 70-75% and it was estimated within 24~28°C
indoor temperature. For non-Japanese students it’s above 80% within the same
temperature range.

The winter neutral indoor temperature could be estimated as 21°C for Japanese
students and as 22°C for non-Japanese. However, the highest probability of voting
neutral for Japanese students was only 65% and it was estimated within 19~22°C
indoor temperature. For non-Japanese students it’s 75% within 19~24°C indoors.
Japanese students were notably more sensitive to their indoor environment as
compared to non-Japanese ones in both seasons. The summer comfort temperature for
both groups could be estimated as 26°C and, in winter it is 20°C for Japanese and 22°C
for non-Japanese.

For both Japanese and non-Japanese students, the yielded predicting models from the
survey deviated from the models in the current international standards. In addition,
the voted and the estimated neutrality and comfort in the study were mostly below the
recommended minimum indoor temperature in summer and, above the recommended
maximum indoor temperature in winter in Japan. As the recommendation is set
considering the energy conservation, it is reasonable to further investigate how to
make it possible to adjust the subjective neutral and comfort temperatures without

compromising personal comfort.
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CHAPTER

Adaptive Thermal Comfort. Overview and Research Problem

1. Introduction

Our contemporary world faces unprecedented global problems — environmental, geopolitical, so-
cietal, economic and technological [1]. None of the others will matter however, if the environmen-
tal ones remain unsolved. A potential solution demands no less than a collective geopolitical, so-
cietal, economic and technological will and urgent actions; a solution that stems from a “biosensi-
tive society”’[2]. It has been widely accepted that the environmental problems are a result of the
cumulative global human activity [2], [3] and have especially intensified after the first industrial
revolution of the 19™ century [4]. However, there are still skeptics that assume the catastrophic
climatic phenomena we observe today are just a part of the planet’s life cycle and have nothing to
do with human activity. With the extensive evidence for the former however, it is close to undeni-
able that human activity is the reason for the current climatic turmoil. Luckily, there is still hope

we can do something about it — slow it down, stop it or if we dear to dream — even reverse it.

Environmental issues of today are complex and energy use is a major contributor to the problems,
but still just a fragment of it. Energy use itself is a multi-faceted problem that can be addressed
differently — one way being through adaptive thermal comfort. Allowing to connect back to our
immediate thermal environment, to adapt to it, eventually affects the energy consumption of the
buildings. Currently, in Japan buildings consume 29% of the total energy the country uses

(89:312Mtoe as for FY2017) [5]. Narrowing down the environmental problems from the global

1



scale to the scale of national security, it must be noted that Japan hit its lowest energy self-suffi-
ciency ratio of only 6% [6], [7] in 2014 and, implementing all measures for energy efficient use
and conservation matter nationally, as well as globally. Despite its singularity, however, adaptive
thermal comfort is a complex conundrum in itself as there is not a single recipe for comfort — it is
different for every single person — very much so as the subjective understanding of happiness,
success, balance and fulfilment. The current thesis is focused on investigating further about adap-

tive thermal comfort.
1.1. Current Global Environmental Problems. Overview

Everyone is familiar more or less with the words “climate change”. But, why does it matter? After
all, the planet Earth has faced periods of climatic changes before. Who can claim that exactly now
it is because of us — one single species in an entire planet? And, what does it really mean? What

was it before and how is it different now? Why all the fuss?

In his “Short history of climate change on planet Earth” [8] James Potzick examines extensive
climate data from multiple sources to answer to exactly these questions. A realistic climate change
model is expected to be complex and to include thermodynamics; changes in water, air and soil
chemistry mix; ocean and air currents; insolation and more. Because of such complexity it hasn’t
been yet fully developed. Much more simplistic model of climate change would focus mainly on
the trapped solar radiation due to the anthropogenic carbon dioxide (CO2) — the “greenhouse”
effect and, the subsequent increase of the global average surface temperature (GAST). This is only
the “tip of the iceberg”, however, the recent and dramatic rise in COz levels of ~ 200ppm (parts
per million) is impossible to ignore (Figure 1). Human overpopulation, rapid and extensive defor-
estation, agriculture and animal husbandry, urbanization, industry and over consumption of fossil
fuels; increased transportation; ocean surface pollution with insoluble plastics — the majority of
human activities disbalance the carbon-oxygen cycle releasing more and more CO: in the atmos-
phere while limiting both the COz sinks and the Oz sources. Data reveals the correlation of in-
creased CO:z levels to the evident increase in GAST (Figure 1); as well as to the world population
growth (Figure 2). The climatic consequences are already undeniably affecting people, ecosystems
and livelihoods on a global scale — rise in global terrestrial and ocean temperatures, ice-caps melt-
down, accelerating sea-level rise, floods and landslides, devastating storms, severe draughts, land
degradation and desertification, rapid rate of species extinction and loss of biodiversity and more,

many more. [9], [10], [11], [12].

In Paris in 2015, an agreement has been reached to mitigate the global temperature rise to less than

2°C higher than the pre-industrial age, or even lower [12] by significantly cutting down the global
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CO:2 emissions. Failing to achieve that is expected to trigger practically unknown environmental
effects. Even the best predictions are speculative as there has never been a precedent before to
ground upon. An attempt to classify the environmental risks and describe the anticipated outcome

has been made at the World Economic Forum 2019 (Table 1)
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Table 1 Environmental global risks as defined in World Economic Forum 2019 [p.102 [1]]

Global Risk

Description

Extreme weather events (e.g.
floods, storms, etc.)

Failure of climate-change miti-
gation and adaptation

Major biodiversity loss and
ecosystem collapse (terrestrial
or marine)

Major natural disasters (e.g.
earthquakes, tsunamis,
canic eruptions, geomagnetic
storms)

vol-

Man-made environmental
damage and disasters (e.g. oil
spills, radioactive contamina-
tion, etc.)

Major property, infrastructure, and/or environmental damage as well as loss of
human life caused by extreme weather events.

The failure of governments and businesses to enforce or enact effective measures
to mitigate climate change, protect populations and help businesses impacted by
climate change to adapt.

Irreversible consequences for the environment, resulting in severely depleted re-
sources for humankind as well as industries.

Major property, infrastructure, and/or environmental damage as well as loss of
human life caused by geophysical disasters such as earthquakes, volcanic activ-
ity, landslides, tsunamis, or geomagnetic storms.

Failure to prevent major man-made damage and disasters, including environmen-
tal crime, causing harm to human lives and health, infrastructure, property, eco-
nomic activity and the environment.

But, nothing to worry about.

Putting aside the potential global economic disruption and imminent

conflicts triggered by food and resources scarcity, “climate change” simply means that in order to

survive the human species must evolve to breathe toxic air, to eat insects or plastic or better even

—to not eat at all, to drink polluted water and enjoy acid rains; to consider a tornado a mild breeze

and temperatures of about 40°C pleasantly warm; to be a supreme swimmer as to still inhabit the

flooded areas, or to move to the limited higher grounds with all the other 10~12 billion humans

(as estimated by United Nations about the year 2100"). Mild changes like that. ASAP. And, if the

evolution cannot happen fast enough (because one cannot rush evolution — it tends to take its time),

well, there are still some options left — to genetically modify the entire species to fit the new con-

ditions, to abandon the planet, to get extinct, or to hit reverse.

1.2. Energy and Climate

1.2.1. Energy Consumption and Environmental Impact

The World Meteorological Organization (WHO) has reported data showing that the past twenty

years have included eighteen of the twenty warmest years since the beginning of climate data

! https://population.un.org/wpp/Graphs/Probabilistic/POP/TOT/900
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recording in 1850. The energy consumption and CO2 emissions by the G-20 countries hit a histor-
ically high levels — as observed last year (2018) by Enerdata 2> — a leading statistical analyst in the
field of energy and climate monitoring and forecasting. The G-20 countries account for 80% of
the world’s energy consumption and CO2 emissions. In 2018, Enerdata recorded an increase of
+2.2% in the G-20 countries’ energy consumption. Worldwide, the increase is +2.9% (Figure 3)
as reported in the BP plc Statistical Review on World Energy in 2018 [13] (** BP plc — a British
multinational oil and gas company. Formerly - The British Petroleum Company plc and BP Amoco

plc). Carbon emissions have also grown by +1.7% in the G-20 and by 2.0% worldwide.

Energy demand and carbon emissions

Global energy consumption growth Energy demand and
carbon emissions

Annual change, % Annual change, %
6% 3%
4% 2%
2% 1%
0% ‘ 0%
2% -1%
2000 03 06 09 12 15 18 2012-2017 2018
@ Primary energy consumption @ Primary energy
© Predicted energy {with weather and Carbon intensity
Chinese industry effects) CO: emissions

Figure 3 Global total energy consumption and carbon emissions growth in 2018 [13]

As the world’s economic development remains highly energy-intensive, it is doubtful whether the
2015 Paris Agreement resolutions could be met and, consequently — whether the environmental

impact could be mitigated.
1.2.2. History Overview. Current State and Future Strategies in Japan

Human energy needs worldwide were limited prior to the 1% industrial revolution [4]. For heating
people used to utilize the sun, or to burn easily accessible wood or straw; transportation was pro-
vided by animals on land and by wind at sea; work was done by humans themselves or with the

use of animal power. The machines were simple and limited in number and accessibility.

2 https://d1owejb4br3112.cloudfront.net/about-us/press-release/2019-press-release-world energy-news.pdf

3 https://www.enerdata.net
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Figure 4 Goals from Japan’s long-term strategy* about: a) growth in Japanese companies setting science-based targets (SBTs); b)
reduction in energy-related CO2 emissions. [14]

Inventing the modern steam engine in the 1700s marked the beginning of ever so accelerating
technological advances and the subsequent constant increase in energy demand®. In 1880 the first
electric generator was powered by a steam engine on coal. Hydroelectric plants followed soon
after. By the end of the century, petroleum and its products became indispensable fuel and, paved
the way for the combustion engines and the spur of transportation. The higher lifestyle standards,

the decreasing energy prices, the accessibility and spread of the new technologies predetermined

-business-climate-engagement-will-ambitious-policies-follow

5 https://www.ucsusa.org/clean_energy/our-energy-choices/a-short-history-of-energy.html
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the boosting energy demand globally. In the 1950s nuclear power used in electricity production
contributed to lowering the consumption costs even further and, until the Great Energy Crash of
1973, the concern about efficient energy use practically did not exist. Certain geopolitical deci-
sions led to the energy crisis of 1973 and the following one in 1979. The rise in prices and demand,
eventually raised the issue of energy conservation. The multiple accidents in nuclear power plants

added the issue of the effect on environment and human health.

The 2015 Paris Agreement marked a milestone in geopolitical will to tackle the climate-change
related issues. Following the agreement, Japan committed to reduce its greenhouse emissions by
26% by 2030 (relative to 2013 levels) and by 80% by 2050 (Figure 4). The targeted goal is to
achieve net zero emissions “as early as possible in the second half of this century’® and, to build a
“decarbonized society” by balancing the anthropogenic emissions and the amount removed by
greenhouse gas sinks. The country’s long-term strategy and related policies were finalized prior to

the summit of G-20 environment and energy ministers in June 2019 [14].

To realize the goal, Japan has focused its efforts in three main directions: energy security, eco-
nomic efficiency and environmental suitability while providing safety (3E+S approach). Japan
strongly promotes the efforts of companies to set science based targets (SBTs) for mitigating en-
vironmental impact (Figure 4) and, it is proceeding with research and development of non-con-
ventional energy resources such as methane hydrate and hydrogen energy. It aims also at increas-
ing the renewable energy ratio in electricity generation. As of 2016 it has reached 14.5% and the

trend is upwards, especially so in the increase of solar energy use [7]
1.2.3. Energy Consumption in Japan. Total and in Residential Buildings

In 2018, Japan consumed 424Mtoe total energy and ranked 5" within G-20 countries after China,
the US, India and Russia (3,164; 2,258; 929 and 800Mtoe respectively)’. Relative to the CO2 emis-
sions the country was again 5% with 1,123MtCOz (Figure 5).

The total energy consumption trend in Japan is currently decreasing. It reached a peak of 524Mtoe
in 2004 and in 2018 is at its minimum in the last three decades (424Mtoe). During the same period
CO2 emissions remain within 1,000-1,200MtCO:z closely distributed between oil, coal and gas-
originating (38%, 39%, 23% respectively).

¢ https://thediplomat.com/2019/04/does-japans-new-climate-change-strategy-go-far-enough/

7 https://yearbook.enerdata.net/total-energy/world-consumption-statistics.html
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Figure 5 Energy consumption in G-20 countries in 2018 (data: https://yearbook.enerdata.net)

Since FY2014 the carbon emissions in Japan keep decreasing as well. The renewable-energy use
for electricity production in Japan has noticeably increased from 9% in 2007 to 18% in 2018. Prior
to Fukushima Daiichi nuclear plant accident in 2011, Japan was the third largest producer of nu-
clear power after the US and France and, nuclear power accounted for 27% of the country’s energy
demand. Following the accident, for almost two years between 2013 and 2015 Japan suspended
nuclear power generation which led the country to its lowest energy self-sufficiency ratio of 6%
in 2014[6], [7]. From 2015, a few reactors were restarted and the current government’s intention
is to resume using nuclear energy to ensure energy security, lower the electricity cost and suppress
CO:2 emissions. New regulatory safety and security standards were issued in 2013. The self-suffi-

ciency ratio bounced back up to 8.3% in 2016 [7]. (see also Appendix A and Appendix B).

In Japan, buildings currently consume 29% of the total energy the country uses (89:312Mtoe as
for FY2017) [5]. As compared to the energy consumption in 1973 — the first oil crisis, residential
buildings consume 1.9 times more, the total energy consumption increase of the country being 1.2

times [7].

Energy efficiency and conservation tackles both the local issue of Japan’s energy security as well
as the global warming in general. There is not one measure that can single-handedly solve the
problem. It demands a cumulative solution where every single contribution, no matter how big or

small, is indispensable. Even by a small rate, occupants’ behavior and adaptation can limit building



energy consumption and in result the carbon footprint, eventually limiting the environmental hu-

man impact.
1.2.4. Climate Classification System

The first quantitative classification of Earth’s climate was developed by Wladimir K&ppen in
1900[15]. Despite being created more than a hundred years ago the use of Kdppen-Geiger climate
classification system is still widespread[16]. It is highly used both for research purposes, and for
teaching in general. It has been modified several times after its first publication (1923, 1931, 1936),
but some scientists argued that it is about time to generate new classification system [17], [18]
based on much more precise data available today than more of a century ago.

Table 2 Koppen-Trewartha Classification * Definition of types and subtypes as defined by the Kppen-Trewartha climate classifi-

cation. T denotes mean annual temperature (°C), Pmean is the mean annual rainfall (cm), R is Patton’s precipitation threshold. Tecold

(Twarm) stands for monthly mean air temperature of the coldest (warmest) month.

Type Criteria Sub-  Rainfall Regime
type
A Teole>18°C A, 10 to 12 months wet; 0 to 2 months dry
Pmean above value givenin B Ay winter (low-sun period) dry; more than 2 months dry
A, summer (high-sun period) dry; rare in A climates
B Pmean <R BS R/2 <Pmean <R
(R=2.3T-0.64 Py, +41) BW  Puean <R/2
C 8-12 months with Cs summer dry;
T>10°C at least three times as much rain in winter half year as in sum-

mer half year;
driest summer month less than 3 cm of precipitation;
annual precipitation total under 89 cm

Cw winter dry;
at least ten times as much rain in summer half year as in winter
half year
Cr no dry season;
difference between driest and wettest month less than required
for s and w;
driest month of summer more than 3 cm
D 4-7 months with D, Teotd > 0°C (to 2°C in some locations inland).
T>10°C In present study the limit is 0°C
D. Teold < 0°C (to 2°C). In present study the limit is 0°C
E 1-3 months with -
T>10°C
F Twarm<10°C F, Twarm > 0°C

Fi Twarm <0°C

There have been further attempts for modification aiming at greater precision especially in Asian

area. One has been presented in 1968 as the Trewartha [15] climate classification system. Also,

8 http://kfa.mff.cuni.cz/projects/trewartha/koppen-trewartha.html
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several revisions of the Koppen-Geiger map itself have been done with different resolutions and

depicting climate at different time limits.

Ar Aw As BW BS Cs Cw Cf Do Dc E Ft Fi

Figure 6 World maps of Kdppen climate classification KCC and Kdppen-Trewartha climate classification KTC, based on CRU TS
3.10 data for the period of 1961—1990 on a regular 0.5° latitude/longitude grid [15]
In the current study, the updated world map of the Koppen-Geiger classification was used (Figure

6). This map has been presented by M.C.Peel at al. [16] and is freely available electronically.

2. Adaptive Model for Thermal Comfort. Literature Review
2.1. Static and Adaptive Model of Comfort

Buildings’ energy consumption increases in contemporary society with the increasing demand for
comfort and the affordability of air-conditioning. With people spending over 80% of their time
indoors, providing quality indoor environment becomes essential for maintaining health and
productivity. The interest in comfort dates back to antiquity [19]. However, structured studies on
thermal comfort stem from the pioneering work of Bedford in the 30s [20]. In the following ~ 90
years (especially the last 20 [21]) the research in the field of thermal comfort has compiled vast

amount of data [22] and scientific insights.

The concept of providing thermal comfort has been approached differently by scientists leading to
the establishment of the two main models — the static and the adaptive. Initially considered irrec-
oncilable, they have been proven to complement each other in understanding human comfort.

While static model focuses on physics and physiology and is founded on the theory of thermal

10



balance between a body and its environment, the adaptive model accounts for the psychological

and behavioral aspects as well.

The static model (or otherwise Fanger’s Predicted Mean Vote (PMV) model [23], [24]) was de-
fined in the 70s and it assumes the occupant is mostly passive to the indoor environment; that the
comfortable conditions are the same irrespective of building type, climate or location; that they
are fixed within a narrow band of temperature and they should be provided to the occupant by all
technological means available for environmental control. Thus, the static model might recommend
unnecessarily excessive energy consumption and ignore personal preferences and more energy-
conserving building solutions. Developing of Fanger’s model shaped the scientific thinking and

legislation making for an extended period and was the base for developing international standards

like ISO 7730 [25] and ASHRAE [26].

The need for energy conservation and efficient energy use however, has become unquestionable
as well as the certainty that it should not be achieved at the expense of progress or quality of living.
Japan’s energy demand depends more than 80% on import. Under the concept of adaptive model
more diverse energy-conserving building solutions can be implemented as the model acknowl-
edges that comfort can be achieved under variable conditions, in much wider range of temperature;
that it depends on cultural, climatic and social factors and it allows for personal control. Structured
studies on adaptive thermal comfort stem from the pioneering work of Dr. Bedford in the 30s [20],
[27], who then laid the basic foundations of the field research, developed his seven-point scale to
evaluate subjective votes and integrated statistical analysis in the comfort research. Prior to the
first oil crisis, the adaptive comfort studies were temporarily very limited, however they were
restarted in the 70s when the formal definition was finally coined [20], [27]. “The adaptive ap-
proach [to thermal comfort] notices that people use numerous strategies to achieve thermal
comfort. They are not inert recipients of the environment, but interact with it to optimize
their conditions” [p.6 [20]] and adapt - either behaviorally, physiologically or psychologically
[28] [29]. In case people have the provided possibilities to change their environment, they will do

so and, the “comfort” temperature will vary from person to person, rather than remain fixed.
2.2. Current State of the Research in the Field. Overview

Adaptive comfort has been investigated in offices in Qatar [30], [31], Iran [32], Pakistan [33], in
traditional houses in Nepal [34], in contemporary houses in UK [35], Singapore [36], Indonesia
[37], Malaysia [38], India [39], China [40], [41], [42] and all over the world in various building
types since developing the adaptive concept. The necessity to rethink comfort has been widely

agreed on. Subjective comfort was proven to be achieved in much wider range of conditions than
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previously believed and, even though this challenges the design of built environment, it holds great
potential for energy conservation. Building type and occupancy are factors influencing subjective

comfort.

Thermal comfort research in Japan is extensive in office [43], [44], [45], [46], [47], [48], [49] and
residential [50], [51], [52] buildings and is mainly targeting Japanese subjects [45], [46], [47],
[49], [51], however occasionally including foreigners in Japan [44], [48]. The targeted season is
usually summer as Japanese hot and humid summer is challenging for achieving thermal comfort
[43], [44], [45], [46]. More limited is the research throughout several seasons [47], [48], [49], [50],
[51], [52].

The comfort temperature in summer for Japanese office workers was determined as 25°C [47],
[48] 26°C [43], [46] or 27°C [44], [45] as compared to other Asian nationals from Malaysia, Indo-
nesia and Singapore [43] (28°C) living in their native countries. When subjected to the same cli-
matic conditions in Japan, the observed difference in neutral temperature between Japanese and
non-Japanese office workers was 3°C where foreigners preferred the lower temperature [48]. In
residential buildings comfort was again reported at 26°C [51], 27°C [50] in summer, however with
much bigger seasonal differences [50], [51] as compared to offices. In winter, the comfort temper-
atures observed varied within a wide range of 20-26°C [47], [52], [53], [54]. Researchers alarm
that the recommended summer minimum temperature of 28°C and, the recommended winter max-
imum of 20°C in Japan might be too high (or too low respectively) to ensure comfort [43], [44],
[47]. The level of acceptability, despite the poorer indoor environment quality, was observed high
when people were aware of the reasons for energy saving and are given certain adaptive oppor-
tunity in offices. However, with the undesirable follow-up result of lower productivity and high
level of dissatisfaction [46]. Researchers appeal for further analyses on thermal comfort and occu-
pant behavior for the effective implementation of energy saving programs [45], [46] and develop-

ing a Japanese adaptive model for offices [44], [47] and dwellings [50].

Being previously under-investigated, dormitory buildings has spiked the research interest in the
recent years in China, leading to field studies in all seasons [53], [54], [55], [56], [57]. The less
restricted personal control in dormitories stimulated a wide range of adaptive behaviors and sub-
sequently wide comfort ranges. Adaptive thermal comfort research in dormitory buildings have
been somewhat neglected in Japan, while they can be considered a unique combination of resi-
dence and office. Still, Schweiker and Shukuya focused their research interest on dormitories in
Japan investigating on changing occupant’s behavioral patterns. They found that in moderate cli-

mates it can lead to significant decrease in building’s energy use. If combined with building’s
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envelope improvements, the overall energy consumption might drop by 76-95% [58]. They exper-
imented further which methods could most effectively stimulate behavioral change towards the
use of low energy measures to achieve comfort. Their studies showed that personally disseminat-
ing information in the form of a workshop can lead to effective behavioral change and subse-
quently to up to 16% reduction in the use of cooling devices [59] as well as to changing occupant-

window interaction [60] both leading to potential energy conservation.

3. Defining a Research Problem
3.1. Idea. Purpose. Method

The main purpose of any built environment is to provide shelter. However, built environment is
much more than that. Enveloping human life, built environment should address all the human
needs as described almost a hundred years ago by Maslow in his hierarchy of needs [61]. And, as
Maslow’s theory states, the higher need can only emerge when the lower, more basic need has
been at least partially met. Comfort is at the top of the pyramid of what a built environment should
provide. It is probably analogous the self-actualization level — level 5, the highest level of human
needs (Figure 7). The comfort solution is a whole system including 1) the occupant behavior; 2)
the buildings themselves and 3) the indoor microclimate, as Humphreys (one of the pioneering
researchers in the adaptive comfort field) said in his book [p.7. [20]] on foundations and analysis

of adaptive thermal comfort.

Dealing with the flexibility that the adaptive approach entails, is the main challenge triggering the
research in the field. How can a designer design a building that can address the needs of any in-
habitant if the inhabitants’ needs are unique for every single one? How can an engineer provide

all the necessary equipment? Which equipment is necessary for that matter?

These questions become even more relevant in buildings where the inhabitants often change, that
is — buildings for temporary occupation, like dormitories which cannot be precisely tailored to
particular occupants. In the globalized world it becomes common for people to live outside of their
native countries during their studies and to be subjected to new cultural and climatic conditions
while still having their native expectations and habits. The phenomenon can be broadly observed
in Japan. It is challenging the existing and the newly designed buildings for multi-national occu-
pancy which now must provide for a diverse subjective understanding of comfort and still maintain
low energy consumption. To tackle the issue, it is necessary to determine what does comfort mean

in terms of temperature range for non-Japanese people and what are the differences.
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While in offices people may not have the freedom to make their indoor environment to their liking
(shared offices, formal clothing, central heating/cooling, etc.), buildings for temporary occupancy
as dormitories in Japan are likely to demonstrate the actual preference of their occupants. There,
1) students live in private rooms where immediate social restraints are practically non-existent
with the exception for the habitual or culturally predetermined ones; 2) the rooms are relatively
small so no matter the energy consumption, the final financial burden cannot get excessive; 3) the
occupants are young and assumingly still developing their finance managing attitude, so their in-

door environment setting is expected to represent more genuinely their subjective preference.

Self-fulfillment

Self- needs

actualisation
achieving one’s full
potential, including
creative activities

Psychological
needs ' Esteem needs
prestige, feeling of accomplishment

Belongingness & love needs

onships, friends

Physiolgical needs

1. water, warmth, rest

Figure 7 Expanded Maslow’s hierarchy of needs’

We planned and conducted a field survey in the summer of 2017 in two university dormitory
buildings. We aimed to snapshot the thermal comfort of the students as related to temperature and
humidity as well as to factors like the time of day, the use or not of air-conditioning (CL — cooling
mode and FR — free running mode respectively), the occupied building, sex and most importantly
— nationality. We wanted to understand what do the occupants prefer at a certain sensation and

how tolerant are they to their indoor environment.

https://commons.wikimedia.org/wiki/File:Maslow%27s_Hierarchy of Needs.jpg#/media/File:Maslow's Hierar-

chy of Needs.jpg
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3.2. Hypothesis

Non-Japanese students come from various countries and nationalities and they have diverse prior
climate history. We expected to observe differences in comfort between Japanese and non-Japa-

nese students and, that the Japanese will be more accepting of their environment in any season.

We expected to see similar difference in the comfort temperatures between Japanese and non-
Japanese students in summer as compared to winter. Furthermore, we expected that Japanese com-

fort vote will fall within the current recommendations for summer and winter in Japan.

Research have shown that when people can control their environment, the comfort temperatures
vary so dormitories were a perfect place to observe what do people mainly use to control their

environment.
3.3. Significance. Contribution. Applicability

Dormitories in Japan will keep increasing the number of their non-Japanese occupants relative to
Japan’s aim of internationalization of the universities [62]. However, dormitories can never be as

flexible as necessary to accommodate the ever-changing residents.

In dormitories in Japan, non-Japanese students live less than a year, sometimes even only several
months and their prior climate history is from all around the world. Air-conditioning can provide
a solution, however at the cost of high energy consumption and subsequently CO2 emissions. Ja-
pan’s strong resolution towards energy efficiency and conservation, as well as its determination to
increase the number of foreign students poses the question of how to simultaneously address both
issues. As a result, a study on neutral and comfortable indoor conditions for Japanese and non-

Japanese students in dormitories seems relevant and timely.
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CHAPTER 11

Summer Survey. Data Summary and Statistical Analysis

The first stage of the field survey was planned and conducted in the summer of 2017 in two uni-
versity dormitory buildings. The aim was 1) to snapshot the subjective summer thermal comfort
of the Japanese and non-Japanese students relative to temperature, humidity and other factors, 2)
to understand what is the difference, if any, between the temperature defined as neutral or com-

fortable and 3) to get an insight how tolerant are the students to their indoor environment.

1. Methodology
1.1. Location and Summer Climate

Toyohashi (34°46'9"N 137°23'29.5"E) is located in the southeastern part of Aichi Prefecture (cen-
tral part of the main Honshu island, on the Pacific Ocean side). The climate is classified as Cfa by
the Koppen-Geiger climate classification system [15], [63]. It is mild, generally warm and tem-
perate. It has four seasons with a hot, humid summer (Jun, Jul, and Aug) and a distinct rainy
season. The data for 2017 was provided by Japan Meteorological Data Agency (JMA) from WMO
ID:47654 (weather meteorological observation point) [64]. This WMO is located 35 km to the
northeast of Toyohashi at similar distance from the Pacific coastline. The mean monthly outside
temperature reached its maximum in August (Tavg.= 28.1°C; Tmin.= 25.0°C; Tmax.= 32.2°C).

The mean relative humidity reached its maximum of 77% in July, August and October.
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Figure 8 Toyohashi. Japan. a) Climate. Data from JMA WMO ID: 47654 — min, max and mean air temperature and relative hu-
midity for 2017; b) Climate in the countries of origin of the subjects in the summer field survey. Cwb: Dry-winter subtropical
highland climate, BSk: Cold semi-arid climate, Aw: Tropical savanna climate with non-seasonal or dry winter characteristics; Cwa:
Dry-winter humid subtropical climate, Af: Tropical rainforest climate, Cfa: Humid subtropical climate. Note: Each marker repre-

sents monthly mean value. The markers for June, July, August and September are colour coded.

1.2. Summer Measuring Period

The summer stage of the field survey was conducted from June 26™ to September 29" 2017. The
targeted period was the hot-humid summer. The period was divided in three sub periods. Each sub
period consisted of two weeks of measurements (sub-period 1: 6/26~7/07; sub-period 2:
7/17~7/28; sub-period 3: 8/14~9/29). The weeks of the survey were not sequential to better adjust
to the academic calendar and students’ lifestyle. Within each week, the measurements were taken

during the normal working days, from Monday to Friday (see sub-section 1.5 on p.20).
1.3. Dormitory Buildings Information

The survey was conducted in two dormitory buildings (Figure 9): International dormitory (Kaikan)
and in the newly built dormitory for Japanese and foreign students (GSD — Global students’ dor-
mitory) in Toyohashi University of Technology, Japan (TUT). Kaikan was built in 1970s and the
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load bearing structure and building envelope are predominantly reinforced concrete while GSD
buildings were built in 2016. GSD has a steel load bearing structure. The structure and building
envelopes of both dormitories are completely different. However, the feeling of comfort is consid-
ered to be irrespective of building envelope even though the final energy consumption is highly
dependent on it. As previously stated, “achieving high energy performance results from a dynamic
system of four main key factors — thermal comfort range, heating/cooling source, building enve-
lope and climatic conditions. A change in any single one of them can affect the final energy per-

formance” [65]. In this study, the focus was on the thermal comfort range.

BEEEHEXS

GSD

Kaiken [ >

a) b) c)

Figure 9 Dormitory buildings in TUT: a) GSD; b) TUT campus and dormitory locations; c¢) Kaikan

Figure 10 Dormitory rooms: a) Typical south and north facing room from GSD; b) Floor plans of GSD (up) and Kaikan (down);
¢) Typical room from Kaikan

In both buildings, there are air conditioners installed, so the buildings can be considered as mixed-
mode. The rooms from Kaikan which were part of the study, were for a single occupant. They are
either with a shared kitchen and a shared bathroom on the same floor, or with a small private
kitchen and a private bathroom (Figure 10b, c¢). The GSD building is organized as shared apart-
ments where five students live in the same apartment in private rooms but share a living space and

a bathroom (Figure 10a, b). Air conditioning for both dormitory buildings is local for each single
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room and students have full adaptive opportunity of control over the indoor environment in their

private rooms.
1.4. Sample Selection

The subjects sample consisted of Japanese and non-Japanese students currently residing in the two
dormitories. We targeted same number of participants from both buildings (sample stratified by
residence). However, within each building we worked with volunteering students (convenient
sample) [66]. As a limitation to the study should be noted that there was a quota of maximum ten

participants from a dormitory.
1.5. Field Survey — Summer Stage. Data Collection and Analysis

The field survey was designed as longitudinal (repeated sampling of limited number of subjects).
The time difference between each answer of a subject was usually more than 3-4 hours, and even
6-10 hours. Because of this sizeable time-difference between answers, the data was analyzed as
from a cross-sectional research (singular sampling of many subjects). This approach has been used

before in previous studies [29].

[ L[ I [ [ufafsysfafs] [s+] [#[8] Ts[afs«| [s«] [8#[3] [3[4[s+] [3«] [a*fa] sfafs] [ [ [ ]|
Morning | Noon | Evening | Moming | Noon | Evening | Moming| Noon | Evening | Moming | Noon [ Evening | Moming [ Noon | Evening
Monday Tuesday Wednes day Thursday Friday
1 |Setting the instruments in participants' rooms 3*|Optional if at home (at breakfast, at lunch, at dinner time)

2 |General health questionnaire (filled in only on the first Monday) 4 [Sleep quality questionnaire (about previous night)
3 |Indoor environment questionnaire 5 [Collecting measuring instruments from participants' rooms

Figure 11 Week 1 — Events schedule (**Each volunteer participated three non-sequential weeks)

At the beginning of each measuring week, a set of paper questionnaires was provided to each
volunteer in their preferred language — Japanese or English. The general questionnaire (2 in Figure
11) collected information about country of origin, sex, age and past climate history. It was to be
completed at the beginning of the first measuring week. Description of the information from the
general questionnaire is presented in Figure 12. The questionnaire about subjective sleep quality
(4 in Figure 11) was to be completed after waking up. Results are not presented in this paper. The
subjects were asked to fill in the indoor environment questionnaire several times per day — man-
datory at waking up and at bedtime (3 in Figure 11); and optional at breakfast, at noon and at
dinnertime (3* in Figure 11). The English and Japanese version of the questionnaires about indoor

environment are in Appendix C and Appendix D.
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The subjective thermal votes were collected using the recommended scales and wording of the
questions in ISO 10551: 1995 I for assessment of thermal environment using subjective judgmen-

tal scales [67] and in ASHRAE 2013 handbook [68]. The associated questions were:

— TSV (thermal sensation vote): “How do you feel about thermal environment at this precise
moment in your room?”

— TC (thermal comfort/evaluation vote): “How do you find the thermal environment in your
room?”

— TP (thermal preference vote): “Please, state how would you prefer to be now?”

— TA (thermal acceptability vote): “How do you judge the thermal environment?”
The wording for each point on the scale of the thermal responses is presented in Table 6.

The questionnaires distributed to the subjects contained a short list of clothing and the subjects
were asked to mark all the items they were wearing at the time of vote. The list and the values of
clothing insulation used are in Appendix E, Appendix Table E-1 . The value for “other” clothing
was used whenever the subjects did not fill in anything in the clothing section. The value is typical
for garment ensemble “trousers, short-sleeved shirt” as in Table 7, Chapter 9 of ASHRAE hand-
book: Fundamentals [69]. For the cases when the subjects did mark some items but there was
obvious omission of garments, a minimum value of 0.19clo (short-sleeved, dress shirt) was as-

signed.

The questionnaires distributed to the subjects contained a short list of activities and the subjects
were asked to mark the percentage of each activity within the last thirty minutes prior to the vote.
The percentages should add up to 100. The list of the Met values used are in Appendix E, Appendix
Table E-3 . The participants were advised to fill in the indoor environmental questionnaire after
spending at least thirty minutes indoors for proper acclimating. Our study highly depended on the
subjects’ personal responsibility as they were to complete the questionnaires unattended at their
own convenient time. However, test markers were included to ensure quality of the votes — for
example, some typical outdoor activities. This way the small percentage of votes stating less than
twenty minutes spent indoors prior to voting were excluded. Occupant behavior was marked by

the participants on a list provided and recorded in binary form.
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Table 3 Measuring devices

Name Type Parameter Range and accu- Image Notes
racy

Thermo- TR-74Ui Air tempera- 0-55 °C (20.5°C) Continuous measure-
hygrome- ISA-3151 sensor  ture 10-95 %RH ment
ter THA-3151 sen- Relative hu- (£5%) (1-minute interval)

sor midity 0-130klx (+5%)

[Nluminance

Air Flow 6332D Air Speed 0.01~30.0m/s Continuous measure-
Transducer (KANOMAX (+2%) ment

probe) (1-minute interval)

(VR-71 data log-

ger)

Measurements of the indoor and outdoor air temperature and relative humidity were continuous at
one-minute intervals from Monday to Friday. The measuring devices were placed in each individ-
ual room at the desk at height assuming sedentary activity. The height of the data loggers was
within the acceptable range of 0.6~1.1 m above the floor in the living room [70]. Air speed was
measured close to the bed. However, almost all of air speed measurements observed at the time of
the valid votes were close to 0.0m/s — suggesting still air. A value of 0.1m/s for the air speed was
used to conduct the calculation of the thermal indices. However, conducting a field survey focused

on the effect of air speed is necessary in the future.

The collected data was analyzed using Microsoft Excel and its add-in tool Data Analysis, as well

as the add-in application XLstat, developed by Addinsoft (https://www.xlstat.com/en/com-

pany/about-us). The algorithm for analysis and calculations followed the explanation by Hum-
phreys et al. [20].

1.6. Sequence of Analysis. Summer Data

The structure of the analysis conducted, was as follows: first, outdoor conditions were analyzed in
relation to the indoor conditions. The set of four subjective thermal responses (TSV, TC, TP and
TA) was listed, distributed and correlated to one another as well as to indoor conditions. Logistic
regression of sensation vote and indoor air temperature was conducted to obtain a range of tem-
perature within which the expected probability of voting neutral was the highest. Linear regression
of sensation vote and indoor air temperature was conducted to obtain a single value for neutral
temperature. The influence of other factors such as humidity, clothing and activity on TSV was
checked using multiple regression. Finally, Griffiths method was used to calculate the comfort
temperature which was then compared to actually voted comfort temperature. The results from our

study were corelated to international standards and previous research in the field.
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2. Results and Discussion
2.1. Participants in Summer Stage

In the summer stage of the survey, 18 healthy, Japanese and International students from 19 to 31
years of age volunteered to participate (males: Median = 21, SD = 4; females: Median = 21, SD =
1). The participants’ body mass index (BMI) was in the normal zone (Median = 22.8, SD = 3.4).

The distribution of votes relative to sex, age, nationality, ethnicity and BMI is in Figure 12.

g’o 20-25 25-30 30-35
<€ 307 53 42
% Male Female
" 296 124
§ <25 25-30
o 363 39
> Japanese International
= 183 237
©
c
Re)
-
2 Japanese ML Vv IND |AF
183 100 42 31 10
3 Asian Not Asiar
& 373 47
0 60 120 180 240 300 360 420

Figure 12 Population sample in summer (N=420 votes) — Distribution of the votes relative to age, sex, nationality, ethnicity and
BMI. ** ML (Malaysian); V (Vietnamese); IND (Indonesian); BR (Brazilian); MX (Mexican); AF (Afghani)

Summer climate in the subjects’ countries of origin differ notably from the summer climate they
are subjected to in Central Japan (Figure 8). The summer mean monthly temperature is lowest in
Mexico and highest in Vietnam. However, in Central Japan (JMA WMO ID: 47654 — Hamamatsu
city, see section 1.1, page 17), the relative humidity is the highest. The temperatures in Afghanistan
and Central Japan are comparable, however the difference in humidity is almost 50%. Non-Japa-
nese subjects certainly have different prior climate experience and, the current study aims at un-

derstanding whether it affects their subjective thermal sensation while in Japan.
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2.2. Summer Indoor and Outdoor Environment at Vote

The subjects were asked to mark the time of their vote. This time was then set to the closest fifteen
minutes. The physical data about indoor and outdoor temperature (Ti, To) and relative humidity
(RHi, RHo) was recorded every minute. To match both the subjective and objective data, the phys-
ical data was divided into fifteen-minute periods and the average values of each period were cal-
culated. The subjective votes were then linked to the 15-minute averages of the physical measure-
ments. During the summer time study, a total of 280 questionnaires in Kaikan and 234 question-
naires in GSD were collected. As valid are considered these votes, at which there was a physical
record of temperature and humidity indoors and out, as well as the set of four votes (sensation,
comfort, preference and acceptability). In addition, the votes that stated less than twenty minutes
adjustment period prior to voting were excluded. Considering all of the above, 443 valid votes

were collected in summer.

The daily mean outdoor temperature (Tod) was provided online by JMA [64]. Exponentially
weighed running mean of the daily outdoor temperature (Trm) was calculated using the formula

given by Humphreys and Nicol [71] and the EN 15521 [72].

Eq. 1 Calculating exponentially weighed running mean of the daily outdoor temperature

Trm@ = (1 - &) (Te1 + aTe2 + o?Te3 + ... + o™ ' Ten)

Tim 1) 1s the running mean temperature at a certain time-period, currently a day (°C); a is 0.8 con-
stant estimating the effect of past temperatures; Tt is the temperature 1 periods before the calcu-

lated one (°C); n is number of the periods back.

The indoor and outdoor absolute humidity during voting (AHi, AHo) were calculated for the re-
spective air Ti/To and RHi/RHo [Chapter 1 in [68]]. The numerical results at the times of vote are
in Table 4.

Variations in outdoor conditions were high while indoors the parameters were more stable. Indoor
temperature was well correlated to the outdoor temperature (r = 0.52, p < 0.001) (Table 5 and
Figure 14). However, it was not the case for indoor relative humidity (r = 0.27, p < 0.001). Indoor
absolute humidity indoors was better correlated to the outdoors. As seen in Figure 13 and Figure
14, indoor humidity was constantly high at about RHi of 70% (IQR from 66% to 77%) and AHi of
0.016 kg/kgpa (IQR from 0.015 to 0.018 kg/kgpa). As mentioned in sub-section 1.5 (page 22), the

measured air speed was very low suggesting still air. In the case of the Qatar offices, Indraganti
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and Bousaa also observed such low values [68]. A standard value of 0.10m/s air speed was selected

for any necessary further calculations.

Table 4 Descriptive statistics of the collected data at times of vote. Stage 1 (summer)

All data points (N=420) Japanese (N=183) International (N=237)

min max mean StD min max mean StD min max mean StD

Ti 18.6 316 270 2.0 232 307  26.7 1.5 186 316 273 24
To 183 379  26.6 3.6 183 379 263 43 212 369 268 3.1
Tod 20.7  30.1 25.8 24 20.7  30.1 25.2 2.6 224 30.1 26.3 2.2
Trm 176 223 203 1.8 177 223 19.8 1.9 176 223 206 1.6
RH;i 40 &9 71 8 41 85 71 8 40 89 70 9
RH, 36 100 80 15 36 100 78 16 37 100 81 13

AHi 0.007 0.022 0.016 0.003 0.008 0.020 0.016 0.002 0.007 0.022 0.016 0.003

AH, 0.007 0.023 0.017 0.002 0.007 0.022 0.017 0.003 0.012 0.023 0.018 0.002
Ia 0.19 0.64 033 0.07 0.19 049 034 0.005 0.19 0.64 031 0.009
M 1.0 2.7 1.3 0.4 1.0 2.5 1.4 0.5 1.0 2.7 1.2 0.3

NOTE: Number of observations in summer N=443; Ti: Indoor temperature (°C); To: Outdoor daily mean temperature (°C); Tod:
Outdoor daily mean temperature (°C); Trm: Outdoor daily running mean temperature (°C); RHi: Indoor relative humidity (%); RHo:
Outdoor relative humidity (%); AHi: Indoor absolute humidity (kg/kgpa); AHo: Outdoor absolute humidity (kg/kgpa); lai: clothing
insulation (clo) where 1clo = 0.155 m?’K/W; M: metabolic activity (met) Imet = 58.2 W/m>

Table 5 Correlation coefficients. Stage 1 (summer)
All data points (N=420) Japanese (N=183) International (N=237)
r a B R? p r a B R p r a B R p

Ti: To 052 0.292 193 0.268 <0.0010.52 0.181 21.9 0.267 <0.001 0.58 0.448 153 0.336 <0.001

Ti: Toa 0.52 0.437 15.8 0.269 <0.0010.40 0.226 21.0 0.159 <0.001 0.61 0.664 9.8 0.368 <0.001

Ti: Trm  0.55 0.618 14.5 0.298 <0.0010.42 0.317 20.4 0.173 <0.001 0.64 0943 7.9 0.413 <0.001
RHi: RH, 031 0.176 56.6 0.096 <0.0010.55 0.266 50.7 0.306 <0.001 0.12 0.083 63.3 0.016 fail
AHi: AH, 0.36 0.385 0.01 0.129 <0.0010.62 0.458 0.008 0.378 <0.001 0.20 0.289 0.011 0.039 <0.05

NOTE: N: Number of observations; r: Coefficient of correlation (Pierson’s r); a: Slope of regression line; f3: Intercept of regression
line; R%: Regression coefficient of determination; p: Confidence interval; Ti: Indoor temperature (°C); To: Outdoor temperature
(°C); Tod: Outdoor daily mean temperature (°C); Tim: Outdoor daily running mean temperature (°C); RHi: Indoor relative humidity

(%); RHo: Outdoor relative humidity (%); AHi: Indoor absolute humidity (kg/kgpa); AHo: Outdoor absolute humidity (kg/kgpa)
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Figure 13 Frequency percentage distribution at vote in summer: a) T; (°C); b) RHi (%); ¢) AHi (kg/kg/pa).
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The correlation between indoor and outdoor environment was examined for all the data points and
relative to nationality (Japanese or international data sets). The results are presented in Table 5.
The correlation coefficient between the measured Ti and measured To, the daily mean Tod and the
running daily mean Trm progressively increased when focusing on all the data as well as on the
international part of it. However, the Japanese data set showed the opposite trend. The change in
outdoor temperature conditions seems to influence the indoor environment of the international
students more than the one of the Japanese. The Japanese indoor thermal environment seems to

relate better with the immediate outdoor temperature.

The indoor-outdoor correlations regarding humidity were generally weaker and, when comparing
relative and absolute humidity — indoor relative humidity was invariably more weakly correlated
to its outdoor counterpart as opposed to the absolute humidity. Interestingly, when dividing the
data points by nationality, there was considerably stronger correlations in the Japanese datasets as
opposed to the international ones. So much so that the correlation between indoor and outdoor
relative humidity in the international dataset was statistically insignificant, that is — the indoor
relative humidity was not reflecting in a meaningful way the outdoor relative humidity for inter-

national people.
2.3. Thermal Sensation, Comfort, Preference and Acceptability in Summer

The distribution of TSV, TC, TP and TA relative to nationality is presented in Table 6 and Figure
15. The neutral TSV was only a third in the international dataset, and even less in the Japanese one
(21%). On the warm side of the scale the percentage distribution was almost identical, however,
on the cold side of the scale there were notable differences. Close to 40% of the Japanese TSV
was “slightly cool” and “cool” as opposed to only 20% of the international dataset. Furthermore,
observing 2% of international votes on the point “cold” in summer, leads to assume overuse of air
conditioning. As for the voted thermal comfort, irrespective of nationality, more than 70% of the
votes were on the comfortable side of the scale. The Japanese votes “prefer no change” were more
than 60%, while almost half of the international votes were “prefer cooler”. Irrespective of nation-

ality, the acceptance of the indoor environment was very high —equal or more than 95%.

Thermal sensation had strong negative correlation with thermal comfort (r =-0.70, p <0.001) and
thermal preference (r = -0.57, p < 0.001) (Table 7 and Figure 16). The hotter the subjects sensed
their environment, the less comfortable they felt and, their preference inclined towards “prefer
cooler”. The correlation between comfort and preference was also strong, but positive (r = 0.55, p
< 0.001). The more comfortable the subjects evaluated their indoor environment, the closer their

preference vote was to “no change”. Interestingly, in both Japanese and international data, there
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were votes “prefer warmer” despite being summer season leading once again to the assumption of
overuse of air conditioning. The correlation between TA and other thermal responses was either

weak or even insignificant. It seems the subjects could bear very well diverse indoor conditions.

Table 6 Percentage of thermal responses for each scale relative to nationality (Japanese: N=183; international: N=237). Stage 1

(summer)
Scale Thermal sensation Thermal comfort Thermal preference Thermal acceptability
(TSV) % (TC) % (TP) % (TA)%
JP Intl JP Intl JP Intl JP Intl
3 Hot 7.7 6.8 Very comfortable 22 3.0
2 Warm 12.6 13.1 Comfortable 38.8 40.1
1 SI warm 21.3 31.6 Sl. comfortable 30.1 359 Warmer 1.1 9.3 Unacceptable 4.4 5.5
0 Neutral 20.8 30.0 No change 63.438.4 Acceptable 95.694.5
-1 Sl. cool 28.4 11.4 Sl uncomfortable  23.5 13.1 Cooler 35.552.3
-2 Cool 9.3 5.1 Uncomfortable 55 72
-3 Cold - 2.1 Veryuncomfortable - 0.8

Note: SL: Slightly ~

Table 7 Correlation between thermal responses. Stage 1 (summer)

All data points (N=420) Japanese (N=183) International (N=237)

r a B R p r a B R? p r a B R p

TC: TSV -0.70 -0.660 1.1 0.438 <0.001-0.70 -0.673 0.9 0.488 <0.001-0.65 -0.672 1.3 0.422 <0.001

TP: TSV -0.57 -0.248 -0.3 0.323 <0.001-0.72 -0.253 -0.3 0.518 <0.001-0.48 -0.242 -0.3 0.232 <0.001

TP: TC 0.55 0.238 -0.6 0.297 <0.0010.72 0.261 -0.6 0.515 <0.001 0.46 0.224 -0.6 0.213 <0.001

NOTE: N: Number of observations; r: Coefficient of correlation (Pierson’s r); a: Slope of regression line; f3: Intercept of regression
line; R%: Regression coefficient of determination; p: Confidence interval; Ti: Indoor temperature (°C); To: Outdoor daily mean
temperature (°C); Tod: Outdoor daily mean temperature (°C); Tim: Outdoor daily running mean temperature (°C); RHi: Indoor rela-
tive humidity (%); RHo: Outdoor relative humidity (%); AHi: Indoor absolute humidity (kg/kgpa); AHo: Outdoor absolute humidity
(kg/kgpa)

The regression lines derived from all the data, the Japanese and the international datasets were
either very close (Figure 16a), or overlapping (Figure 16b, c) revealing the same relationship be-

tween thermal responses irrespective of nationality. It is a typical assumption that nationality af-

fects the subjective thermal responses.

To investigate which factors indeed significantly affected the thermal responses in our survey, the
votes TSV, TC, TP and TA were divided by time of the day, use of air-conditioning, dormitory

building, sex and nationality and tested for dependency on each of these factors through a chi-
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square test. The percentage of the votes “acceptable” was very high in all the conditions but it was
not dependent on any one of them. Only two of the factors significantly affected all the three
remaining thermal responses: nationality and the use of air conditioning. The statistically signifi-

cant results are presented in Table 8.

Table 8 Summary of Chi-square results: Dependence of TSV, TC, TP and TA on sub-divisions. Stage 1 (summer)

T %2 3 Estimated by Regression* §T(°C)
Sub-division n df critical X p ¢C)
TSV Day: Night 234: 186 12.96 <0.05
AC on: AC off 145: 275 47.33 <0.001

GSD: Kaikan 212:208 6 12.59 3230 <0.001

Male: Female 296: 124 18.29 <0.05
Japanese: International 183: 237 30.00 <0.001 Tap=259 Tamu=254 +0.5
TC Day: Night 234: 186 18.02 <0.05
AC on: AC off 145: 275 23.71 <0.001
5 11.07
Male: Female 296: 124 11.69 <0.05
Japanese: International 183: 237 9.69 0.922 Tewp <254 Tewmu<27.0 -1.6
TP AC on: AC off 145: 275 6.89 <0.05

GSD: Kaikan 212:208 2 5.99 38.09 <0.001

Japanese: International 183: 237 31.68 <0.001 Top=213 Tpmi=229 -1.6

Note: Tn Calculated temperature at TSV=0 (neutral); T Calculated values for temperature at TC = 1 (slightly comfortable). As
values TC 2 and TC 3 are on the comfortable side of the scale, the results are given as an inequality; T, Calculated temperature at
TP = 0 (no change).

The test confirmed the initial assumption. In the following analysis of the current paper the focus
was placed on the nationality factor. The linear regression conducted between the subjective votes
and the measured air temperature estimated the neutral, comfortable and “prefer no change” tem-
perature for Japanese and international subjects (Table 8). Interestingly, even though the thermal
sensation vote varies significantly depending on nationality, the neutral temperature is expected to
be achieved at value of 25 — 26°C (equations in section 2.4.2, page 35). Towards either end of the
scale, the difference in sensation response and the temperature difference increased. The comfort
vote itself was independent of nationality, however the linear regression displayed that Japanese
subjects are expected to start feeling comfortable at about 2°C lower temperature as compared to
the international subjects (at 25.4°C and 27.0°C respectively). Similarly, Japanese vote “prefer no
change” is expected at almost 2°C lower temperature than the international vote (at 21.3°C and

22.9°C respectively).
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2.4. Summer Neutral and Comfortable Temperature
2.4.1. Logit Regression Analysis for Neutrality Range in Summer

Estimating the proportion of Japanese and international occupants that would vote neutral at a
certain temperature, requires conducting a probability analysis of TSV with the indoor tempera-
ture. Using the Xlstat add-in application for Microsoft Excel, an ordinal logistic regression analysis
(probit model) was conducted. The resulting equations for six probit lines derived from our dataset
are shown in Table 9. The equations P« tsv) represent the probability of voting the respective TSV
vote or less — for example P(<-1) represents the probability of voting -1 or less than -1 ( that is: from
“slightly cool” down on the scale to “cold”) [20], [30], [47], The probit regression coefficient for

Japanese university students is calculated to be 0.204/K and for international ones: 0.232/K.

Table 9 Probit analysis of thermal sensation and indoor temperature. Stage 1 (summer)

Mean Temperature

JP/Intl TSV Probit regression line SD N R? SE p

(W)
% <2 P<2=-0204T;+4.1 20.1
[
2 <-1 P<1y=-0204T;+5.1 24.9
= 489 183 047 005 <0.001
§_ <0 P (<0)=-0.204 T; + 5.7 27.9
H
<1 P«p=-0.204Ti+6.3 30.8
<2 P<n=-0204T;+7.0 34.2
<-3 P (£3) = -0.232 T;+3.9 16.8
>
E <-2 P<2=-0232T;+4.6 19.8
£ <1 Pen=-0232T.+53 22.8
= 431 237  0.62 0.03 <0.001
s <0 P<0=-0.232Ti+6.3 27.2
o)
= <1 Py=-0232Ti+73 315
<2 P<2=-0.232T;+8.0 34.5

Note: P 1) is the probability of voting 1 and less; P(2) is the probability of voting 2 and less and so on; SD: Standard deviation;

N: Number of sample; R?: Coefficient of determination; SE: Standard error; significance p < 0.001)
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Mean temperature of the probit line is the absolute value of the result from dividing the y-intercept
with the constant — for example | +4.1/-0.204 | = | -20.1 | = 20.1 °C. The SD is the absolute value
of the inverse of the constant (SD = |1/-0.204| =| - 4.89 | = 4.89). Each equation was calculated for
temperatures from 18°C to 32°C which was the range of all the observed temperature records (sep-
arately, the JP records were in a narrower range). For each result obtained, the cumulative normal
distribution was calculated in MSExcel (function NORM.S.DIST(z, cumulative). The six sigmoid

curves of the probabilities were then plotted and presented in Figure 17.

The curves help to estimate the probability of voting at a specific scale point or lower at all tem-
peratures within the observed temperature range. As shown on Figure 17a, the probability of Jap-
anese students voting neutral or less (dotted black line of P< 0)) at lower temperatures is high,
while with the rise of temperatures, this probability decreases. And, at ~23.5°C there is 80% prob-
ability of voting neutral or less. The explanation for all curves follows the same pattern. When
subtracting the probability of voting -2 from the probability of voting 1, the probability of voting
within the extended neutral range (-1, 0 and 1) can be obtained. It was observed that within the
range of 24°C and 27.5°C indoor temperature, the probability of Japanese students voting extended
neutral is the highest. However, it is between 70% and 75% (Figure 17c).

The peak of the graph for international subjects was within the same interval (from 24°C to
27.5°C). However, the expected percentage is above 80%. Japanese students appear to be more

critical to their indoor environment.
2.4.2. Linear Regression Method for Summer Neutral Temperature

Neutral is the temperature at TSV=0, where the subjects felt neither cold nor warm. Using linear
regression is a common method to derive the expected neutral temperature out of observed survey
responses despite some downsides as observed by researchers previously. During summer stage
more than 70% of the Japanese TSV (N=183, M=0.22, SD=1.42) were within the -1 to +1 segment
of the scale and, the neutral votes were 20% (Table 6). As for the International TSVs (N=237,
M=0.50, SD=1.31), the respective percentages were 73% and 30%. When regressing the TSV and
the measured indoor temperature, a strong positive correlation was observed and, based on the
data collected, the neutral temperature relative to nationality could be estimated using the equa-

tions below:
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Figure 18 Thermal sensation votes (summer): a) Correlation between TSV and indoor air temperature at vote for Japanese subjects;

b) Correlation between TSV and indoor air temperature at vote for international subjects.

Eq. 2 Linear regression model TSVyp: Ti (summer)
TSVip = 0.285 Ti — 7.4, where (N = 183; p < 0.001; R?= 0.09; S.E.=1.36; F statistic = 17.7)
Eq. 3 Linear regression model TSVind: Ti (summer)

TSV = 0.262 Ti — 6.6, where (N = 237; p < 0.001; R>=0.22; S.E.=1.15; F statistic = 67.4)

The calculated neutral temperature for Japanese subjects (1pTn) using Eq. 2 1s »pTn = 25.9°C. This
is only 0.6°C lower than voted 1PTn=26.5°C — the mean indoor air temperature when the Japanese
subjects voted “neutral”. The calculated neutral temperature for international subjects (intTn) using
Eq. 3 is mtTn = 25.4°C. This is 1.8°C lower than voted mi Tn=27.2°C — the mean indoor air tempera-
ture when the international subjects voted “neutral”. The difference in slopes leads to thinking
Japanese subjects are more sensitive to their indoor environment, even though the difference in
sensitivity is small. This supports the outcome of the probit analysis. Also, the slopes of the re-
gression equations are comparable with the slopes derived from similar research: Indraganti and
Bousaa estimated 0.216/K [30] and 0.283/K [31] in office buildings in Doha, Qatar; Katsuno et al.
[70] estimated 0.273/K in CL mode in residential houses in Kanto region, Japan; Ning et al. (53]
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found 0.248/K in dormitory buildings in spring in Harbin, China; He et al. [57] found 0.225/K,
0.269/K and 0.282/K for Chinese students of different origin in dormitories during summer in
Changsha, China. However, there are instances when the sensitivity to the indoor temperature was
observed to be higher (0.403/K in FR in Kanto, Japan [70]) or lower (0.187/K in FR and 0.106/K
in CL in Kanto, Japan [73]).

The linear regression defines a single value for the expected Tn. However, if using the assumptions
in the PMV/PPD model, and calculating for TSV=+0.85 and for TSV=%0.5, it is possible to derive
the range of Ti corresponding to 80% and 90% acceptable thermal sensation respectively [29]. In
our survey 80% falls within 23°C and 29°C for Japanese subjects and within 22°C and 29°C for
non-Japanese. The 90% fall within 24°C to 28°C for Japanese and within 23°C and 27°C for non-
Japanese. Similar range was already observed in subsection 2.4.1, however the percentages asso-

ciated with nationality there differed by ~10%.

To investigate which other variables affected the TSV together with Ti, a multiple regression anal-
ysis was conducted including Ti, RHi, clo and Met values. As AHi was strongly correlated with Ti
(opAH;i: 1pTir =0.60, p<0.001; muAHi: maTi r =0.79), this variable was excluded from regressing in
combination with Ti. The expectation was that relative humidity, clothing and metabolic activity
would significantly affect TSV for both Japanese and international students. However, this was
the case neither for Japanese votes, nor for the international (see Eq. 4 and Eq. 5). Based on the
Type III sum of squares only the Ti brings significant information to explain the variability of

TSV. The following analysis focused only on the temperature.
Eq. 4 Multiple regression model TSVip: Ti, RH;, Lo, M

TSVip=0.287 Ti + 0.009 RHi — 1.310 [a1 + 0.225 M - 7.9

Eq. 5 Multiple regression model TSVinu: Ti, RHi, L, M

TSV =0.259 Ti + 0.003 RHi + 0.553 clo + 0.337 Met — 7.7

Linear regression is believed to have some major drawbacks when used for estimating the neutral
temperature: 1) majority of votes are clustered around the central point of the thermal sensation
scale (Figure 18) as well as 2) the constant behavioral adaptation from the subjects that cannot be
accounted for by this analysis as the vote remains constant especially because of the adaptive
measures implemented [30]. The precision of the linear regression coefficient was improved fol-
lowing the usual analytical approach. Then, the comfort temperature was estimated using the Grif-

fiths’ method.
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Table 10 Statistics of the multiple regression analysis. Stage 1 (summer)

Variable Japanese (N=183) International (N=237)
n_ name p S.E. R2adj. F stats p St. error R2;. F stats
1 T p1<0.001 S.E.;=0.069 p1<0.001 S.E.;=0.032
2 RH; p2=0.506 S.E.,=0.009 p2=0.722 S.E.,=0.009
0.08 4.8 0.22 17.6
3 clo p3=0.517 S.E.;=2.017 p3=0.529 S.E.s=0.878
4 Met  ps=0.320 S.E.4=0.226 psa=0.126 S.E.4=0.219

NOTE: N: Number of observations; pn: Significance of the effect on variable n; S.E.n: Standard error for variable n; R%qj.: Adjusted
regression coefficient of determination; Ti: Indoor temperature (°C); RHi: Indoor relative humidity (%); La: Clothing insulation

(clo) where 1clo = 0.155 m?*K/W; M: Metabolic activity (met) where 1met = 58.2 W/m>

2.4.3. Improving the Precision of Linear Regression Coefficient

When considering the downsides of the regression method as mentioned above, it is necessary to
improve its precision. The widely accepted method to do that is to analyze the within-day and
within-room averages. That is to use the variability of the thermal sensation vote from its mean

and, to correlate it to the variability of the indoor temperature from its mean [20], [30].

In order to apply this method to our data set, the mean thermal feeling (Tfm) and mean indoor
temperature (Tim) were calculated for all the sets of data collected within a day in each of the 18
dormitory rooms for all the survey days within summer. These values were the room-wise day-
survey averages. The variability in thermal sensation is defined as dT+=T-Tm (the mean of the
thermal sensation/feeling vote within the day in a single room is subtracted from the actual thermal
sensation/feeling vote). Similarly, the variability in indoor temperature is defined as 6Ti=Ti-Tim
(the mean of the indoor temperature within the day from a single room is subtracted from the actual
measured temperature at vote). The data was then split relative to nationality. More than 50% of
the variability in international subjective sensation was zero, while a little over 40% was the zero
variability in the Japanese sensation. That means that within a single day a subject’s mean vote
was mostly equal to their actual vote of that day. If their average vote of the day was “neutral” the
actual vote “neutral” frequented too. The regression d8T¢: 8Ti from both Japanese and international
votes demonstrated that when there was low to no variability in the temperature, there was low to
no variability in the sensation vote too (Figure 19 and Figure 20). The relation was positive in both
cases, that is, when the variability in temperature increases (bigger fluctuations from the mean),

the sensation vote variability is expected to also increase. The linear regression equations are:
Eq. 6 Room-wise day-wise linear regression model for Japanese subjects (summer)
1»(Tt— Ttm) = 0.441 5p(Ti-Tim) + 0.0, (N = 183; p < 0.001; R?= 0.12; S.E.=0.94; F stat. = 23.5)
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Eq. 7 Room-wise day-wise linear regression model for non - Japanese subjects (summer)

(Tt — Tfn) = 0.322 1nd(Ti-Tim) — 0.0, (N = 237; p < 0.001; R*= 0.15; S.E.=0.74; F statistic = 41.8)
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Figure 19 Room-wise day-survey averages — Japanese vote (summer) a) Frequency distribution; b) Linear regression. Note: Outer

lines indicate the residual standard deviation

From the linear regression 8Tr: dT; the corrected value of the regression gradient was derived. It
was 0.44/ K for Japanese and 0.32/ K for international vote. It needs further adjustment as this
value does not account for the possibility of measurement errors. The adjusted coefficient is cal-

culated using the formula following below:

Eq. 8 Formula for calculating adjusted linear regression coefficient

L _ b
o= O-zé’r - O-grr

L

Where b is the coefficient from 0Tt : 8Ti linear regression (0.441 for Japanese and 0.322 for inter-

Cr.
national vote); ozéTi is the variance of 8T;; and 62, is the error variance of 6Ti taken as the ‘ST‘/ N

— the variance of 8Ti divided by the square root of the number of data points. Solving the equation
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provided us with an adjusted regression coefficient of jpbadj.= 0.48/ K and mtbadj= 0.34/ K. Similar
values were derived from SCATs and ASHRAE databases [74]. The adjusted coefficient for Jap-
anese data got closer to 0.5/ K value that has been used in previous studies. The difference between
b and bag;. is explained with the effect of the adaptive behavior people undertake in order to main-

tain their neutral sensation [20], [47], [30].
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Figure 20 Room-wise day-survey averages — International vote (summer) a) Frequency distribution; b) Linear regression. Note:
Outer lines indicate the residual standard deviation

Lee et al. [75] investigated the difference in thermoregulatory responses between Japanese and
non-Japanese subjects (indigenous to tropical climates) in resting conditions. They observed
higher core temperature and lower temperature in the extremities in their non-Japanese subjects as
compared to the Japanese ones. Lee et al. attributed the observation to a “pre-conditioned state to
reduce thermal and cardiovascular strains when working in heat” and this may also be the expla-

nation of the observed difference in subjective sensitivity in the current study.
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2.4.4. Griffiths’ Method for Calculating Summer Comfortable Temperature

Griffiths method estimates a temperature that is assumed comfortable based on the actual vote of

neutral sensation and a regression coefficient. It is calculated by Eq. 9:

Eq. 9 Griffiths” model - formula for calculating comfort temperature using indoor temperature and sensation vote

0—TSV
GTC = Ti + T
Where GT. is Griffiths’ comfort temperature (°C); Tiis indoor temperature (°C); 0 is numeric code

for “neutral” sensation vote based on the seven — point sensation scale used in this study; TSV is

actual sensation vote using the same scale; a is Griffiths’ regression coefficient.

Griffiths’ coefficient accounts for the sensitivity to indoor temperature change and the value used
predominantly is a=0.5 [20], [30]. However, previous research explores ¢Tc at two more values:
a=0.25, and a=0.33 [51], [74], as well as the value of the adjusted coefficient bagj. derived from
room-wise day-survey analysis if conducted [30]. GTc was estimated using four values for the

Griffiths’ coefficient and the results are presented in Table 11.

The current field survey directly asked about the comfort. It made it possible to compare the cal-
culated GT¢ (Table 11) and the observed votedTc (Table 12). For the Japanese data, the calculated
comfort temperature at 0.48/K was close to the voted at the median and mean, but the estimated
range by the calculation was much wider than the observed (difference of 6.1°C), respectively the
estimated by calculation standard deviation was double the observed. At 0.48/K 80% of the jp GTe
fall within 22°C and 30°C, while the actual voted 80% of the jp votedTc fall within 25°C and 29°C

(narrower range by 4°C).

As for the international data, the calculated comfort temperature at 0.34/K was close to the voted
at the inter quartile range (IQR) but differed at the median and mean by ~1°C. The estimated range
by the calculation was again much wider than the observed (difference of 6.9°C). Respectively,
the estimated by calculation standard deviation was bigger than the observed. At 0.34/K 80% of
the mt GTe fall within 22°C and 30°C, while the actual voted 80% of the mtl votedTc fall within 24°C
and 30°C (narrower range by 2°C). Graphing the calculated and the voted mean comfort tempera-
ture for each survey month (Figure 21) relative to nationality visually displayed the above — the
Japanese voted comfort temperature is relatively close to the calculated value and usually a bit
higher. The international voted comfort temperature however notably differed from its calculated

counterpart. However, it almost coincided with the mean indoor temperature.
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Table 11 Descriptive statistics of comfort temperature calculated by Griffiths’ method using different regression coefficients. Stage

1 (summer)

Calculated comfort temperature cT. (°C)

Regression coefficient

(K) N Min Q1 Median Q3 Max Mean SD
0.50 18.8 244 26.5 28.3 324 26.2 2.8
% 0.48 (see Section 2.4.3) . 18.5 24.2 26.2 28.3 32.6 26.2 2.9
g 0.33 15.7 232 26.4 29.1 34.5 26.0 4.1
0.25 12.8 22.0 26.2 29.9 36.4 25.8 5.4
= 0.50 18.6 24.5 26.2 27.7 342 26.2 2.6
'g 0.34 (see Section 2.4.3) 737 16.0 234 26.1 27.9 359 25.9 33
f’..: 0.33 15.5 232 26.0 28.1 36.3 25.8 3.5
B 0.25 12.6 22.2 254 28.4 38.2 253 4.6

Note: Q1: First quartile marks 25% of the data points; Median: Marks 50% of the data points; Q3: Marks 75% of the data points;
(Q3-Q1): Marks the interquartile range — Central 50% of the data points; Mean: Arithmetic average; SD: Standard deviation.

Table 12 Descriptive statistics of the actual temperature at TC +1,+2 and +3 (Comfortable side of the scale) in summer

Observed comfort temperature T. (°C)

N Min Q1 Median Q3 Max Mean SD
JP votes “comfortable” 130 23.2 25.6 26.2 27.2 30.7 26.5 1.4
Intl votes “comfortable” 187 18.6 25.4 27.6 29.0 31.6 27.1 2.5

Note: Q1: First quartile marks 25% of the data points; Median: Marks 50% of the data points; Q3: Marks 75% of the data points;
(Q3-Q1): Marks the interquartile range — Central 50% of the data points; Mean: Arithmetic average; SD: Standard deviation.

Eq. 10 Linear regression model jp 6 Tc: Ti (summer)
»GTe=0.429 Ti+ 14.8, (N = 183; p < 0.05; R?=0.05; S.E.=2.72; F statistic = 10.0)
Eq. 11 Linear regression model i 6Tc: Ti (summer)

mi 6T = 0.207 Ti +20.1, (N = 237; p < 0.05; R>= 0.02; S.E.=3.50; F statistic = 4.6)
Eq. 12 Linear regression model s 6 Tc: To (summer)

1»GTe=0.105 To +23.5, (N = 183; p < 0.05; R?= 0.03; S.E.=2.76; F statistic = 4.8)
Eq. 13 Linear regression model i 6 Tc: To (summer)

il GTe = -0.048 To + 27.1, (N = 237; p = 0.523; R?=0.00; S.E.=3.53; F statistic = 0.4)

To compare with the existing research and, to investigate whether the Griffiths model holds sta-

tistical significance with respect to our dataset, the analysis was continued. The ¢T. at 0.5/K was
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used for the Japanese data and ¢Tc at 0.33/K for the international data (Figure 22,). The calculated
comfort temperature for all nationalities in our survey proved to be very weakly correlated to the
indoor air temperature or outdoor temperature (Figure 23, Figure 24, Eq. 10~Eq. 13). For the in-
ternational students the relation between calculated comfort temperature and the outdoor temper-

ature was even statistically insignificant (Eq. 13).
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2.5. Summer Results. Comparison with Related Standards

A number of international standards regulate the indoor environment [19]. They have established
thermal comfort models to predict the indoor comfort temperature based on the running mean
outdoor temperature. The comfort temperature derived for Japanese and international students was
correlated to running mean outdoor air temperature as calculated in subsection 2.2 and to mean
daily outdoor temperature to compare the results to EN 15521 [72] and ASHRAE [76] respec-
tively.

Relating the Japanese comfort temperature to both Trm and Tod resulted in statistically significant
positive correlation (p < 0.001). However, the sensitivity to Tim is almost two times higher than to
the Tod. Relating the international comfort temperature to both Trm and Tod resulted in statistically
insignificant positive correlation to both Trmand Tod (Figure 25). Comparing to the adaptive model
in EN 15521, it can be observed that almost all data points are within the range of group III and
that our model for international students almost coincided with it. However, the Japanese sensitiv-
ity was stronger than in the standard’s model (regression coefficient of 0.451). Still, the regression

line estimated by our data set remains within the boundaries of the EN 15521 Class I comfort zone.

The closest to a university dormitory building type included in the ASHRAE Global Thermal
Comfort Database II is the “multifamily housing building” or a “classroom” [22]. However, dor-
mitories resemble but also differ from either one. In addition, dormitories accommodate multina-
tional students at the beginning of their stay in Japan, thus being the first indoor environment they
experience under different climatic conditions. It seems reasonable that field survey datasets from
dormitories should aim at becoming part of that global database. As the correlation i GTe: Tod Was
statistically insignificant, only the Japanese comfort model could be compared. Its slope was very

close to the standard’s, but it predicts ~0.5°C higher comfort temperatures than the standard.

The summer energy conservation measures in Japan, issued by METI (Ministry of Economy,
Trade and Industry) recommend indoor temperature in summer no less than 28°C (blue dotted line
in Figure 25) in order to limit the energy consumption and thus address the issues of energy de-
pendency of the country [77]. However, this study shows that for all nationalities comfort is to be

expected at a lower temperature and the difference can get up to 2~3°C.

The neutral and comfort temperature observed and estimated in the study, remained invariably
below the recommended temperature threshold for Japan in summer leading to believe that that

threshold is worth reevaluating.
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2.6. Summer Results. Comparison with Existing Research

The sensitivity to indoor conditions observed in subsection 2.4.2 is comparable with the sensitivity
in similar research: 0.216/K [30] and 0.283/K [31] in Doha, Qatar; 0.273/K [70] in residential
houses in Kanto region, Japan; 0.248/K in dormitory buildings in spring in Harbin, China [53];
0.225/K, 0.269/K and 0.282/K for Chinese students of different origin in dormitories during sum-
mer in Changsha, China [57]. However, there are instances when the sensitivity to the indoor tem-

perature was observed to be almost twice lower (0.106/K in CL in Kanto, Japan [73]).

In the field survey conducted by Nakano et al. [48] in an office building in Japan, the “neutral”
votes recorded were ~26% - a number between the percentages observed in the current study for
Japanese and non-Japanese neutral votes (Table 6). However, in Nakano’s study, the votes “com-
fortable” were also 26%, showing strong non-linear correlation between the two. In our survey

more than 70% of the votes were “comfortable” irrespective of nationality and a strong negative
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linear correlation to the sensation (Figure 16). The difference in linearity might be because our

survey reports only summer data while the other research team reported a year-round data.

In both surveys, a significant difference in TSV was found relative to nationality. Nakano et al.
[48] observed 3.1°C difference in neutral temperature between Japanese females (25.2°C) and non-
Japanese males (22.1°C), and 2.2°C difference between Japanese males (24.3°C) and non-Japanese
males (22.1°C). In both cases, the non-Japanese vote was at lower temperatures. Interestingly, even
though the thermal sensation vote varies significantly depending on nationality, the neutrality for
all in our study is expected to be achieved at the same temperature (~26°C) (Table 8) and within
the same range of 24-28°C (subsection 2.4.1). The difference in results might be influenced by the
actual nationalities in the international sample (61% of the international subjects in Nakano’s study
were from North America and Europe, and only 22% Asian); or it might be due to the different

period of conducting the studies (summer season vs. entire year).

Table 13 Comparison of comfort temperature in summer with existing research

Temperature for

Area of the research Reference Comfort temperature (°C)
calculation
Japan (Tokai) This study (see section 2.4.2, p.35) T; 26.0 (24.0-28.0) *
Japan (Tokai) This study (see section 2.4.1, p.33) T; 24.0-28.0 **
Iran [32] T; 28.4
Pakistan [33] Ty 26.7-29.9
Nepal [34] T, 21.1-30.0
UK [35] T; 22.9
Singapore [36] Top 28.5
Indonesia [37] Top 29.2
Malaysia [38] T; 30.1
India [39] T, 29.2
China [40] Top 28.6
Japan (Kanto) [43] Tim 25.8 (FR, CL)
Malaysia [43] Trm 25.6 (CL)
Indonesia [43] Trm 24.7,26.3, 27.5 (FR, CL, MM)
Singapore [43] Tim 26.4 (CL)
Japan (Kanto) [47] T, 25.0 (FR), 25.4 (CL)
Japan (Kanto) [50] T; 23.6 (FR), 27.0 (CL)
Japan (Gifu) [51] T; 26.1
China [55] Top 25-29 (FR)

Note: Tg: Globe temperature (°C); Ti: Indoor air temperature (°C); Top: Operative temperature (°C); * Estimation by regression; **

Estimation by probit analysis; FR: Free-running mode; CL: Cooling mode; MM: mixed mode
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Indraganti and Boussaa [30] also observed strong correlation between TSV and TP in their year-
long office survey in Qatar. Difference in coding of the votes gives a positive value for the corre-
lation they observed, however, practically the subjective attitude observed was the same — the
hotter the people felt, the colder they would prefer it to be. However, the mean TSV they observed
was on the cooler side of neutrality, while in our study it is on the warmer side for both Japanese
and non-Japanese students (see section 2.2, Figure 15a). This can be explained either by the dif-
ferent length of the study or by the higher percentage of air conditioner use in Qatar survey as
compared to our current survey. Similar to our study, in Qatar the observed percentage of “com-
fortable” was high (just slightly less than 80%); as well as the acceptability was very high (over
80%).

Comparing with the previous research, it can be observed that other researchers also report values
of comfort close to 26°C in Japan irrespective of the variable they use for the calculation or the
type of building where they conduct the research. The comfort temperatures in southern countries
demonstrate higher values, while in countries located more to the north researchers report lower
comfort temperatures. The data observed in our study complies with previous comfort research in

Japan and other Asian countries as shown in Table 13.

3. Conclusions for Summer Neutrality and Comfort

Currently presented results were obtained from a field survey about environmental comfort in typ-
ical university dormitory buildings in Japan during the summer period of 2017. The aim of the
study was 1) to snapshot the subjective thermal comfort of the Japanese and non-Japanese students
relative to temperature, humidity and other factors, 2) to understand what is the difference, if any,
between the temperature defined as neutral or comfortable and 3) to get an insight how tolerant

are the students to their indoor environment.

Subjective votes were collected through a traditional paper questionnaire. Simultaneously, meas-
urements of physical parameters of the indoor and outdoor environment were conducted and the
two data-sets were linked. The correlation of the subjective neutrality and comfort were investi-
gated in relation to nationality; as well as the effect of sensation to occupants’ preference and

tolerance to their indoor environment.
Nationality significantly affected thermal sensitivity, comfort and preference.

Voted thermal acceptability was invariably above 90%.
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The study investigated the combined influence of the measured temperature, humidity, clothing
and activity on the thermal sensation with respect to nationality. Interestingly, despite the high
levels of humidity observed, the multiple regression model showed that only the indoor tempera-
ture was significant for explaining the variability of thermal sensation for both Japanese and non-

Japanese students.

Probit analysis showed that the highest probability of voting neutral for university students in dor-
mitory buildings can be estimated within 24~28°C indoor temperature. However, within that
range, the probability for Japanese students was estimates only as high as 70-75%, while for the

international students it was above 80%.

The adjusted linear regression coefficient yielded from the room-wise day-wise averages were
0.48/ K and 0.34/ K for Japanese sensitivity and international sensitivity respectively, showing
that Japanese students are notably more sensitive to their indoor environment as compared to non-

Japanese ones.

Griffiths’ model of estimating comfort temperature showed little predictability in our study and

notable differences from the actually voted comfort, especially for non-Japanese students.
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CHAPTER II1

Winter Survey. Data Summary and Statistical Analysis

The second stage of the field survey was planned and conducted in the winter of 2017-2018 in the
same two university dormitory buildings. The aim was again 1) to snapshot the subjective thermal
comfort of the Japanese and non-Japanese students relative to temperature, humidity and other
factors, however — this time about winter season, 2) to understand what is the difference, if any,
between the temperature defined as neutral or comfortable and 3) to get an insight how tolerant

are the students to their indoor environment.
1. Methodology

1.1. Location and Winter Climate

The climate data for winter 2017-2018 in Toyohashi (Figure 26; see also Chapter I, sub section
1.1, page 17) was provided by Japan Meteorological Data Agency (JMA) from WMO ID:47654
(weather meteorological observation point) [64]. The mean monthly outside temperature reached
its minimum in January (Tavg. = 5.5°C; Tmin. = 1.7°C; Tmax. = 9.7°C). The mean relative humidity

reached its minimum of 51% in February.
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Figure 26 Toyohashi. Japan. a) Location; b) Climate. Data from JMA WMO ID: 47654 — min, max and mean air temperature and

relative humidity for winter season 2017 - 2018

1.2. Winter Measuring Period

In Toyohashi the residents experience two opposing climate conditions within a year - peak hu-
midity and temperature in summer and their lowest values in winter. The survey was conducted in
both periods and the current paper presents the winter findings. The winter stage of the field survey
was conducted in 2017 and 2018 (from December 5, 2017 to February 2, 2018). The targeted
period was the winter. The period was divided in three sub periods. Each sub period consisted of
two weeks of measurements (sub-period 1: 12/5~12/15; sub-period 2: 12/18~1/19; sub-period 3:
1/22~2/2). The weeks of the survey were not sequential to better adjust to the academic calendar
and students’ lifestyle. Within each week, the measurements were taken during the normal work-

ing days, from Monday to Friday (sub-section 1.4).
1.3. Dormitory Buildings and Sample Selection

The winter survey was conducted in the same two dormitory buildings as in summer: International
dormitory (Kaikan) and the newly built dormitory for Japanese and foreign students (GSD —
Global students’ dormitory) in Toyohashi University of Technology, Japan (TUT) (see also Chap-
ter I, sub-section 1.3, page 18). The population of interest was represented by a sample from the
international students currently residing in Kaikan and in GSD. In both dormitories the students
were living in private rooms. The heating source was a separate for each room air conditioner, split
system, with heating, cooling and dehumidifying operation modes. The inner body was installed

at 2.0-2.2m from the floor.

52



1.4. Field Survey — Winter Stage. Data Collection and Analysis

The design of Stage 2 (winter) of the field survey study was the same as Stage 1 (summer) - lon-
gitudinal with repeated sampling of limited number of subjects (see also Chapter I, sub-section
1.4,page 20). At the beginning of each measuring week, a set of paper questionnaires was provided
to each volunteer in their preferred language — Japanese or English (Appendix C and Appendix
D). The subjective thermal votes were collected using the recommended scales and wording of the
questions in ISO 10551: 2003 (E) for assessment of thermal environment using subjective judg-
mental scales [67] and in ANSI/ASHRAE 55 [26]. The wording for each point on the scale of the

thermal responses and the percentage distribution of votes in winter is presented in Table 16.

The subjects were asked to state their activity and clothing at the time of each vote. A list of
reference clothing and physical activity was provided with the questionnaire. The values assigned
for calculation of the winter clothing and activity are in Appendix E, Appendix Table E-1 , Ap-
pendix Table E-2 and Appendix Table E-3 . The same approach as in summer was used to ensure
quality of votes (see also Chapter I, sub section 1.5, page 20). Measurements of the indoor and
outdoor air temperature and relative humidity were continuous at one-minute intervals from Mon-
day to Friday. Globe temperature was not measured and, it is considered as a limitation to the
study. However, the correlation between the indoor air temperature and globe temperature is in-
variably very strong, as reported by other researchers in various buildings [45], [47], [51]. Further-
more, it has been stated that simple air temperature can be used in long term measurements pro-
vided that there are no large hot/ cold surfaces [78]. In winter stage of the survey CO2 indoors was
also measured. Placement of devices and air velocity assumptions were the same as in summer

(Chapter I, sub section 1.5, page 20)
1.5. Analysis Sequence
The winter analysis followed same sequence as in summer (Chapter I, sub section 1.6, page 22):

— indoor conditions defined as “neutral” were analyzed in relation to the outdoor conditions.

— the set of four subjective thermal responses (TSV, TC, TP and TA) was listed, distributed and
correlated to outdoor conditions, to one another, as well as to indoor conditions.

— Logistic regression of sensation vote and indoor air temperature was conducted to obtain a
range of temperature within which the expected probability of voting neutral was the highest.

— Linear regression of sensation vote and indoor air temperature was conducted to obtain a sin-

gle value for neutral temperature.
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— The influence on TSV of other factors such as humidity, clothing and activity was checked
using multiple regression.

— Finally, Griffiths method was used to calculate the comfort temperature which was then com-
pared to actually voted comfort temperature.

— The results were corelated to international standards and previous research in the field.

2. Results and Discussion
2.1. Participants in Winter Stage

In the winter stage of the survey, 19 healthy, Japanese and International students from 20 to 30
years of age volunteered to participate (males: M = 24.6, SD = 3.5; females: M = 22.2, SD = 1.5).
More than 90% of the participants’ body mass index (BMI) was in the normal zone (M = 22.2, SD
= 2.0). The total number of volunteers, sex, age, nationality, ethnicity and BMI distribution is

presented in Figure 27.
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Figure 27 Population sample in winter (N=300 votes) — Number of votes: distribution relative to age, sex, nationality, ethnicity and
BMI. ** ML (Malaysian); V (Vietnamese); IND (Indonesian); BA (Bangladeshi); MX (Mexican); G (German); BR (Brazilian); H
(Hungarian); R (Russian)
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2.2. Winter Indoor and Outdoor Environment at Vote

The subjects were asked to mark the time of their vote. This time was then set to the closest fifteen
minutes. The subjective and objective data was coded, organized and matched to one another the
same way as in summer (Chapter I, sub-section 2.2, page 24). During the winter time study, a total
of 172 questionnaires in Kaikan and 152 questionnaires in GSD were collected. As valid are con-
sidered these votes, at which 1) there was a physical record of temperature and humidity indoors
and out, as well as the set of four votes (sensation, comfort, preference and acceptability); and 2)
there was no outdoor activity stated, or it was less than ten minutes within the last thirty minutes

prior to voting. Considering the above, 300 valid votes were collected in winter.

The daily mean outdoor temperature (Tod) was provided by JMA [64]. Exponentially weighed

running mean of the daily outdoor temperature for winter (Trm) was calculated using Eq. 1.

The numerical results at the times of vote are presented in Table 14. Variations in indoor temper-
ature and absolute humidity were higher than outdoors, while for the relative humidity it was the

opposite.

Table 14 Descriptive statistics of the collected data at times of vote. Stage 2 (winter)

Ti Tout Tod Trm RH] RHo Va AHl AHo Icl M BMI
C) (C) (O (C) (%) (%) (@m/s)** (kg/kgpa) (kg/kgpa) (clo) (met) (kg/m?)

Min 98 29 -03 12 21 25 0.001 0.003 0.001 0.36 1.0 19.4

Max 337 148 108 79 98 100 0.425 0.011 0.009 2.11 2.7 27.8

Mean 19.6 42 47 44 47 66 0.032 0.007 0.003 0.63 1.3 22.2

St.D 4.7 3.7 2.6 1.5 14 18 0.063 0.002 0.001 0.23 0.4 2.0

NOTE: Number of observations in winter N=300; Ti: Indoor temperature (°C); Tout: Outdoor daily mean temperature (°C); Tod:
Outdoor daily mean temperature (°C); Trm: Outdoor daily running mean temperature (°C); RHi: Indoor relative humidity (%); RHo:
Outdoor relative humidity (%); AHi: Indoor absolute humidity (kg/kgpa); AHo: Outdoor absolute humidity (kg/kgpa); Va: air ve-
locity (m/s); Lu: clothing insulation (clo) where Iclo = 0.155 m?K/W; M: activity level (met) where Imet = 58.2 W/m?; BMI: Body
mass index (kg/m?)** The observed values of air velocity were outside of the measurement range, that is why they were all set to

0.1m/s

Extended “neutral” is the parameter when the subjects voted TSV = -1, 0, +1 (Figure 28). There
was no significant correlation between the indoor neutral temperature (Tn) and the outdoor tem-
perature (Table 15, Figure 29), irrespective of whether it was the measured outdoor value, the daily
mean or the daily running mean. It was surprising to observe such disconnection from the local

climate. It is foundational assumption in the adaptive model theory and, extensive studies have

supported it. For example, in residential buildings in China, Li et. al [41] reported very strong
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sensitivity to climate in the zones with severe cold and cold winter (0.471/K, 0.660/K) and even
stronger in the zones with hot summer and cold winter (0.748/K, 0.739/K). Similar are the results

by Yan et. al [42].

In our study there was no correlation to relative humidity (RHn) either irrespective of nationality.
Only extended neutral absolute humidity indoors showed significant correlation to its outdoor
counterpart (Table 15). As seen in Figure 28 and Figure 29, indoor humidity at extended “neutral”
vote was low with mean RHx of 47% (IQR from 38% to 58%) and AHn of 0.007 kg/kgpa (IQR
from 0.006 to 0.008 kg/kgpa). The measured air speed in winter was again very low suggesting
still air. Such low values were observed by Indraganti and Bousaa offices in Qatar in summer [30],
as well as by Ning et al. in Chinese dormitories in winter [53]. In the current study, a standard

value of 0.10m/s air speed was selected for any necessary further calculations.

Table 15 Correlation coefficients. Stage 2 (winter)

All data points (N=189) Japanese (N=75) International (N=114)

r a B R p r a B R p r a B R p

Tn: Toue -0.04 -0.040 20.3 0.001 0.619 -0.02 -0.022 19.2 0.001 0.843 -0.09 -0.102 21.2 0.007 0.360

Ta: Toa -0.07 -0.106 20.6 0.005 0.351 -0.14 -0.208 20.0 0.020 0.222 -0.12 -0.192 21.8 0.013 0.225

Tn: Trm  0.07 0.189 19.2 0.004 0370 0.40 1.169 14.4 0.163 <.001 -0.13 -0.379 22.5 0.017 0.172

RHx: RHo 0.13 0.106 40.1 0.016 0.082 0.20 0.149 35.4 0.041 0.082 0.09 0.077 43.2 0.008 0.352

AHn: AHo, 0.51 0.562 0.005 0.261 <.001 0.37 0.414 <.05 0.139 <.001 0.54 0.556 <.05 0.288 <.001

NOTE: N: Number of observations at TSV (-1,0,+1); r: Coefficient of correlation (Pierson’s r); a: Slope of regression line; f:
Intercept of regression line; R2: Regression coefficient of determination; p: Confidence interval; Ta: Neutral indoor temperature
(°C); Tout: Outdoor temperature (°C); Toa: Outdoor daily mean temperature (°C); Tim: Outdoor daily running mean temperature (°C);
RHa: Neutral indoor relative humidity (%); RHo: Outdoor relative humidity (%); AHn: Neutral indoor absolute humidity (kg/kgpa);
AHo,: Outdoor absolute humidity (kg/kgpa)

2.3. Thermal Sensation, Comfort, Preference and Acceptability in Winter

The distribution of TSV, TC, TP and TA relative to nationality is presented in Table 16. Less than
one in every five Japanese students were feeling neutral (17%), while the percentage for the non-
Japanese ones was slightly higher (22%). Although there were notable differences in percentage
of votes, at almost every point of the TSV scale the differences both in mean and in variance of

the T; of Japanese and non-Japanese data were insignificant . On the cold side of the scale were
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44% of the non-Japanese votes and 46% of the Japanese. On the warm side of the scale — 34% and
38% respectively. As for the voted thermal comfort, 72% of the non-Japanese votes were on the
comfortable side of the scale as compared to 66% of the Japanese votes. Only in the non-Japanese
dataset there were votes “very uncomfortable”. However, the percentage was low (2%). The Jap-
anese votes “prefer no change” were more than 50%, while more than half of the international
votes were “prefer warmer”. The acceptability for both was high - hovering slightly below and

slightly above 90% (for non-Japanese and Japanese subjects respectively).

Table 16 Percentage of thermal responses for each scale relative to nationality (Japanese: N=128; international: N=172). Stage 2

(winter)
Thermal sensation Thermal comfort (TC) % Thermal preference = Thermal acceptability
i;, (TSV) % (TP) % (TA)%
9
7]
JP Intl JP Intl JP Intl JP Intl
3 Hot - - Very comfortable - 5.2

2 Warm 164 134 Comfortable 38.3 41.9

1 Sl.warm 21.1 209 Sl comfortable 27.3 24.4 Warmer 42.2 51.7 Unacceptable 8.6 11.6
0 Neutral 17.2 22.1 No change 53.9 47.7  Acceptable 91.4 88.4
-1 Sl. cool 20.3 23.3 Sl uncomfortable 29.7 16.3 Cooler 3.9 0.6

-2 Cool 94 99 Uncomfortable 4.7 9.9

-3 Cold 15.6 10.5 Very uncomfortable - 2.3

Note: SL.: Slightly

The outdoor temperature measurements were grouped in 1°C bins. Frequency distribution of Jap-
anese and non-Japanese responses within each bin was graphed in Figure 30 and Figure 31. The
percentage of votes at heating mode (HT) and without the use of air conditioning (FR) were
graphed and overlaid onto thermal responses. It is noticeable that bigger percentage of Japanese
students vote “very cold” at temperatures of 1~7°C as compared to the non-Japanese ones. Overall
the pattern of air conditioning use is similar in both groups — predominantly heating at tempera-
tures below zero, balancing FR/ HT in the central area and increased percent of not using air con-
ditioning with the increase of outdoor temperatures. The subjective evaluation of comfort seems
to closely follow the use of heating and, the vote “prefer to be warmer” is almost uniformly dis-
tributed throughout the observed range of outdoor temperatures. Correlating the mean values of
the thermal sensation votes within each bin to the outdoor temperatures showed there was no sig-
nificant linear correlation (Table 17). However, strong quadratic correlation could be observed for
the subjective sensation and evaluation votes (Figure 34). Much weaker is the curve for preference
and acceptability. Below zero, both TSV and TC decrease to about 4-5°C outdoor temperature,

after which the trends were upward.
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Table 17 Correlation between mean thermal responses and outdoor temperature in winter

Relation All data points Japanese International
t0 Touw TSVan TCan  TPan  TAan TSVse TCspp TPy TAp TSVia TCwma TP
r 006 052 -023 -023 031 0.07 004 -035 -0.17 048 -0.14

P correlation  -0.406  0.087 -0.618 -0.618 -0.201 -0.429 -0.451 -0.712 -0.577 <0.05 -0.556 -0.592
quadraticR?  0.45 0.55 0.11 0.17 022 037 0.13 0.21 024 033 0.05

NOTE: Tou: Outdoor air temperature (°C); r: Coefficient of linear correlation (Pierson’s r); p: Confidence interval for linear corre-

lation; R?: Regression coefficient of determination for the quadratic expression of the correlation; TSV: Mean thermal sensation

vote; TC: Mean thermal comfort vote; TP: Mean thermal preference vote; TA: Mean thermal acceptability vote

Quadratic curve JP data

3 T . <> JPdata
- = = Quadratic curve Intl data < Intl data
o = Quadratic curve all data
= 2
©
(%]
o 1
(%]
‘©
e 0
S
()
<1
&
% = mean TSV, = 0.009T%,, - 0.105T,,, -0.132
3 R?=0.445
432-10123456 7 8 9101112131415 Legend
Outdoor air temperature (°C)
. ====== Quadratic curve JP data <> JPdata
= == Quadratic curve Intl data <> Intl data
) .
S 5 — u)airatlc curve all data OO
L N ey
E ©. K
1 29
o 6.~ '
“© K\ ’ v, pd=) /—\
g 0 U (w
g — 50
s, O
c
o
= = mean TC,, =0.010T%,, - 0.072T,,, +0.7671
3 R?=0.549

43210123456 78 9101112131415 Legend

Outdoor air temperature (°C)

Figure 34 Relationship of mean thermal responses to outdoor temperature. a) mean TSV : Tou; b) mean TC : Tout

Thermal sensation had strong positive correlation with thermal comfort (r = 0.75, p < 0.001) and
strong negative correlation with thermal preference (r = -0.71, p < 0.001) (Table 18). The hotter
the subjects sensed their environment, the more comfortable they felt (Figure 33a) and, their pref-

erence inclined from “prefer warmer” towards “prefer no change” without passing over the neutral

64

b)



line (Figure 33b). The correlation between comfort and preference was also strong and negative (r
=-0.60, p < 0.001). The more comfortable the subjects evaluated their indoor environment, the
closer their preference vote was to “no change” (Figure 33c). There was significant correlation
between TA and the other thermal responses, however the coefficient of determination was rela-

tively low (R*rsv: ta = 0.253; R?rc: 14 = 0.342 and R?1p. 1A = 0.092).

The regression lines derived from all the data, from only the Japanese and only the international
datasets were either very close or overlapping (Figure 33) revealing the same relationship between

thermal responses irrespective of nationality.

Table 18 Correlation between thermal responses. Stage 2 (winter)

All data points (N=300) Japanese (N=128) International (N=172)

r a B R p r a B R p r a B R* p

TC: TSV 0.75 0.718 0.9 0.565 <.001 0.79 0.650 0.9 0.621 <.001 0.74 0.778 1.0 0.542 <.001

TP: TSV -0.71 -0.242 0.4 0.498 <.001 -0.78 -0.265 0.3 0.615 <.001 -0.65 -0.222 0.5 0.421 <.001

TA: TSV -0.50 -0.098 0.1 0.253 <.001 -0.36 -0.061 0.1 0.130 <.001 -0.61 -0.131 0.1 0.376 <.001

TP: TC -0.60 -0.213 0.6 0.354 <.001 -0.64 -0.262 0.6 0.409 <.001 -0.59 -0.191 0.7 0.348 <.001

TA:TC -059 -0.119 0.2 0.342 <.001 -0.45 -0.093 0.1 0.204 <.001 -0.67 -0.135 0.2 0.444 <.001

TA:TP 030 0.172 0.0 0.092 <.001 0.23 0.119 0.0 0.057 <05 035 0217 0.0 0.120 <.001

NOTE: N: Number of observations; r: Coefficient of correlation (Pierson’s r); a: Slope of regression line; B: Intercept of regression
line; R2: Regression coefficient of determination; p: Confidence interval

It is a typical assumption that nationality affects the subjective thermal responses. To investigate
which factors indeed significantly affected the thermal responses in our survey, the votes TSV,
TC, TP and TA were divided by time of the day, use of air-conditioning, dormitory building, sex
and nationality and, tested for dependency on each of these factors through a chi-square test. The
use of air conditioning affected three thermal responses (TSV, TC and TP). Dormitory building,
sex and nationality affected two responses while time of day affected only one — only the thermal

acceptability. The statistically significant results are presented in Table 19.

The test only partially confirmed the initial assumption. It was surprising that the nationality did
not affect the thermal sensation vote. However, it affected the subjective comfort and the prefer-
ence vote. Current paper explores the nationality factor. It was evident that a certain adaptation
has taken place so to equalize the subjective thermal sensation votes of Japanese and non-Japanese

subjects. Similar observations have marked the necessity of an adaptive approach to comfort from
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its very beginning [p. 27, [20]]. Investigating further what might have caused such equality in
neutral vote, the mean values and the variance for clothing insulation, activity level and BMI at
each TSV scale point were compared. It seems that non-Japanese students voting on the warm side
were predominantly larger by one point of BMI, non-Japanese students tended to adjust their cloth-
ing when feeling cold and, when Japanese students voted on the warm side, they did more varying
activities inside their dormitory rooms. In Chinese dormitories during winter, Ning et al. also ob-

served that clothing adjustment is a main behavioral response [53].

Table 19 Summary of Chi-square results: Dependence of TSV, TC, TP and TA on sub-divisions. Stage 2 (winter)

Estimated by Regression*

Sub-division n df y%critical 2 p C0) 8T(°C)
TSV AC on: AC off 165: 135 43.34 <0.001
5 11.07
Male: Female 216: 84 12.93 <0.05
TC AC on: AC off 165: 135 29.79 <0.001
GSD: Kaikan 147: 153 15.25 <0.001
5 11.07
Male: Female 216: 84 25.52 <0.001
Japanese: International 128: 172 1873 <0.05  Tcp>220 Tema>21.9 0.1
TP AC on: AC off 165: 135 15.75 <0.001

GSD: Kaikan 147:153 2 5.99 841 <0.05

Japanese: International 128: 172 6.03 <0.05 Tpwp=270 Tpmu=332 -6.2

TA Day: Night 163: 137 1 3.84 743 <0.05

Note: Tc Calculated values for temperature at TC = 1 (slightly comfortable). As values TC 2 and TC 3 are on the comfortable side
of the scale, the results are given as an inequality; Ty Calculated temperature at TP = 0 (no change).

The linear regression conducted between the subjective votes and the measured air temperature
estimated the neutral, comfortable and “prefer no change” temperature for Japanese and interna-
tional subjects (Table 19). As the chi-square test showed that TSV was independent from nation-
ality, the regression was run for all the data points together and estimated the neutral temperature
Tn=21.5°C irrespective of nationality. Japanese subjects are expected to start feeling comfortable
at slightly higher temperature as compared to the international subjects (at 22.0°C and 21.9°C re-
spectively). However, the estimated comfort temperature by regression is extremely close. Only

in the preference vote, the estimated difference was notably sizable. Japanese vote “prefer no
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change” is expected at about 6°C lower temperature than the international vote (at 27.0°C and

33.2°C respectively).
2.4. Winter Neutral and Comfort Temperature
2.4.1. Logit Regression Analysis for Neutrality Range in Winter

Estimating the probability of getting a neutral Japanese and non-Japanese vote at a certain temper-
ature, requires conducting a probability analysis of TSV with the indoor temperature. Using the
XLstat add-in application for Microsoft Excel, an ordinal logistic regression analysis (probit
model) was conducted. The resulting equations for six probit lines derived from our winter dataset

are shown in Table 20.

Table 20 Probit analysis of thermal sensation and indoor temperature. Stage 2 (winter)

. Mean
JP TSV Pm.blt . Temperature SD N R? SE p
Intl regression line C)
<-3 P(g_3):-0.135 T,+14 104
<2  Pey=-0135T;+18 13.4
7
= < P1)=-0.135T;+2.4 17.8
2 7.42 128 0.46 0.03 <0.001
2 <0 P<o=-0.135T;+2.9 21.5
H
<1 P<ny=-0.135T; +3.7 27.4
<-3 P<3=-0.114T;i+0.8 7.0
>
A <2 Pey=-0114Ti+13 11.4
=
g <-1 P(g_1):-0.114Ti+2.1 18.5
= 8.80 172 0.53 0.02 <0.001
£ <0 Pcoy=-0.114 T; + 2.8 24.6
D
= < Pen=-0.114T+3.6 31.7

Note: P (<1 is the probability of voting 1 and less; P (<2) is the probability of voting 2 and less and so on; SD: Standard deviation;

N: Number of samples; R? (Cox and Snell): Coefficient of determination; SE: Standard error; significance p < 0.001)
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The equations P« tsv) represent the probability of voting the respective TSV vote or less — for
example P(<-1) represents the probability of voting -1 or less than -1 ( that is: from “slightly cool”
down on the scale to “cold”) [20], [30], [47]. The probit regression coefficient for Japanese uni-
versity students is calculated to be -0.135/K and for international ones: - 0.114/K. Mean tempera-
ture of the probit line is the absolute value of the result from dividing the y-intercept with the
constant — for example | +1.4/-0.135 | =|-10.4 | = 10.4 °C The SD is the absolute value of the in-
verse of the constant (SD =(1/-0.135| = | - 7.42 | = 7.42). Each equation was calculated for tem-
peratures from 9°C to 33°C which was the range of all the observed indoor temperature records
(separately, the JP records were in a narrower range). For each result obtained, the cumulative
normal distribution was calculated in MS Excel (function NORM.S. DIST (z, cumulative). The

six sigmoid curves of the probabilities were then plotted and presented in Figure 35.

The curves help to estimate the probability of voting at a specific scale point or lower at all tem-
peratures within the observed temperature range. As shown on Figure 35a, the probability of Jap-
anese students voting neutral or less (dotted black line of P (< 0)) at lower temperatures is high,
while with the rise of temperatures, this probability decreases. And, at ~15.0°C there is 80% prob-

ability of voting neutral or less. The explanation for all curves follows the same pattern.

When subtracting the probability of voting -2 from the probability of voting 1, the probability of
voting within the extended neutral range (-1, 0 and 1) can be obtained. It was observed that within
the range of 19°C and 22°C indoor temperature, the probability of Japanese students voting ex-
tended neutral is the highest. However, it is just slightly above 65% (Figure 35¢). The peak of the
graph for international subjects was within the interval from 19°C to 24°C). However, the expected
percentage is higher — reaching 75%. Japanese students appear to be more critical to their indoor

environment.
2.4.2. Linear Regression Method for Winter Neutral Temperature

Neutral is the temperature at TSV=0, where the subjects felt neither cold nor warm. Using linear
regression is a common method to derive the expected neutral temperature out of observed survey
responses despite some downsides as observed by researchers previously. During winter stage
59% of the Japanese TSV (N=128, M= -0.32, SD=1.66) were within the -1 to +1 segment of the
scale and, the neutral votes were 17% (Table 16). As for the International TSVs (N=172, M=-0.27,
SD=1.50), the respective percentages were 66% and 22%.
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When regressing the TSV and the measured indoor temperature, a strong positive correlation was
observed and, based on the data collected, the neutral temperature relative to nationality could be

estimated using the equations below:

Eq. 14 Linear regression model TSVyp: Ti (winter)

TSVip=0.195 Ti — 4.0, (N = 128; p < 0.001; R>= 0.21; S.E.=1.48; F statistic = 33.8)
Eq. 15 Linear regression model TSVin: Ti (winter)

TSV =0.146 Ti — 3.2, (N = 172; p < 0.001; R?=0.24; S.E.=1.31; F statistic = 54.7)

The calculated neutral temperature for Japanese subjects (1pTn) using Eq. 14 is ipTn = 20.6°C. This
1s 1.3°C higher than voted P Tn=19.3°C - the mean indoor air temperature when the Japanese subjects
voted “neutral”. The calculated neutral temperature for international subjects (1 Tn) using the Eq.
15 is muTn = 22.0°C. This is 2.3°C higher than voted mti Tn=19.7°C - the mean indoor air temperature
when the international subjects voted “neutral”. The difference in slopes leads to thinking Japanese
subjects are more sensitive to their indoor environment, even though the difference in sensitivity
appears to be small. This supports the outcome of the probit analysis. Also, the slopes of the re-
gression equations are comparable with the slopes derived from similar research: Rijal et al. esti-
mated 0.183/K and 0.168/K for Japanese subjects in offices in FR mode throughout a year and in
winter HT mode respectively [47];

The linear regression defines a single value for the expected Tn. However, if using the assumptions
in the PMV/PPD model, and calculating for TSV=10.85 and for TSV==£0.5, it is possible to derive
the range of Ti corresponding to 80% and 90% acceptable thermal sensation respectively [29]. In
our survey these ranges are from 16°C to 25°C (80%) and from 18°C to 23°C (90%) for the Japa-
nese subjects and, from 16°C to 29°C (80%) and from 19°C to 25°C (90%) for the International
subjects. The ranges are wider, but invariably include the range of 19°C to 22°C (and 19°C to 24°C
respectively) which was already observed in subsection 2.4.1. However, the expected probability
of voting neutral differed. Probit analysis showed that probability of voting neutral never reaches

80% no matter how wide the temperature range.

To investigate which other variables affected the TSV together with Ti, a multiple regression anal-
ysis was conducted including Ti, RHi, I and M values. As both RHi and AHi were strongly corre-
lated with Ti (;pRHi: 1pTi r =-0.60, p<0.001; jpAHi: 1pTi r =0.40, p<0.001; maRHi: maTi r =-0.27,
p<0.001; muAHi: maTi r=0.27, p<0.001), these variables should be excluded from regressing in
combination with Ti. The expectation was that clothing and activity level would significantly affect

TSV for both Japanese and international students. However, this was not the case (see the equation
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above). Based on the Type III sum of squares, only the Ti brings significant information to explain
the variability of TSV irrespective of nationality. The following analysis focused only on the tem-

perature.
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Figure 36 Thermal sensation votes: a) Correlation between TSV and indoor air temperature at vote for Japanese subjects; b) Cor-

relation between TSV and indoor air temperature at vote for international subjects.

Eq. 16 Multiple regression model TSVyp: Ti, RHi, Icl, M (winter)
TSV =0.196 Ti + 0.000 RHi + 0.331 a1 - 0.011 M —4.2

(N = 128; significance of the effect of Ti: p1 < 0.001; sign. of the effect of RHi: p2 = 0.979; significance of the effect of Lu: p3 =
0.727; significance of the effect of M: ps = 0.972; R%q. = 0.19; standard error for Ti: S.E.1=0.045; standard error for RHi:
S.E.»=0.015; standard error for la: S.E.3=0.946; standard error for M: S.E.4=0.314; F stat = 8.3)

Eq. 17 Multiple regression model TSVma: Ti, RHi, I, M (winter)

TSVina = 0.160 Ti + 0.008 RHi + 0.191 Ic1 - 0.268 M — 3.7

(N = 172; significance of the effect of Ti: pl < 0.001; sign. of the effect of RHi: p2 = 0.368; sign. of the effect of Icl: p3 = 0.613;

significance of the effect of M: p4 = 0.312; R2adj. = 0.24; standard error for Ti: S.E.1=0.027; standard error for RHi: S.E.2=0.009;
standard error for Icl: S.E.3=0.378; standard error for M: S.E.4=0.264; F stat = 14.2)
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Linear regression is believed to have some major drawbacks when used for estimating the neutral
temperature: 1) majority of votes are clustered around the central point of the thermal sensation
scale (Figure 36) as well as 2) the constant behavioral adaptation from the subjects that cannot be
accounted for by this analysis as the vote remains constant especially because of the adaptive
measures implemented [30]. In our analysis, the precision of the linear regression coefficient was
improved following the usual analytical approach. Then, the comfort temperature was estimated

using the Griffiths” method.
2.4.3. Improving the Precision of Linear Regression Coefficient

When considering the downsides of the regression method as mentioned above, it is necessary to
improve its precision. The widely accepted method to do that is to analyze the within-day and
within-room averages. That is to use the variability of the thermal sensation vote from its mean
and, to correlate it to the variability of the indoor temperature from its mean [20], [30], [47].
Mean=0.0
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Figure 37 Room-wise day-survey averages. Frequency percentage distribution: a) Japanese vote; b) International vote
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Figure 38 Room-wise day-survey averages. Correlation between change of sensation and change of indoor temperature: a) Japanese
vote; b) International vote. Note: Outer lines indicate the residual standard deviation

In order to apply this method to our data set, the mean thermal feeling (Tfm) and mean indoor
temperature (Tim) were calculated for all the sets of data collected within a day in each of the 19
dormitory rooms for all the survey days within winter. These values were the room-wise day-
survey averages. The variability in thermal sensation is defined as dT+=T¢-Tm (the mean of the
thermal sensation/feeling vote within the day in a single room is subtracted from the actual thermal
sensation/feeling vote). Similarly, the variability in indoor temperature is defined as 8Ti=Ti-Tim
(the mean of the indoor temperature within the day from a single room is subtracted from the actual
measured temperature at vote). The data was then split relative to nationality. Irrespective of na-
tionality, more than 50% of the variability in subjective sensation was zero (Figure 37). Zero var-
iability means that within a single day a subject’s mean vote was mostly equal to their actual vote

of that day. If their average vote of the day was “neutral” the actual vote “neutral” frequented too.

The regression 0Tt: 8Ti from both Japanese and non-Japanese votes demonstrated that when there
was low to no variability in the temperature, there was low to no variability in the sensation vote

too. The relation was positive in both cases; however, it was much stronger for the Japanese data
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(Figure 38). That is, when the variability in temperature increases (bigger fluctuations from the
mean), the sensation vote variability is expected to also increase and, Japanese vote changes

quicker than the non-Japanese. The linear regression equations are:

Eq. 18 Room-wise day-wise linear regression model for Japanese subjects (winter)

1 (Tt = Ttm) = 0.506 3p(Ti-Tim) - 0.0, (N = 128; p < 0.001; R>=0.32; S.E.=0.92; F stat. = 58.2)
Eq. 19 Room-wise day-wise linear regression model for non - Japanese subjects (winter)

il (Tf— Ttm) = 0.181 ma (Ti-Tim) — 0.0, (N = 172; p < 0.001; R?>=0.22; S.E.=0.79; F stat. = 49.0)

From the linear regression 0Tr: 8Ti the corrected value of the regression gradient was derived. It
was 0.51/ K for Japanese and 0.18/ K for international vote. It needs further adjustment as this
value does not account for the possibility of measurement errors. The adjusted coefficient is cal-

culated using the Eq. 8 (see Chapter II, sub-section 2.4.3, page 39).
2.4.4. Griffiths’ Method for Calculating Winter Comfortable Temperature

Griffiths method estimates a temperature that is assumed comfortable based on the actual vote of
neutral sensation and a regression coefficient. It is calculated using Eq. 9 (see Chapter II, sub-

section 2.4.4, page 41)

Table 21 Descriptive statistics of comfort temperature calculated by Griffiths’ method using different regression coefficients. Stage

2 (winter)

Calculated comfort temperature T (°C)
Regression coefficient (/K) N Min Q1 Median Q3 Max Mean SD
0.55 (see Section 2.4.3) 11.6 17.0 19.3 22.1 27.9 19.5 3.7
0.50 11.8 16.9 19.3 22.1 28.1 19.6 3.8
= 0.33 128 10.9 16.3 18.9 233 31.0 19.9 4.8
0.25 9.0 15.5 19.2 24.7 33.9 20.2 6.0
0.50 11.2 17.8 20.0 23.5 35.1 20.7 4.5
. 0.33 9.6 17.3 20.7 23.9 36.2 21.0 4.9
E 0.25 172 7.6 16.9 20.9 25.4 37.1 21.2 5.6
0.20 (see Section 2.4.3) 5.6 16.4 21.1 26.2 38.6 21.5 6.7

Note: Q1: First quartile marks 25% of the data points; Median: Marks 50% of the data points; Q3: Marks 75% of the data points;
(Q3-Q1): Marks the interquartile range — Central 50% of the data points; Mean: Arithmetic average; SD: Standard deviation.

Griffiths’ coefficient accounts for the sensitivity to indoor temperature change and the value used
predominantly is a=0.5 [20], [30]. However, previous research explores ¢Tc at two more values:

a=0.25, and a=0.33 [51], [74], as well as the value of the adjusted coefficient bagj. derived from
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room-wise day-survey analysis if conducted [30]. In the current study, ¢Tc was estimated using

four values for the Griffiths’ coefficient and the results are presented above.

Table 22 Descriptive statistics of the actual temperature at TC +1, +2 and +3 (Comfortable side of the scale) in winter

Observed comfort temperature T (°C)

N Min Q1 Median Q3 Max Mean SD
JP TC votes “comfortable” 84 9.8 17.3 20.4 22.5 26.1 19.7 3.7
Intl TC votes “comfortable” 123 11.2 17.5 20.5 24.5 33.7 21.3 52

Note: Q1: First quartile marks 25% of the data points; Median: Marks 50% of the data points; Q3: Marks 75% of the data points;
(Q3-Q1): Marks the interquartile range — Central 50% of the data points; Mean: Arithmetic average; SD: Standard deviation.
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Figure 39 Comparing mean temperatures in each survey month a) Japanese data; b) International data
Note: There was only Japanese data for February (and only two days), that is why the February data was added to January data and
analysed together.

The current field survey directly asked about the comfort. It made it possible to compare the cal-
culated ¢Tc (Table 21) and the observed votedTc (Table 22). For the Japanese data, there was no

significant difference in means and in variance of the calculated comfort temperature at 0.55/K
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and its voted counterpart. At 0.55/K 80% of the ip GTc fall within 15°C and 25°C. As for the inter-
national data, the calculated comfort temperature at 0.20/K showed no significant difference in
means, but a significant difference in variance. At 0.20/K 80% of the mu GTc fall within 14°C and
30°C, while the actual voted 80% of the mtl votedTc fall within 15°C and 29°C (narrower range by
2°C).

Graphing the calculated and the voted mean comfort temperature for each survey month (Figure
39) relative to nationality visually displayed the above — the non-Japanese voted comfort temper-
ature was close and kept the same relation to the calculated value - the voted comfortable temper-
ature remained at about half degree higher. The Japanese voted comfort temperature changed the
relation to its calculated counterpart — its mean value was higher than the calculated comfort in

December and lower in January (Figure 39).

To compare with the existing research and, to investigate whether the Griffiths model holds sta-
tistical significance with respect to our dataset, the analysis was continued. The ¢T. at 0.5/K was
used for the Japanese data and GTc at 0.25/K for the international data. Frequency distributions of
calculated comfort temperature demonstrated a significant shift in mean by 1.6°C to the right in
the non-Japanese data (t (295) =-3.0, p < 0.05). The range of comfort temperatures for non-Japa-
nese students was also significantly wider (F (127,171) = 0.455, p <0.001) with 80% of the ¢T.
within 15-26°C and 15-28°C range for Japanese and non-Japanese respectively (Figure 40).

The calculated comfort temperature in our survey was significantly correlated to the indoor air
temperature, however the relation was much stronger in the Japanese data (Figure 41, Figure 42,
Table 23). One of the fundamental assumptions of the adaptive model is that the comfort indoor
temperature would be in relation with the seasonal outdoor temperature provided that the outdoor
conditions are not unpleasantly hot or unpleasantly cold [p.60, [20]]. For both Japanese and non-
Japanese data, there was significant correlation between the calculated comfort temperature and
the running mean outdoor temperature (Figure 41, Figure 43, Table 23). However, while caic 1p 6 Te¢
varied in sympathy with the Tim, the correlation caic mi1 GTc: Trm was inverse. Other researchers [20]
have noted similar effect and have attributed it to unpleasantly cold outdoor conditions in which
case the subjects tend to use mechanical means to assure comfort. The percentage of non-Japanese
subjects using heating in winter did indeed differ from Japanese (64% to 53% respectively) and,
the TSV when using or not air-conditioning was indeed dependent on nationality
( x*(5, N =300) = 43.34, p < 0.001). Further analysis about how using or not using air-condition-

ing affects the comfort temperature in winter in dormitories will be the focus of a following paper.
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Figure 40 Griffiths comfort temperature. Frequency percentage distribution: a) Japanese calculated comfort temperature; b) Inter-

national calculated comfort temperature

Eq. 20 Linear regression model 1 gTc: T (winter)
»GTe=0.610 Ti+ 8.0, (N = 128; p < 0.001; R?=0.40; S.E.=2.97; F statistic = 82.9)

Eq. 21 Linear regression model maTc: Ti (winter)

miGTe=0.418 Ti + 12.8, (N=172; p <0.001; R2 =0.14; S.E.=5.24; F statistic = 28.1)
Eq. 22 Linear regression model jp 6 Tc: To (winter)

1 GTe =-0.062 To + 19.8, (N = 128; p > 0.05 - fail; R>=0.00; S.E.=3.81; F statistic = 0.4)
Eq. 23 Linear regression model 1p GTc: Tm (winter)

#»GTe=1.275 Trm + 14.3, (N = 128; p < 0.001; R?>=0.17; S.E.=3.48; F statistic = 26.2)
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Eq. 24 Linear regression model ma cTc: To (winter)
mitGTe = 0.013 To +21.2, (N = 172; p > 0.05 - fail; R?= 0.00; S.E.=5.66; F statistic = 0.0)
Eq. 25 Linear regression model mi Tc: Tim (Winter)

it GTe = -0.650 Trm + 24.3, (N = 172; p < 0.05; R?=0.03; S.E.=5.56; F statistic = 5.86)
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Figure 41 Griffiths comfort temperature at 0.5/K — Japanese data (winter) a) jp Tc: Ti; b) 1pGTe: Tim
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Figure 42 Griffiths comfort temperature at 0.25/K — International data (winter): miGTe: Ti
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Figure 43 Griffiths comfort temperature at 0.25/K — International data (winter): it GTe: Trm

2.5. Winter Results. Comparison with Related Standards

A number of international standards regulate the indoor environment [19]. They have established
thermal comfort models to predict the indoor comfort temperature based on the mean/ running
mean outdoor temperature. The comfort temperature derived for Japanese and international stu-
dents was correlated to running mean outdoor air temperature as calculated in subsection 2.4.4 of
the current chapter as well as to mean daily outdoor temperature. This calculation is needed in

order to compare the results to EN 16978-1 [78] and ASHRAE [26] respectively.

The calculated comfort temperature in winter had no significant correlation to the outdoor daily
mean temperature irrespective of nationality. However, the neutral and comfortable temperatures
estimated in the current study fall within the range of 20-24 C as recommended for winter by

ASHRAE [26].

Japanese and non-Japanese comfort temperature had significant correlation (p < 0.001 and p<0.05
respectively) to the outdoor daily running mean temperature. However, it was positive for the
Japanese and negative for the non-Japanese data. In addition, the Japanese sensitivity to Tim is
almost two times higher than the non-Japanese sensitivity (Figure 41, Table 23). Comparing to EN
16978-1, it was observed that sizeable amount of data points are within the range of group III —
“an acceptable, moderate level of expectation and may be used for existing buildings” [78] but,
sizable amount is outside as well. For new buildings and renovations, level II should be targeted
and while the regression lines mainly remain within these limits, a bulk of datapoints are above
and below. Furthermore, the model from the current study demonstrated much higher sensitivity
for both Japanese and non-Japanese subjects than the standard suggests and, for the non-Japanese

the correlation is even reversed as compared to the standard.
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Figure 44 Comparison of calculated winter comfort temperature with the standard EN 16978-1
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Figure 45 Comparison of calculated winter comfort temperature with the recommendation in ASHRAE

Table 23 Correlation coefficients

All data points (N=300) Japanese (N=128) International (N=172)

r a B R? p r a B R? p r a B R p

¢Tc: Trm 0.00 0.009 20.6 0.000 0.969 0.41 1.275 143 0.172 <0.001 -0.18 -0.650 24.3 0.033 <0.05

GTc: Tea 0.00 -0.002 20.6 0.000 0.987 -0.07 -0.111 20.0 0.005 0.448 -0.04 -0.079 21.6 0.002 0.609

NOTE: N: Number of observations; r: Coefficient of correlation (Pierson’s r); a: Slope of regression line; f: Intercept of regression
line; R%: Regression coefficient of determination; p: Confidence interval; T,e: Outdoor daily mean temperature (°C); Ty,: Outdoor
daily running mean temperature (°C); ¢Tc: Comfort temperature as calculated using the Griffiths’ method (°C)

The winter energy conservation measures in Japan, issued by METI (Ministry of Economy, Trade
and Industry) recommend indoor temperature in winter no higher than 20°C (blue dotted line in

(Figure 44, Figure 45) in order to limit the energy consumption and thus address the issues of
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energy dependency of the country [79]. The same is the winter threshold suggested for residential
buildings in EN 16978-1 too, however there it is the recommended minimum — temperature should
be no less than 20°C in winter [78]. The threshold line cuts through the middle of the dataset of
comfort temperatures estimated by the current study and it makes it difficult to suggest which
recommendation is more suitable for the targeted study group. In their field survey Indraganti et

al. [44] already questioned the rational basis for the METI requirements.
2.6. Winter Results. Comparison with existing research

From the data collected during the winter stage of the current survey, it was observed that the
thermal acceptability was over 85% irrespective of nationality. The winter comfort temperature
for both Japanese and non-Japanese subjects was higher than 22°C as derived from linear regres-
sion (see subsection 2.3) and, the Griffith’s model estimated a comfort temperature of 20°C for
Japanese and 22°C for non-Japanese students (see subsection 2.4.4). The comfort temperature for
non-Japanese subjects is at a 2°C wider range and at a 2°C higher average than the comfort tem-
perature for the Japanese subjects. As for the sensitivity to indoor changes — Japanese subjects
were two times more sensitive and, for either Japanese or non-Japanese the comfort temperature
increased with the increase of the indoor temperature. However, the changing outdoor conditions
affected comfort temperature differently — for the Japanese the correlation was again positive, but
for the non-Japanese it was reversed. With the increase of the running mean outdoor temperature,
the indoor comfort temperature for Japanese students increased too but, decreased for the non-

Japanese.

At the dawn of adaptive research, Humphreys [p.60 [20]] and Goromosov [80] attributed such a
reverse relation to unpleasantly hot or cold conditions when people tend to use cooling or heating
respectively. Applying that logic, it appears that in winter non-Japanese students in dormitories
tend to use heating more. It was assumed at the beginning of the current study that the absence of
economic restraint might reveal the genuine comfort temperature, however Humphreys assumes
it might as well lead to the complete opposite results - to conceal it — “people might run buildings
warmer or cooler than normal” if money is not an issue and “become adapted to different temper-
atures”’[20]. There might be a liable possibility that the observed wider comfort temperature range
in non-Japanese vote is because non-Japanese students feel less financially restrained as the period
of dormitory stay is partially financially supported. On the other hand, it is possible that well-
known Japanese thrifty mentality is affecting the results of the survey. In any case, subjective
financial evaluation is a factor worth exploring further as in such young individuals it displays an

attitude that will affect their energy consumption for a long period ahead.
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Table 24 Comparison with existing research in winter

Buildi T T t °C) in Mod
Area Reference uilding Season emperature emperature (°C) in Mode
type (variable) °C FR CL HT ns
Japan This study . . Neutral temp.
t t 21; ma22
(Tokai) (2.4.2) dormitory ~ winter ™) 9215 o
Japan This study . . Comfort temp.
20; ma22
(Tokai) (2.4.4) dormitory winter (T) 1p20;
fort t .
(g:?i:l) [51] residential 4 seasons Com (OTi) cmp w22.7 271 »18.9
fort t .
(?apniz) [52] residential 4 seasons Com (OTi) cmp wp24.1 127.0 1p20.2
1 .
(JKaapniI;) [47] office 4 seasons Neutl(rflrg;emp p25.1 125.0 125.6
f . 01 Ax]. s
Japan [47] office 4 seasons Comfort temp. p25.0+1. ;p25.4+1. ;p24.3+1
(Kanto) (Ty) 7 5 6
Japan Neutral temp. p24.8;
48 ffi 4
(Kanto) [48] office seasons (Top) 027
Japan [49] office 4 seasons CE)SHIIEf;)i; t 126
Japan winter,
temporary . Neutral temp. p22.8-
(Fl.lkll [81] houses spring, sum- (T) 248 wp13-17
shima) mer
China . autumn, win- Neutral temp. n120.9-
(Harbin) (53] domitory " pring (T) 22,6
China . . Neutral temp.
(Beijing) [54] dormitory winter (T) mt23

Note: Tg: Globe temperature (°C); Ti: Indoor air temperature (°C); SET*: Standard Effective Temperature (°C); FR: Free-running
mode — without the use of mechanical heating/ cooling; CL: Cooling mode — mechanical cooling was used; HT: Heating mode —
mechanical cooling was used; ns: The heating/ cooling mode was not specified.

In the year-long study in Japanese offices, Rijal et al. [47] also observed high rate of thermal
acceptability of the indoor environment, however the winter comfort temperature was 24.3 (4.3°C
higher than the recommended 20°C by METI [79] and 2.3-4.3°C higher than the current study).
Nakano et al. [48] and Goto et al. [49] also observed high neutral and comfort temperatures in
Japanese offices. The Japanese sensitivity in the survey of Rijal et al. [47] yielded from the day-
wise datasets was lower than the sensitivity observed in the current study (0.45/K and 0.55/K re-
spectively) probably because of the differences in the data division (HT mode vs. non-specified

mode).

The results of the current study coincided with the results of Ning et al. [53] from their 3-season-
long dormitory study that covered the entire winter heating period in Harbin, China. They also
observed neutral temperatures within 21-23°C range as well as clothing adjustment as the main
adaptive behavior. However, in the temporary houses in Fukushima, North Japan investigated by
Shinohara et al. [81], Japanese neutral thermal sensation in winter was at notably lower tempera-

tures (13-17°C). This shift from higher observed values, through equal ones and eventually lower,
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may be attributed to the economic and psychological factors. As for the office environment in
Kanto, the subjects are not the direct responsible party for the consumption payments, in Harbin
they are, and in Fukushima after the earthquake the occupants must have been under major finan-

cial stress and trying to limit their expenses to their minimum.

3. Conclusions for Winter Neutrality and Comfort

A field survey about environmental comfort in typical university dormitory buildings in Japan was
conducted during the winter of 2017-2018. The aim of the study was 1) to snapshot the subjective
thermal comfort of the Japanese and non-Japanese students relative to temperature, humidity and
other factors, 2) to understand the difference, if any, between the temperature defined as neutral

or comfortable and 3) to get an insight how tolerant are the students to their indoor environment.

Subjective votes were collected using traditional paper questionnaire. Simultaneously, measure-
ments of physical parameters of the indoor and outdoor environment were conducted and the two
data-sets were linked. The correlation of the subjective neutrality and comfort were investigated
in relation to nationality; as well as the effect of thermal sensation to occupants’ preference and

tolerance to their indoor environment.

The study revealed that the voted subjective neutrality is strongly disconnected from the outdoor
climate for both observed groups. There still could be observed a mild downward trend in the
averaged TSV and TC at outdoor temperatures below zero, reversing upward again at about 4-5°C
outdoors. In the lowest area, bigger percentage of non-Japanese students were using air condition-

ing for heating.

For both Japanese and non-Japanese students, thermal responses were strongly correlated to one
another, where feeling warmer resulted in increase of subjective comfort, and decrease in the desire

to warm up the indoor environment. Voted thermal acceptability was invariably above 85%.

During winter, the recorder indoor humidity was very low, however it did not affect the thermal
sensation vote. For both Japanese and non-Japanese students, thermal sensation was significantly

determined only by the indoor temperature. The effects of clothing and activity were also negligi-

ble.

The neutral indoor temperature could be estimated as 21°C for Japanese students and as 22°C for
non-Japanese (by linear regression analysis). However, the highest probability of voting neutral
for Japanese students was only 65% and it was estimated within 19~22°C indoor temperature. For

non-Japanese students it’s 75% within 19~24°C indoors.
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Japanese students were notably more sensitive to their indoor environment as compared to non-
Japanese ones (sensitivity of 0.55/ K and 0.20/ K respectively) and, the comfort temperature for
Japanese subjects could be estimated as 20°C and as 22°C for non-Japanese. The calculated indoor
comfort for both groups was correlated to the changing outdoor climate (Tm) that could have been
reassuring about estimating indoor comfort based on outdoor climate. However, there was signif-

icant difference in the comfort we calculated and, the comfort voted by the participating subjects.

For both Japanese and non-Japanese students, the yielded predicting models from the survey de-
viated from the models in the current international standards. In addition, the voted and the esti-
mated neutrality and comfort in the study were mostly above the recommended maximum winter
indoor temperature in Japan. As the recommendation is set considering the energy conservation,
it is reasonable to further investigate how to make it possible to lower down the subjective neutral

and comfort temperatures without compromising personal comfort.
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CHAPTER 1V

Effect of Air Conditioning on Comfort in Summer/ Winter

Together, the collected data from both stages of the survey covered the two opposing climatic
conditions that dormitory students experience in Japan — the cold dry winter and the hot humid
summer. Investigating about the effect of air conditioning in these two periods of the year aimed
to 1) to discover when the subjective thermal comfort was achieved relative to the season and the
use of air conditioning and, 2) to understand the magnitude of the difference, if any, between the
temperature defined as neutral or comfortable and) to get an insight of students’ tolerance their

indoor environment.

1. Methodology
1.1. Location and Climate

During summer, the mean monthly outside temperature in Toyohashi reached its maximum in
August (Tavg=28.1°C; Tmin=25.0°C; Tmax= 32.2°C) and the relative humidity outdoors was above
70-75%. In winter, the mean monthly outside temperature reached its minimum in January (Tavg=

5.5°C; Tmin=1.7°C; Tmax=9.7°C) and the mean relative humidity was around 50-55%.
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Figure 46 Toyohashi. Japan. a) Location; b) Climate. **Data from JMA WMO ID: 47654 — min, max and mean air temperature

and relative humidity for summer/winter season 2017 - 2018

1.2. Measuring Period

The summer stage of the field survey was conducted from June 26 to September 29, 2017 and the
winter stage was from December 5, 2017 to February 2, 2018. We targeted the periods with highest
and lowest temperature-relative humidity combination (Figure 46). The survey was conducted in
three weeks in summer and three weeks in winter. The weeks were not sequential to better adjust
to the academic calendar and students’ lifestyle. Within each week, the measurements were taken

during the normal working days, from Monday to Friday (sub-section 1.4).

1.3. Dormitory Buildings. Sample Selection. Field Survey
The information about dormitory buildings, the sample selection and the settings of the survey in
summer and winter stages are described in Chapter II (on page 18) and Chapter III (on page 52)
respectively. The analysis of the collected data followed the previously established sequence. The

number of valid votes from summer stage were 420 and, from winter stage — 300. (Table 25).

Table 25 Description of the survey in summer and winter stage.

Measured Number Number of subjects Number
Survey . .
variables of rooms Male Female Total of valid votes
Summer Ti, RH; 18 12 6 18 420
Winter T;, RH; 19 14 5 19 300
Total - 37 26 11 37 720
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2. Results and Discussion

2.1. Participants
In the summer and winter stage combined, a total number of 37 healthy, Japanese and International
students from 19 to 31 years of age volunteered to participate (males: Median = 24, SD = 4; fe-
males: Median = 21, SD = 1). The participants’ body mass index (BMI) was in the normal zone
(Median =22.5, SD = 2.8). The distribution of votes relative to sex, age, BMI, nationality and race

is presented in Figure 47.
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Figure 47 Percentage distribution (in %) of the votes relative to age, sex, BMI, nationality and race. Where: ML (Malaysian); V
(Vietnamese); IND (Indonesian); AF (Afghani); B (Bangladeshi); G (German); H (Hungarian); R (Russian); MX (Mexican); BR
(Brazilian). NOTE: Population sample: N=720 valid votes

2.2. Indoor and Outdoor Environment During the Voting

In summer indoor temperature varied less than the outdoor temperature and on average indoors
was ~27°C irrespective of the use of air conditioning (Table 26). In winter, it was the opposite —
indoor temperature varied more than the outdoors, especially at heating mode. On average in win-
ter, indoors was 17°C in FR mode and 22°C in HT mode. Relative humidity in summer was high
with an average of 68% and 72% in CL and FR mode respectively (Figure 48 and Appendix F).
The winter values were about 20% lower at 42% and 53% in HT and FR mode respectively. Ac-
tivity indoors appears the same in all seasons and modes, while the average clothing doubled in
winter season (0.32-0.33clo in summer to 0.61-0.65clo in winter). In summer and winter, Tn was
significantly correlated to the outdoor temperature irrespective of what representation of outdoor
temperature is used (To, Tod or Trm) (Figure 49, Table 27). When analyzing the combined summer

and winter data, this correlation was even stronger.
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Table 26 Descriptive statistics of the collected data at times of vote

All data points FR mode CL / HT mode
min max mean StD min max mean StD min max mean StD
Ti 9.8 33.7 239 5.0 9.8 31.6 240 5.5 132 337 239 4.2
g To -29 379 173 11,6 -19 379 193 108 -29 369 146 121
gn % Tod -03  30.1 17.0 10.7 -03  30.1 18.8 9.8 -03  30.1 147 114
g 8 Trm 1.2 223 137 8.0 1.5 223 149 7.5 1.2 223 121 8.3
= Zﬁ RHi 21 98 61 16 26 98 66 13 21 81 54 17
E E RHo 25 100 74 17 32 100 74 17 25 100 74 18
§ é AHi 0.003 0.022 0.012 0.005 0.003 0.022 0.013 0.005 0.004 0.020 0.011 0.005
g E AHo 0.001 0.023 0.016 0.007 0.002 0.023 0.013 0.007 0.001 0.023 0.010 0.008
E TIT' el 019 211 045 022 019 211 043 022 019 139 048 0.21
E M 1.0 2.7 1.3 0.4 1.0 2.7 1.3 0.4 1.0 2.7 1.3 0.4
~ BMI 193 336 222 2.7 19.3 336 221 2.2 193 33,6 223 32
Ti 186 31.6 27.0 2.0 198 316 273 1.9 186 302 265 2.2
& To 183 379 267 3.6 183 379 264 3.7 196 369 269 34
% Tod 20.7 30.1 258 2.4 20.7  30.1 255 24 22,1 30.1  26.6 23
g C; Trm 17.6 223 258 2.4 17.6 223  20.0 1.8 177 223 208 1.6
% ﬁ RHi 40 89 71 8 41 89 72 8 40 81 68 8
;E'; ;ll RHo 36 100 80 15 36 100 79 15 45 100 81 13
g E AHi 0.007 0.022 0.016 0.003 0.008 0.022 0.017 0.002 0.007 0.020 0.015 0.003
«x ;?: AHo 0.007 0.023 0.017 0.002 0.007 0.023 0.017 0.003 0.012 0.023 0.018 0.002
Tr:' Iel 019 064 033 007 019 057 032 008 019 064 033 0.06
% M 1.0 2.7 1.3 0.4 1.0 2.7 1.3 0.4 1.0 2.7 1.3 0.4
BMI 193 33.6 224 3.2 193 336 223 2.5 193 336 227 4.1
Ti 9.8 33.7  19.6 4.7 9.8 268 172 3.9 132 337 216 43
o To 29 148 4.2 3.7 -1.9 14.8 4.8 3.5 29 147 3.7 3.8
f Tod -0.3 10.8 4.7 2.6 -0.3 10.8 53 2.5 -0.3 10.8 43 2.7
. E Trm 1.2 7.9 4.4 1.5 1.5 7.9 44 1.5 1.2 7.9 4.5 1.5
%" w RHi 21 98 47 14 26 98 53 13 21 78 42 12
E i RHo 25 100 66 18 32 100 66 17 25 100 67 18
= ; AHi 0.003 0.011 0.007 0.002 0.003 0.011 0.007 0.002 0.004 0.011 0.007 0.001
5 'g“ AHo 0.001 0.009 0.003 0.001 0.002 0.009 0.004 0.001 0.001 0.009 0.003 0.001
E Iel 036 211 063 023 036 211 065 026 036 139 061 021
% M 1.0 2.7 1.3 0.4 1.0 2.7 1.4 0.5 1.0 2.7 1.3 0.4
BMI 194 278 219 1.7 194 247 218 1.5 194 278 219 1.9

NOTE: FR mode: Free running mode — without air conditioning; CL mode: Cooling mode — air conditioning for cooling; HT mode:

Heating mode — air conditioning for heating; Ti: Indoor temperature (°C); To: Outdoor daily mean temperature (°C); Tod: Outdoor

daily mean temperature (°C); Tim: Outdoor daily running mean temperature (°C); RHi: Indoor relative humidity (%); RHo: Outdoor

relative humidity (%); AHi: Indoor absolute humidity (kg/kgpa); AHo: Outdoor absolute humidity (kg/kgpa); Lei: clothing insulation
(clo) where 1 clo = 0.155 m*K/W; M: activity level (met) where 1 met = 58.2 W/m?; BMIL: Body mass index (kg/m?). ** The

observed values of air velocity were outside of the measurement range, that is why they were all set to 0.1m/s
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Table 27 Correlation coefficients

All data points FR mode CL / HT mode

r a B R p r a B R p r a B R p

To: Tow  0.73 0.298 19.0 0.528 <001 0.87 0.430 15.8 0.762 <001 0.59 0.204 21.1 0.348 <.001

Tn:Toa  0.73 0.324 18.6 0.540 <001 0.88 0.470 15.2 0.773 <001 0.60 0.223 20.8 0.365 <.001

=
% T Tm 0.75 0.443 18.1 0.568 <.001 0.88 0.606 15.1 0.783 <.001 0.61 0.310 20.3 0.380 <.001
§ RH.: RH, 0.40 0.387 32.8 0.160 <.001 0.45 0.359 39.9 0.199 <.001 0.40 0.401 25.2 0.162 <.001
AH,: AH, 0.91 0.660 0.005 0.824 <.001 0.92 0.718 0.004 0.853 <.001 090 0.575 0.005 0.805 <.001
To: Tow  0.54 0.303 19.0 0.294 <001 0.62 0.356 17.8 0.388 <.001 0.40 0.213 21.0 0.160 <.001
Ta:Toa 059 0.460 15.1 0.353 <001 0.70 0.563 12.9 0.496 <001 0.46 0.351 17.4 0.209 <.001
g To: T 0.63 0.656 13.7 0.394 <.001 0.71 0.764 11.9 0.508 <.001 0.55 0.576 14.8 0.304 <.001
Z RH.: RH, 0.34 0.195 554 0.113 <.001 0.50 0.271 50.7 0.250 <.001 0.04 0.027 66.8 0.002 0.681
AH,: AH, 0.36 0.378 0.010 0.131 <.001 0.60 0.588 0.007 0.363 <.001 0.00 -0.001 0.016 0.000 0.994
Tu: Tow -0.04 -0.040 20.3 0.001 0.619 0.24 0.230 16.6 0.058 <0.05 -0.08 -0.081 22.0 0.006 0.428
Ta: Toa  -0.07 -0.106 20.6 0.005 0.351 0.16 0.226 16.6 0.027 0.150 -0.06 -0.097 22.1 0.004 0.501
% To: Tim 0.07 0.189 19.2 0.004 0.370 0.24 0.566 15.4 0.056 <0.05 -0.05 -0.141 22.3 0.003 0.598
=

RH.: RH, 0.13 0.106 40.1 0.016 0.082 0.05 0.046 51.0 0.003 0.441 0.26 0.175 30.5 0.066 <0.05

AH,: AH, 0.51 0.562 0.005 0.261 <.001 0.50 0.618 0.005 0.254 <.001 0.52 0.527 0.005 0.270 <.001

NOTE: FR mode: Free running mode — when air conditioning was not used; CL mode: Cooling mode — air conditioning was used
for cooling; HT mode: Heating mode — air conditioning was used for heating; r: Coefficient of correlation (Pierson’s r); a: Slope
of regression line; B: Intercept of regression line; R?: Regression coefficient of determination; p: Confidence interval; Ta: Neutral
indoor temperature (°C); Tout: Outdoor temperature (°C); Toda: Outdoor daily mean temperature (°C); Trm: Outdoor daily running
mean temperature (°C); RHn: Neutral indoor relative humidity (%); RHo: Outdoor relative humidity (%); AHa: Neutral indoor
absolute humidity (kg/kgpa); AHo: Outdoor absolute humidity (kg/kgpa) ** N: Number of observations at TSV (-1,0,+1); Summer
and Winter Stage (aNai=491; 1Nrr=278; nNcumut=213) — for separated graphs — see Appendix F; Summer Stage (xNan=302;
a1NFrR=200; nNcL=102); Winter Stage (aNai=189; nNrr=78; nNur=111)

Adaptive model assumes that when no mechanical means are used, indoor environment is strongly
related to the outdoors. In that respect, invariably, we observed that the correlation between indoor
and outdoor temperature at FR mode was stronger as compared to the correlation when mechanical
cooling/heating was used. As result from the dehumidifying function of the air conditioners in-
stalled in the surveyed rooms, when air conditioning was used for cooling in summer, there was

no correlation between indoor and outdoor relative or absolute humidity. In winter however, in-

door absolute humidity remained significantly correlated to outdoors irrespective of the operation
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mode. Regretfully, the measured air speed was very low suggesting still air (Section 1.4) and it
became impossible to investigate the effect of air speed on the neutral temperature. It is not un-

common to observe still air. Other researchers also reported still air indoors (the case of Qatar

offices investigated by Indraganti and Bousaa [45]).
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Figure 48 Frequency percentage distribution of indoor parameters in summer and winter at TSV (-1, 0, +1): a) T;; b) RH;; ¢) AH;i
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Figure 49 Correlation between indoor air temperature at TSV (-1, 0, +1) and outdoor temperature: a) Tn: To; b) Tn: Tod; ¢) Tn: Tim

91



...... Reg. line FR mode
= = Reg. line CL/HT mode
— Reg. line all data

100

a)

10 @ OFR mode
O CL/HT mode R? Linear = 0.16

Indoor relative humidity (%)

20 30 40 S50 60 70 8 90 100 Legend
Outdoor relative humidity (%)

0.024 =ew=es Reg. line FR mode OFR mode
0022 = = Reg.line CL/HT mode o CL/HT mode
~3 0020 |== Reg. line all data

50 b)

AHn =0.66 AHo + 0.005
R? Linear = 0.824

0.000
0.000 0.003 0.006 0.009 0.012 0.015 0.018 0.021 Legend

Outdoor absolute humidity (kg/kgpa)

Figure 50 Correlation between indoor humidity at TSV (-1, 0, +1) and outdoor humidity: a) RHa: RHo; b) AHn: AH,

2.3. Thermal Sensation, Comfort, Preference and Acceptability

Summer and winter percentage distribution of thermal responses was surprisingly similar. Irre-
spective of the season, about 60% of the TSV votes were within the extended neutral area of the
scale; more than 70% of TC votes were “comfortable”; almost half of the preference votes stated
“no need to change” the environment and, acceptability level was invariably high at 90% and
above. The most noticeable differences were at the opposite ends of the scales. For instance, on
the TSV scale there were no votes at point 3 (hot) in winter and, only 1% of the votes were at point
-3 (cold) in summer while in winter this percentage “cold” is 13%. The “preference” responses in
summer were almost equally split between “prefer no change” and “prefer cooler”, while in winter,

identical division was between “prefer no change” and “prefer warmer”. (Table 28)

When dividing the data into with or without the use of air conditioning, it can be observed that in
summer the extended neutral TSV is above 70% in both cases (70% in AC and 73% in no AC);

the percentage of votes on the “comfortable” scale are about 10% more in AC than in no AC (81%

92



and 73% respectively); the votes “prefer no change” in AC are almost 60% as compared to 45%

in no AC; however, the acceptability rate is invariably high (more than 90% in both cases).

Table 28 Percentage of thermal responses for each scale in summer and winter

° Thermal sensation Thermal comfort Thermal preference Thermal acceptability
g (TSV) % (TC) % (TP) % (TA)%
All S W All S W Al S W Al S W
3 Hot 4 7 Very comf. 3 3 3
2 Warm 14 13 15 Comfortable 40 40 40
1 SL warm 25 27 21 Slightly comf. 30 33 26 Warmer 23 6 48 Unaccept. 7 5 10
0 Neutral 23 26 20 Asitis 50 49 50 Acceptable 93 95 90
-1 Slightly cool 20 19 22 Slightly uncomf. 19 18 22  Cooler 27 45 2
-2 Cool 8 7 10 Uncomfortable 7 6 8
-3 Cold 6 1 13 Veryuncomf. 1 0 1
Sand W Sand W Sand W Sand W
AC no AC AC no AC AC no AC AC no AC
3 Hot 2 6 Very comf. 4 2
2 Warm 15 13 Comfortable 52 31
1 SL warm 27 23 Slightly comf. 24 35 Warmer 23 23 Unaccept. 6 8
0 Neutral 20 26 Asitis 59 42 Acceptable 94 92
-1 Slightly cool 22 19  Slightly uncomf. 16 22 Cooler 18 34
-2 Cool 10 6 Uncomfortable 4 9
-3 Cold 5 7 Very uncomf. 0 1
Summer Summer Summer Summer
AC no AC AC no AC AC no AC AC no AC
3 Hot 3 9 Very comf. 6 1
2 Warm 8 15  Comfortable 50 34
1 Sl. warm 22 30  Slightly comf. 25 38 Warmer 6 6 Unaccepta- 3 6
0 Neutral 21 28 Asitis 58 45 ble 97 94
-1 Slightly cool 27 15  Slightly uncomf. 16 19 Cooler 37 49  Acceptable
-2 Cool 14 3 Uncomfortable 3 8
-3 Cold 3 Very uncomf. 1 0
Winter Winter Winter Winter
AC no AC AC no AC AC no AC AC no AC
3 Hot Very comf. 2 4
2 Warm 20 8 Comfortable 53 24
1 Sl. warm 31 9 Slightly comf. 22 30 Warmer 38 59 Unaccepta- 8 13
0 Neutral 18 22 Asitis 61 38 ble 92 87
-1 Slightly cool 18 27  Slightly uncomf. 16 29 Cooler 1 3 Acceptable
-2 Cool 7 13 Uncomfortable 5 10
-3 Cold 6 21 Very uncomf. 3

Note: Number of votes: aiN=720, sN=420; wN=300; atNac=310; anNnoac=410; sNac=145; sNnoac=275; wNac=165; ANnoac=135)

**“AC”: Air conditioning used for heating or cooling; “no AC”: without use of air conditioning

In winter, the extended neutral TSV is lower than in summer (67% in AC and 58% in no AC) and,

the votes on the cold side of the scale noticeably increased; the percentage of votes on the “un-

comfortable” side of the scale have increased and, the ones on the “comfortable” side are this time

about 20% more in AC than in no AC (77% and 58% respectively); the votes “prefer no change”
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in AC have increased to above 60% as compared to the decreased counterpart in no AC (38%);

the acceptability rate in winter dropped but is still very high (92% in AC and 87% in no AC).

The outdoor temperature measurements for both seasons were grouped in 1°C bins. The percentage
of votes when using air conditioning (AC) and without the use of air conditioning (no AC) were
graphed and overlaid onto thermal responses. It is noticeable that bigger percentage of air condi-
tioning use is during winter at temperatures below and around zero. The distribution of subjective
thermal responses in both seasons are in Figure 51. The distribution of subjective thermal re-
sponses each season separately and separated by using or not using air conditioning are presented

in the appendices (from Appendix G to Appendix O).

Correlating the mean values of the thermal sensation votes weighed by their number and, within
each bin of the outdoor temperature showed there was significant linear correlation predominantly
in summer (Table 29). However, strong polynomial correlation of second order could be observed
for the subjective sensation and evaluation votes when analyzing summer and winter data together
(Figure 52 and Figure 53). Whenever significant, the correlation is linear for the preference and
acceptability (Figure 54, Figure 55 and Appendix P). In summer, all subjective responses and in
all modes of operation were significantly correlated to the outdoor temperature, while in winter
this was true only when not using air conditioning (Table 29). Thermal sensation was almost lin-
early related to outdoor temperature when not using air conditioning in both seasons — that is when
outside temperature increased the sensation vote changed towards the warm side of the scale (Fig-
ure 52). When using air conditioning, the non-linearity of the correlation became more prominent
— in winter, at outdoor temperatures below and around zero, the subjective sensation gradually
dropped to the colder side of the scale. At outdoor temperatures around 20°C and above, the sub-
jective sensation trend reversed to an upward one. The non-linearity in the correlation between
subjective evaluation (comfort vote) and the outdoor temperature is again very prominent. How-
ever, the curve is reversed as compared to thermal sensation (Figure 53). Below and around zero
outdoor temperatures, the subjective comfort improved with the increase of the temperature, but
at outdoor temperatures above 20°C with the rise of the temperatures, the comfort feeling deterio-
rated. The preference vote has practically linear negative correlation to outdoor temperature — with
the increase of the temperatures outdoors, people started to vote “prefer cooler” indoor environ-
ment. Even though the calculations proved the acceptability was significantly correlated to the
outdoor temperature, the correlation remained weak in all seasons and operation modes. We ob-
serve almost horizontal line at zero (“acceptable” vote) irrespective of the change in the outdoor

temperature (Figure 55).
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Figure 51 Frequency distributions of thermal responses in summer and winter relative to outdoor temperature; a) TSV:Tou; b)

TC:Tout; ¢) TP:Tout; d) TA:Tout; NOTE: The percentage of AC: no-AC was added in each 1°C temperature bin. Percentage of no-

AC (without the use of air conditioning) is presented in green; Percentage of AC (air conditioning used for heating or cooling) is

presented in red. All numerical values of the graph are in Appendix Table O-1 in the appendices.
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Table 29 Correlation between weighted mean thermal responses and outdoor temperature

Relation All data points Using air conditioning Not using air conditioning
to Tou TSVan TCan  TPan TAan TSVac TCac TPac TAac I'SVneac TCroac TProac TAnoac
r 071 0.08 -095 -036 -035 002 -085 -025 0091 029  -0.96 -0.29

£
"_é mie] <0.001 0.044 <0.001 <0.001<0.001 0.710 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
é ‘"‘Re;" 0.502 0.006 0.893  0.127 0.121 0.000 0.722 0.060 0.826 0.086 0.921  0.083
E ""'lyz“;’m‘ 0.707 0.406 0.812 0.123 0.408 0313 0.751 0.009 0.749 0304 0.809  0.191
r 073 -070 -0.84 053 086 -090 -0.82 035 074 -0.62 -0.82 034
. p. <0.001 <0.001 <0.001 <0.001<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
g '“‘l;;“ 0.534 0490 0.704 0.279 0.740 0.810 0.675 0.120 0.552 0384 0.671  0.116
""'Iy{“;’m‘ 0.744 0.504 0.562  0.223 0.859 0.927 0.845 0.128 0.627 0.432 0.590  0.180
r-002 030 003 -020 -036 -0.0l 0.3 0.3 056 059 -033 -0.36
o COI;L 0.778 <0.001 0.587  <0.05 <0.001 0.862 0.101 0.085 <0.001 <0.001 <0.05 <0.001
E 1“‘Re§r 0.000 0.093 0.001  0.039 0.131 0.000 0.017 0.018 0312 0348 0.107 0.126

""‘Iyz;’m‘ 0.445 0.549 0.109 0.168 0.270 0.286 0.036 0.100 0.331 0356 0.120  0.198

NOTE: Tou: Outdoor air temperature (°C); r: Coefficient of linear correlation (Pierson’s r); p: Confidence interval for linear corre-
lation; R%: Regression coefficient of determination for the linear / quadratic expression of the correlation; TSV: Mean thermal

sensation vote; TC: Mean thermal comfort vote; TP: Mean thermal preference vote; TA: Mean thermal acceptability vote
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Figure 52 Correlation between mean values of thermal sensation to outdoor temperature in summer and winter
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Figure 53 Correlation between mean values of thermal evaluation to outdoor temperature in summer and winter
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Figure 54 Correlation between mean values of thermal preference to outdoor temperature in summer and winter
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Figure 55 Correlation between mean values of thermal acceptability to outdoor temperature in summer and winter

Following the correlation to the outdoor temperatures, the thermal votes of both seasons were

distributed (Figure 56, Figure 57, Figure 58, Figure 59) and correlated to one another in bulk and
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relative to the use of air conditioning (Figure 60, Figure 61 and Table 30). The graphical represen-

tation in each season separately is in Appendix R.

In summer, thermal sensation had strong negative correlation with thermal comfort (r =-0.65, p <
0.001) and thermal preference (r =-0.68, p < 0.001). The hotter the subjects sensed their environ-
ment, the less comfortable they felt and, their preference inclined towards “prefer cooler”. In win-
ter, the correlation comfort: sensation (TC: TSV) reversed, however the correlation preference:
sensation (TP: TSV) kept the downward trend. In winter, the hotter the subjects sensed their envi-
ronment, the more comfortable they felt but, their preference still inclined towards “prefer cooler”
(Appendix R).

B TSV ac (M=0.03, SD=1.44)

30 5TSV no-ac (M=0.15, SD=1.53)

N
v

N
o

Frequency (%)
e &

wv

e

-3 -2 -1 0 1 2 3

Thermal sensation

Figure 56 Frequency distributions of TSV in summer and winter. ** Number of observations (:Nai=720; nNrr=410; nNcLmt=310)
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Figure 57 Frequency distributions of TC in summer and winter. ** Number of observations (aNai=720; nNrr=410; sNcLmr=310)
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Figure 58 Frequency distributions of TP in summer and winter. ** Number of observations (aNan=720; sNrr=410; nNcLm1=310)
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Figure 59 Frequency distributions of TA in summer and winter. ** Number of observations (nNai=720; nNrr=410; nNcLu1=310)

The correlation between comfort and preference was also strong, but positive in summer (r = 0.55,
p < 0.001) and negative in winter (r = -0.67, p < 0.001) which produced almost flat line when
analyzing the data together for both seasons (Figure 60, Figure 61; see Appendix R).

In summer, the more comfortable the subjects evaluated their indoor environment, the closer their
preference vote increased from “prefer cooler” to “no change”, while in winter, the more comfort-
able the subjects evaluated their indoor environment, the closer their preference vote decreased
from “prefer warmer” to “no change”. The correlation between TA and other thermal responses
was either weak or even insignificant. The subjects could accept diverse indoor conditions. The
correlation lines (or curves) were very close or overlapping irrespective of the season and the op-
erational mode which leads to believe that the relationship between subjective thermal responses
remains constant and unaffected by the air conditioning mode. It is important to note however that
the relationships comfort: sensation (TC: TSV) and preference: comfort (TP: TC) have opposite

trends relative to the season.
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Table 30 Correlation between thermal responses in summer and winter relative to air conditioning mode

All data points

Using air conditioning (HT/CL) Not using air conditioning (FR)

p

R? p

p

R? p

a P

R? p

TC: TSV 0.02 0.020 0.8

TP: TSV

TA: TSV

TP: TC

TA: TC

Summer and Winter

TA:TP

-0.62 -0.295

-0.17 -0.030

0.03 0.014

-0.46 -0.083

0.14 0.053

-0.0

0.1

-0.1

0.1

0.1

0.000 0.575
0.385 <.001
0.029 <.001
.001 0.458
0.209 <.001

0.021 <0.05

0.11 0.101

-0.50 -0.221

-0.23 -0.037

-0.08 -0.039

-0.54 -0.096

0.153 0.056

1.1

0.1

0.1

0.1

0.2

0.1

0.012 0.052

0.250 <.001
0.051 <.001
0.007 0.151
0.291 <.001

0.024 <0.05

-0.02

-0.70

-0.14

0.06

-0.41

0.15

-0.02 0.6
-0.342 -0.1
-0.025 0.1
0.030 -0.1
-0.078 0.1

0.055 0.1

.001 0.639
0.483 <.001
0.020 <0.05
0.003 0.242
0.167 <.001

0.022 <0.05

TC: TSV

TP: TSV

TA: TSV

TP: TC

Summer

TA: TC

TA:TP

-0.66 -0.660

-0.57 -0.248

0.25 0.040

0.55 0.238

-0.32 -0.051

-0.07 -0.025

1.1

-0.3

0.0

-0.6

0.1

0.0

0.438 <.001

0.323 <.001
0.062 <.001
0.297 <.001
0.101 <.001

0.005 0.158

-0.65 -0.600

-0.68 -0.273

0.35 0.045

0.55 0.239

-0.44 -0.061

-0.229-0.073

1.1

0.4

0.0

-0.6

0.1

0.0

0.427 <.001

0.457 <.001
0.119 <.001
0.297 <.001
0.189 <.001

0.052 <0.05

-0.65

-0.51

0.20

0.54

-0.27

0.00

-0.719
-0.247 -0.3
0.038 0.0
0.236 -0.6
-0.046 0.1

0.000 0.1

0.428 <.001

0.258 <.001
0.041 <0.05
0.287 <.001
0.072 <.001

0.000 0.994

TC: TSV

TP: TSV

TA: TSV

Winter

TP: TC

TA: TC

0.75 0.718

-0.71 -0.242

-0.50 -0.098

-0.60 -0.213

-0.59 -0.119

0.9

0.4

0.1

0.6

0.2

TA:TP 030 0.172 0.0

0.565 <.001

0.498 <.001
0.253 <.001
0.354 <.001
0.342 <.001

0.092 <.001

0.77 0.709

-0.69 -0.244

-0.59 -0.111

-0.67 -0.256

-0.61 -0.124

0.36 0.193

0.9

0.4

0.1

0.6

0.2

0.0

0.586 <.001

0.477 <.001
0.351 <.001
0.449 <.001
0.375 <.001

0.132 <.001

0.70

-0.71

-0.43

-0.49

-0.56

0.23

0.732 1.0
-0.259 0.329
-0.097 0.0
-0.172 0.6
-0.121 0.2

0.142 0.1

0.490 <.001

0.499 <.001
0.185 <.001
0.241 <.001
0.315 <.001

0.054 <0.05

NOTE: FR mode: Free running mode — when air conditioning was not used; CL mode: Cooling mode — air conditioning was used

for cooling; HT mode: Heating mode — air conditioning was used for heating; r: Coefficient of correlation (Pierson’s r); a: Slope

of regression line; B: Intercept of regression line; R?: Regression coefficient of determination; p: Confidence interval; TSV: Thermal

sensation vote; TC: Thermal comfort / evaluation vote; TP: Thermal preference vote; TA: Thermal acceptability vote; ** The cal-

culations in the table uses raw data — N: Number of observations; Summer and Winter Stage (nNai=720; nNrr=410; nNcLu1=310);

Summer Stage (nNai=420; nNrr=275; nNcrL=145); Winter Stage (nNan=300; nNrr=135; nNur=165)
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Figure 60 Correlations between thermal responses in summer and winter: a) TC: TSV; b) TP: TSV; ¢) TA: TSV ** N: Number of
observations (Nai=720; Nrr=410; NcLm1=310)
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Figure 61 Correlations between thermal responses in summer and winter: a) TP: TC; b) TA: TC; ¢) TA: TP ** N: Number of
observations (Na=720; Nrr=410; NcLur=310)

The TSV, TC, TP and TA votes together and for each season were divided by time of the day, use
of air-conditioning, dormitory building, sex and nationality and tested for dependency on each of
these factors through a chi-square test (full list of results in Appendix T) Depending on the use of
air-conditioning, there were three modes of operation: FR — free running mode (or no AC), when
the subjects did not report using air conditioning; CL — cooling mode and HT — heating mode. CL

and HT modes were observed only in summer and winter respectively. When analyzing the dataset
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for both seasons together, this mode is marked as AC (with the use of air conditioning for either
heating or cooling). Only the factor of air conditioning mode affected all three thermal responses
(TSV, TC and TP) in both seasons together and separately (Table 31). The percentage of the votes
“acceptable” was very high in all the conditions and seasons but, it was hardly ever dependent on
any one of them. Table 32 presents the results of the chi-square test for the thermal responses in

both seasons and separately depending on air-conditioning mode.

Table 31 Summary of Chi-square Results: Dependence of TSV, TC, TP and TA on Sub-Divisions

Time of Day Use of AC Dormitory Sex Nationality
(day/night) (AC/no. AC (GSD/Kaikan) (M/F) (JP/Intl)
TSV o o - x . o X 5 o X 5 x
TC o X , o ° X ° X o ° X ) X
TP o ° X ] . ) ) . )
TA o x T '

Note: o — Summer; ® — Winter x — Both seasons together

Table 32 Summary of Chi-square results: Dependence of TSV, TC and TP on air-conditioning modes in summer and winter

2

X Estimated by Regression*
Division n df %2 p 8T(°C)
critical (O
All AC:no AC 310:410 6 1259 19.11 <0.05 Thacon=234 Tracoxr=23.1 03
TSV Summer CL:no AC 145:275 6 1259 4733 <0.001 Toacon=27.1 Thacer=242 2.9
Winter HT:no AC 165: 135 11.07 4334 <0.001 Thiacon=19.5 Thacor=224 -2.9
All  AC:no AC 310:410 11.07 40.81 <0.001 Tcacon>20.4 Teacor>35.1 -14.7
TC Summer CL:no AC 145:275 11.07 2371 <0.001 Tcacon<27.9 Teacorr<252 2.7
Winter HT:no AC 165: 135 11.07  29.79 <0.001 Tcacon>20.6 Teacorr>24.0 -3.5
All AC:no AC 310:410 5.99 2772 <0.001 Tpacon=24.6 Tpacor=228 1.8
TP Summer CL:no AC 145:275 5.99 6.89 <0.001 Tpacen=219 Tpacor=23.1 -1.2
Winter HT:no AC 165: 135 599 1575 <0.001 Tpacon=32.6 Tpacor=300 2.6
All AC:no AC 310:410 3.84 1.63 0202 Tiacon=24.6 Taacot=394 -14.8
TA Summer CL:no AC 145:275 1 3.84 1.12 0.289 insignificant insignificant -
Winter HT:no AC 165:135 1 3.84 2.38  0.123 insensible result insignificant -

Note: Tn Calculated temperature at TSV=0 (neutral); T. Calculated values for temperature at TC = 1 (slightly comfortable). As
values TC 2 and TC 3 are on the comfortable side of the scale, the results are given as an inequality; Tp Calculated temperature at
TP = 0 (no change). ** The full list of linear regression equations are provided as an Appendix S (for the seasons together and

separately)
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The linear regression between the subjective votes and the measured air temperature in the differ-
ent air-conditioning modes estimated the neutral, comfortable and “prefer no change” temperature
in both seasons combined and, in winter and summer separately. The observed difference between
the estimates is presented in Table 8. Some of the calculated values challenge the sensibility — for
example, it is hardly possible that 39.4°C would be acceptable temperature in free running mode.
The results should be considered together with the observed temperature ranges and the results

from the following analysis.

Simple linear regression estimates that in summer, the difference between the neutral temperature
in CL and FR is about 3°C; with higher neutral temperature at cooling mode. The threshold in CL
below which the comfort vote is expected to be on the “comfortable” side of the scale, is ~3°C
degrees higher than in FR. The “prefer no change” vote can be expected at about 1°C lower tem-

perature in CL than in FR.

In winter however, the difference between the neutral temperature in CL and FR is estimated again
about 3°C, but with the opposite relation comparing to summer - the higher neutral temperature is
at free-running mode. The threshold in CL above which the comfort vote is expected to be on the
“comfortable” side of the scale, is 3.5°C degrees lower than in FR. The “prefer no change” vote

can be expected at 2.6°C higher temperature in CL than in FR.

It is interesting to observe that in CL the neutral sensation during summer is at higher temperature
than the FR, while in winter, the neutral sensation in HT is at a lower temperature than in FR. It
might lead to the assumption that the fact of using air-conditioning causes a psychological effect
over the neutral vote and people define as neutral higher temperatures when cooling and lower
temperatures when heating as compared to their respective counterparts in free running mode. On
the other hand, the estimated neutral temperature at FR in both seasons is surprisingly close with

a difference of less than 2°C.

Similarly, in summer people are expected to start voting comfortable at a higher temperature in
CL than in FR; while in winter they are expected to start voting comfortable at a lower temperature
in HT than in FR. The threshold temperature in FR when the vote enters the comfortable side of
the scale in winter and in summer is very close with only about 1°C difference. The observation
of TC is similar to the observation of TSV, however the preference vote shows the opposite rela-
tion. The vote “prefer no change” in CL in summer is expected at a lower temperature than in FR,
while in winter the vote “prefer no change” in HT is expected at a higher temperature than in FR.
At TP we also observed greater seasonal difference of almost 7°C in the estimated “prefer no

change” temperature in FR.
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The observed differences in mean temperature (Appendix S) however, vary from the differences
estimated by regression (Table 8) and sometimes are even contradictory. This may be attributed

to the drawbacks of the linear regression analysis as previously stated by other researchers [2, 10].

2.4. Neutral and Comfort temperature

2.4.1. Distribution of Thermal Sensation Depending on Season and Mode

Table 33 Percentage of thermal responses for each scale in summer and winter

Thermal sensation in both seasons

Mode Items
-3 -2 -1 0 1 2 3 Total
N 43 58 145 169 177 98 30 720
ALL
(%) 6.0 8.1 20.1 23.5 24.6 13.6 4.2 100
R N 28 26 76 108 94 53 25 410
(%) 6.8 6.3 18.5 26.3 22.9 12.9 6.1 100
N 15 32 69 61 83 45 5 310
CL/HT
(%) 4.8 10.3 22.3 19.7 26.8 14.5 1.6 100
Thermal sensation in summer
Mode Items
-3 -2 -1 0 1 2 3 Total
N 5 29 79 109 114 54 30 420
ALL
(%) 1.2 6.9 18.8 26.0 27.1 12.9 7.1 100
R N - 8 40 78 82 42 25 275
(%) - 2.9 14.5 28.4 29.8 15.3 9.1 100
oL N 5 21 39 31 32 12 5 145
(%) 34 14.5 26.9 21.4 22.1 8.3 34 100
Thermal sensation in winter
Mode Items
-3 -2 -1 0 1 2 3 Total
N 38 29 66 60 63 44 - 300
ALL
(%) 12.7 9.7 22.0 20.0 21.0 14.7 - 100
R N 28 18 36 30 12 11 - 135
(%) 20.7 13.3 26.7 22.2 8.9 8.1 - 100
HT N 10 11 30 30 51 33 - 165
(%) 6.1 6.7 18.2 18.2 30.9 20.0 - 100

Note: FR: Free running mode (or “no AC” - without the use of air conditioning); CL: Air conditioning for cooling; HT: Air condi-
tioning for heating

2.4.2. Logit Regression Analysis for Neutrality Range Relative to Season and Mode.
Estimating the proportion of occupants that would vote comfortable at a certain temperature, re-
quires conducting a probability analysis of TSV with the indoor temperature. We conducted an
ordinal logistic regression analysis for both seasons and all modes of air conditioning using the

probit model.
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The equations P« 1sv) in Table 34 represent the probability of voting the respective TSV vote or
less — for example P(<-1) represents the probability of voting -1 or less than -1 ( that is: from
“slightly cool” down on the scale to “cold”) [2, 31]. The summer-and-winter combined probit
regression coefficient for Toyohashi is calculated to be 0.102/K. Mean temperature of the probit
line is the absolute value of the result from dividing the y-intercept with the constant — for example
| +0.600/-0.102 | =1|-5.9 | = 5.9°C. The SD is the absolute value of the inverse of the constant
(SD =11/-0.102| = | -9.84 | = 9.84). Each equation was calculated for temperatures from 9°C to
33°C (the range of the observed temperature records in both seasons combined). For each result
obtained, the cumulative normal distribution was calculated in MSExcel (function
NORM.S.DIST(z, cumulative). The sigmoid curves of the probabilities for both seasons and all
the modes were then plotted and presented in Figure 62. In Figure 63 and Figure 64 the data is

divided by season and air conditioning modes. (see also Appendix U)

Table 34 Probit analysis of thermal sensation and indoor temperature in summer and winter

Mode Probit regression line Mean SD N R? SE p

P <3=-0.102T; +0.6 5.9
G Pcn=-0.102Ti+12 11.8
= P (<.0p=-0.102 T + 2.0 19.7

= 9.84 720  0.600 0.008 <0.001
= P (<10)=-0.102 T; + 2.7 26.6
> P in=-0.102T; +3.5 24.5
P (<+2=-0.102 T; + 4.3 42.3
,a: P (3 =-0.048 T;- 0.6 12.5
2 g P (<2 =-0.048 T; + 0.1 2.1

E 3 Peo=-0048Ti+08 167 5080 310 0523 0014 <0.001
5 S P (<:0)=-0.048 T; + 1.3 27.2
S g P (c1y=-0.048 T; + 2.1 43.9
Z P (<+2)=-0.048 T; + 3.3 68.9
P3=-0.136 T; +1.3 9.6
E Pn=-0.136 T;+ 1.8 13.2

< Peo=-0136T+27 98 235 410 0663 0011 <0.001
= P <:0)=-0.136 T; + 3.6 26.5
z Pciy=-0.136T; + 4.4 323
P (<+2=-0.136 Ti + 5.1 37.5

Note: P 1) is the probability of voting 1 and less; P 2) is the probability of voting 2 and less and so on; SD = standard deviation;

N = number of samples; R? (Nagelkerke) - coefficient of determination ; SE = standard error; significance p < 0.001)
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Table 35 Probit analysis of thermal sensation and indoor temperature in summer

Mode Probit regression line Mean SD N R? SE p
P <3 =-0.229 T; +3.6 15.7
O
= P <2 =-0229 T+ 4.6 20.1
(=]
= Po=-0229T:+5.5 24.0
= =0 437 420 0597  0.026 <0.001
= P <:0)=-0229 T; + 6.3 275
% P (£+) = -0.229T;+ 7.1 31.0
P <i=-0229T;+7.8 34.1
P <3 =-0.246 T; +4.3 17.5
. _ P2=-0246T;+5.5 224
) =
P (.0 =-0246 T+ 6.4 26.1
E € =0 407 145 0.620 0.043 <0.001
= O P (<+0=-0.246 Ti + 7.0 28.5
” = P ci1y=-0.246 T; + 7.8 31.8
P ci2=-0246 T, + 8.5 34.6
z2 P <2=-0.190 T; + 3.2 16.8
% Peo=-0.190T;+4.2 221 a6 275 0535 0034 <0001
= P (<:0)=-0.190 T; + 5.1 26.8 ' : ‘ ‘
z P <:n=-0.190 T; + 5.9 31.0
P <i=-0.190 T; + 6.6 34.7
Table 36 Probit analysis of thermal sensation and indoor temperature in winter
Mode Probit regression line Mean SD N R? SE p
&) P(5_3):-0.116 T; +1.0 8.6
< Pcn=-0.116T+ 1.4 12.0
=}
= P <0 =-0. i T 2. 18.
= @0 =-0.116 Ti+2.1 807 ¢50 300 0506 0014 <0001
g P <i0)=-0.116 T; + 2.7 232
> Pi=-0.116 T +3.5 30.0
P (3= -0.076 T; +0.0 0.0
- P <2 =-0.076 T; + 0.4 0.4
1
3 Po=-0076T +1.1 1.1
= = <0 =-0.076 13.18 165  0.451  0.020 <0.001
E @) P <+0=-0.076 T; + 1.6 1.6
< P i1y =-0.076 T; +2.5 25
P<3=-0.133 T, +1.4 10.6
x P«2=-0.133T;+1.8 13.6
=
= Po=-0.133T;+2. 19.6
o =0 Ti+26 754 135 0451  0.024 <0.001
< P <:0)=-0.133T; +3.4 25.6
z Pn=-0.133T;+3.9 29.4
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Figure 62 Graphical representation of probit analysis for summer and winter season: a) Probability of voting; b) Probability of
voting relative to air conditioning; c) Total probability of voting within the “extended neutral range” of TSV scale — from -1 to +1;
d) Probability of voting within the “extended neutral range” of TSV scale relative to using or not using air conditioning. **Marker

points represent the actual probability of voting.
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Summer season
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Figure 63 Graphical representation of probit analysis for summer season: a) Probability of voting; b) Probability of voting relative
to air conditioning; c) Total probability of voting within the “extended neutral range” of TSV scale — from -1 to +1; d) Probability
of voting within the “extended neutral range” of TSV scale relative to using or not using air conditioning. **Marker points represent

the actual probability of voting.
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Winter season
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Figure 64 Graphical representation of probit analysis for winter season: a) Probability of voting; b) Probability of voting relative

to air conditioning; c) Total probability of voting within the “extended neutral range” of TSV scale — from -1 to +1; d) Probability

of voting within the “extended neutral range” of TSV scale relative to using or not using air conditioning. **Marker points represent

the actual probability of voting.
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The curves help to estimate the probability of voting at a specific scale point or lower at all tem-
peratures within the observed temperature range. As shown on Figure 62Figure 63a), the proba-
bility of people voting neutral (dotted black line of P< 0)) or less at lower temperatures is high,
while with the rise of temperatures, this probability decreases. And, at 18°C there is 80% proba-

bility of voting neutral or less. The explanation for all curves follows the same pattern.

When subtracting the probability of voting -2 from the probability of voting 1, we can obtain the
probability of voting within the extended neutral range (-1, 0 and 1).

In both seasons, in AC mode, we can observe that within the range of 22°C and 25°C indoor tem-
perature, the probability of voting extended neutral is at its peak, however this peak is far below
the recommended 80% (Figure 62d). However, in no-AC mode, the probability of voting extended
neutral at least reaches 80% within the same range of 21°C to 25°C. In summer the respective
ranges are 25-29°C in AC mode and 22-26°C in no-AC mode (Figure 63d) while in winter the
ranges are overlapping at ~20-24°C (Figure 64d). The peak probability of voting extended neutral
is about 80% only when not using air conditioning in summer season (or in no-AC when analyzing

the data from both seasons in bulk).

2.4.3. Linear Regression Method for Determining Neutral Temperature

Neutral is the temperature at TSV=0, where the subjects felt neither cold nor warm. Using linear
regression is a common method to derive the expected neutral temperature out of observed survey
responses despite some downsides as observed by researchers previously. During both seasons
68% of the TSV (N=720, M=0.10, SD=1.49) were within the -1 to +1 segment of the scale and,
the neutral votes were 23% (Table 33 and Appendix S, Appendix Table S-1). The extended neutral
votes remained 68% from either AC and no-AC votes, while the neutral votes were higher per-

centage (26%) in AC as compared as 20% in no AC mode.

In summer these respective percentages were 72% (extended neutral TSV) and 26% (neutral TSV),
while in winter they were 63% and 20% respectively. In summer, the extended neutral percentage
is similar in AC and no-AC mode (73% to 70% respectively), while in winter there is a bigger
difference (58% to 67% respectively). It should be noted that despite the observed differences
relative to season and air conditioning mode, the percentage of extended neutral thermal sensation

votes remained high (Appendix S).

When regressing the TSV and the measured indoor temperature, a strong positive correlation was
observed and, based on the data collected, the neutral temperature relative to nationality could be

estimated using the equations below:
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Eq. 26 Linear regression model TSVac: Ti (summer and winter)
sewTSVac =0.063 Ti — 1.5, (N = 310; p < 0.05; R*= 0.04; S.E.=0.06; F statistic = 11.0)
Eq. 27 Linear regression model TSV no ac: Ti (summer and winter)

s&WTSV noac =0.164 Ti — 3.8, (N =410; p < 0.001; R?=0.35; S.E.=0.04; F statistic = 218.3)

Reg. line AC data OAC data
Reg.line no ACdata o4 AcC data
= Reg. line all data

_ O Rk N W

Thermal sensation

o~

10 12 14 16 18 20 22 24 26 28 30 32 |egend
Indoor air temperature (°C)

Reg. line AC data O AC data
Reg. line no ACdata 5o AC data
= Reg. line all data

0@0000@9&8 oouo

b)

Oo(\foOoo*\“o o

APOOOO0000 o

Thermal sensation
W N R O R N W

10 12 14 16 18 20 22 24 26 28 30 32 Legend
Indoor air temperature (°C)

Figure 65 Correlation between thermal sensation vote and indoor temperature relative to air conditioning mode: a) summer data

TSV: Ti; b) winter data TSV: T;

Eq. 28 Linear regression model TSVac: Ti (summer)

sTSVac=0.284 Ti — 7.7, (N = 145; p < 0.001; R?=0.19; S.E.=0.08; F statistic = 33.1)
Eq. 29 Linear regression model TSV no ac: Ti (summer)

STSV noac=0.213 Ti — 5.2, (N =275; p < 0.001; R?=0.11; S.E.=0.06; F statistic = 33.5)
Eq. 30 Linear regression model TSVac: Ti (winter)

wTSVac=10.101 Ti — 2.0, (N = 165; p < 0.001; R*=0.09; S.E.=0.08; F statistic = 16.2)
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Eq. 31 Linear regression model TSV no ac: Ti (winter)

WISV noac=0.176 Ti— 3.9, (N = 135; p < 0.001; R*=0.21; S.E.=0.08; F statistic = 35.6)

The calculated neutral temperature for both seasons when using air conditioning (s&w Tn Ac) using
the equation (Eq. 26) is s&w Tn ac = 23.4°C. This is 0.8°C lower than voted s&w Tn ac =24.2°C - the
mean indoor air temperature when the subjects voted “neutral” in both seasons (Appendix S). The
calculated neutral temperature for both seasons when not using air conditioning (s&w Tnno Ac) using
the equation (Eq. 27) is very similar: s&w Tnno ac = 23.1°C. This is 1.3°C lower than voted s&W Tn no
Ac =24.4°C - the mean indoor air temperature when the subjects voted “neutral” while not using

air conditioning.

The respective calculated neutral temperatures for summer are s Tn ac = 27.1°C and s Tnno Ac =
24.2°C (Eq. 28 and Eq. 29), while for winter they are w Tn ac = 19.5°C and w Tnno ac = 22.4°C (Eq.
30 and Eq. 31). Analyzing the data from both seasons together masks the difference relative to air
conditioning mode we observed in each season separately. Even though the model might explain
a higher percentage of the variability of the TSV (35% in no AC mode in summer and winter
combined), the result might be misleading and, it seems more sensible to analyze the data for each
season separately. The difference in slopes leads to thinking that in summer, students are more
sensitive to their indoor environment when air conditioning is on, while in winter it is the opposite
— they appear almost twice more sensitive to the indoor environment when they do not use air
conditioning. The slopes of the regression equations are comparable with the slopes derived from
similar research: Rijal et al. estimated 0.183/K for Japanese subjects in offices in FR mode
throughout a year. However, their winter slope in HT mode was 0.168/K — stronger positive rela-

tion than observed in the current survey [47].

Table 37. Ranges of Ti (°C) for acceptability of thermal sensation. Estimated from linear regression

Summer and winter Summer Winter
All AC No AC All AC No AC All AC No AC
Th 23 23 23 26 27 24 21 19 22
80% 17~30 10~37 18~28 22~29 24~30 20~28 16~27 11~28 18~27
680% 513 527 810 &7 56 58 511 517 59
90% 19~27 15~31 20~26 24~27 25~29 22~27 18~25 15~24 20~25
590% 88 516 56 83 &4 85 87 89 85

The linear regression defines a single value for the expected Tn. However, if using the assumptions

in the PMV/PPD model, and calculating for TSV=10.85 and for TSV==£0.5, it is possible to derive
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the range of Ti corresponding to 80% and 90% acceptable thermal sensation respectively [29]. In

our survey these ranges are in the table above.

The ranges in AC mode are wider in winter, and narrower in summer as compared to their coun-
terpart in no AC mode. The probit analysis in subsection 2.4.2 (page 105) suggested similar tem-
perature ranges for the peak probability of people voting extended neutral. However, the expected
probability of voting neutral differed between the two methods. Probit analysis showed that prob-
ability of voting neutral barely reaching 80% in no AC mode summer (and in summer and winter

combined) in a very narrow temperature range of 22~25°C.

Table 38. Voted ranges of Ta (°C) for acceptability of thermal sensation. From the collected direct votes

Summer and winter Summer Winter
All AC No AC All AC No AC All AC No AC
Th 24 24 24 27 27 27 20 22 18
80% 17~29 19~29 16~30 25~30 25~29 25~30 15~26 17~28 14~23
580% 512 510 514 85 &4 85 511 511 59
90% 15~30 17~30 14~30 24~30 23~29 24~30 14~28 16~31 12~24
590% 515 513 816 86 56 56 514 515 812

The collected data provided the values on indoor temperature when the students voted “extended
neutral”. From the datasets it was possible to extract the range of indoor temperature when 80%
of the students (or 90% respectively) voted extended neutral, as well as the average temperature
of the neutral vote. The results are presented in Table 38. There were notable differences between
the calculated and the observed values. Generally, the calculated range of 80% is usually wider

than the observed, while it’s the opposite with the 90% range.

Table 39 Correlation between clothing insulation and observed neutral temperature (at TSV -1, 0, +1)

All data points Using air conditioning (HT/CL) Not using air conditioning (FR)

r a p R p r a p R p r a B R p

5 I: Tn -0.63 -0.029 1.2 0.392 <0.001 -0.58 -0.029 1.2 0.332 <0.001 -0.66 -0.029 1.1 0.435 <0.001
%

v L:Ta  -0.20 -0.008 0.5 0.040 <0.001 -0.05 -0.002 0.4 0.003 0.598 -0.25-0.010 0.6 0.060 <0.001
= I: Tn  -0.27 -0.014 0.9 0.072 <0.001 -0.33 -0.016 1.0 0.109 <0.001 -0.14 -0.010 0.8 0.020 0.223

NOTE: Li: Clothing insulation (clo) where 1 clo=0.155m*K/W; Tx: Voted neutral temperature (°C) — the recorded indoor temper-
ature when TSV vote is -1, 0 or +1 (slightly cool, neutral, slightly warm). ** Number of observations; Summer and Winter Stage
(TaaLL=491; Tn Ac=213; Tanoac=278); Summer Stage (Tn aLL=302; Tn aAc=102; Tnnoac=200); Winter Stage (TnaLL=189; Thac=111;

Tanoac=78). ** See also Appendix X for graphical representations of regressions
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Adjusting the clothing is a typical adaptive comfort measure. Within the voted neutral temperature
range, we observed that the average clothing insulation in summer was two times less than in
winter — 0.32clo as compared to 0.63clo (Appendix X). The correlation was invariably negative —
with the rising of the indoor neutral temperature, the subjects reduced their clothing. The strength
of the correlation was higher when analyzing the data from both seasons together, while when
analyzing it separately by season and mode, it can be observed that there is no correlation between
clothing and neutral indoor temperature in two cases — in summer, when using air conditioning,
and in winter, when not using air conditioning. It appears that using air conditioning in summer,
breaks the connection and practically this adaptive measure is not utilized. Interestingly, this is not
the case in winter. In winter however, there is no link between clothing and indoor temperature
when not using air conditioning. This can be explained with the different approach subjects had

about adjusting their clothing, probably because of their different tolerance to indoor conditions.

Japanese Act for Maintenance and Sanitation in Buildings recommends the range of 17~28°C in-
door temperature. From the current study and the linear regression model (Table 39 and Appendix
X), we can calculate the respective clothing range as 0.33~0.66clo. In terms of real clothing en-
sembles, it means for example, wearing walking shorts and short sleeved shirt in summer, and
trousers and long sleeved shirt in winter [Chapter 9, Table 7 in [68]]. It is well known that energy
consumption in buildings is strongly dependent on the temperatures levels the occupants create
with the use of air conditioning. With that respect, it is reasonable to suggest using clothing ad-
justment more intensively — levels lower than 0.33clo in summer in order to still feel comfortable
at temperatures higher than 28°C and, levels higher than 0.66clo in winter in order to still feel

comfortable at temperatures lower than 17°C.

When trying to establish the model for estimating the neutral temperature indoors, linear regression
is believed to have some major drawbacks: 1) majority of votes are clustered around the central
point of the thermal sensation scale (Figure 65) as well as 2) the constant behavioral adaptation
from the subjects that cannot be accounted for by this analysis as the vote remains constant espe-
cially because of the adaptive measures implemented [30]. In our analysis, the precision of the
linear regression coefficient was improved following the usual analytical approach. Then, the com-

fort temperature was estimated using the Griffiths’ method.
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2.4.4. Improving the Precision of Linear Regression Coefficient
When considering the downsides of the regression method as mentioned above, it is necessary to
improve its precision. The widely accepted method to do that is to analyze the within-day and
within-room averages. That is to use the variability of the thermal sensation vote from its mean

and, to correlate it to the variability of the indoor temperature from its mean [20], [30], [47].

In order to apply this method to our data set, the mean thermal feeling (Tm) and mean indoor
temperature (Tim) were calculated for all the sets of data collected within a day in each of the 37
dormitory rooms for all the survey days within summer and winter. These values were the room-
wise day-survey averages. The variability in thermal sensation is defined as 0T+=T#Tm (the mean
of the thermal sensation/feeling vote within the day in a single room is subtracted from the actual

thermal sensation/feeling vote).
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Figure 66 Room-wise day-survey averages in summer and winter a) Frequency distribution; b) Regression of all day surveys

** Note: Outer lines indicate the residual standard deviation.

116



3 (Tf-Tfm)ac = 0.233 (Ti-Tim) -0 ° o
2 R? Linear = 0.159 o °

G 1 o
&
= 0 o o0
G
= -1 °
' 50 2)
“': -2 ©c 0000000

-3 0 0o o

-4

6 5 -4 3 -2 -1 0 1 2 3 4 5 Legend
Ti - Tim (°C)

3 (Tf-Tfm)no ac = 0.308 (Ti-Timp-@

2 R?linear= 0.172 o 00000
G 1 )
2.

0
€
= a
. 50 b)
= °

-3 o o o o o

4 o

6 5 4 3 2 -1 0 1 2 3 4 5 legend
Ti- Tim (°C)

Figure 67 Room-wise day-survey averages in summer and winter a) Regression of the day surveys in AC mode; d) Regression of

the day surveys in no-AC mode; ** Note: Outer lines indicate the residual standard deviation.
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Figure 68 Room-wise day-survey averages in summer. Frequency distribution
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Figure 69 Room-wise day-survey averages in summer a) Regression of all day surveys; b) Regression of the day surveys in AC

mode; ¢) Regression of the day surveys in no-AC mode; ** Note: Outer lines indicate the residual standard deviation.
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Figure 71 Room-wise day-survey averages in winter. Regression of the day surveys in no-AC mode; ** Note: Outer lines indicate
the residual standard deviation.

Similarly, the variability in indoor temperature is defined as 6Ti=Ti-Tim (the mean of the indoor
temperature within the day from a single room is subtracted from the actual measured temperature
at vote). The data was then split relative to season and air conditioning mode. Irrespective of season
or mode, about 50% of the variability in subjective sensation was zero. Zero variability means that
within a single day a subject’s mean vote was mostly equal to their actual vote of that day. If their

average vote of the day was “neutral” the actual vote “neutral” frequented too.

The regression 8Tr: 8Ti from both summer and winter votes demonstrated that when there was low
to no variability in the temperature, there was low to no variability in the sensation vote too (from
Figure 66 to Figure 71). The relation 6Tr: 6Ti was positive; however, it was stronger in free running
mode. That means: when the variability in temperature increases (bigger fluctuations from the
mean), the sensation vote variability is expected to also increase and, the sensation when there is
no air conditioning changes quicker than when air conditioning is used. The sensitivity separately
in summer and in winter kept the same trend only to be slightly stronger in summer (Figure 69)

and, slightly weaker in winter (Figure 70, Figure 71). The linear regression equations are:

Eq. 32 Room-wise day-wise linear regression model (summer and winter)

(Tt — Ttm) = 0.265 (Ti-Tim) - 0.0, (N = 720; p < 0.001; R*= 0.16; S.E.=0.86; F stat. = 139.8)

Eq. 33 Room-wise day-wise linear regression model in AC mode (summer and winter)

(Tt — Ttm)ac = 0.233 (Ti-Tim)ac — 0.0, (N =310, p < 0.001; R*=0.16; S.E.=0.88; F stat. = 58.5)
Eq. 34 Room-wise day-wise linear regression model in no-AC mode (summer and winter)

(Tt — Thn)no ac = 0.308 (Ti-Tim)no ac — 0.0, (N =410, p < 0.001; R2=0.17; S.E.=0.83; F stat. = 84.9)
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Eq. 35 Room-wise day-wise linear regression model (summer)

s(Tt— Ttm) = 0.361 s(Ti-Tim) — 0.0, (N =420, p < 0.001; R?=0.13; S.E.=0.83; F stat. = 61.4)

Eq. 36 Room-wise day-wise linear regression model in AC mode (summer)

s(Tr— Trm)ac = 0.294 s(Ti-Tim)ac — 0.2, (N = 145, p < 0.001; R?=0.09; S.E.=0.91; F stat. = 13.6)
Eq. 37 Room-wise day-wise linear regression model in no-AC mode (summer)

S(Ttr— Ttm)no ac = 0.333 s(Ti-Tim)no ac + 0.1, (N=275, p <0.001; R?>=0.11; S.E.=0.76; F stat=34.3)
Eq. 38 Room-wise day-wise linear regression model (winter)

w(Tt— Ttm) = 0.237 w(Ti-Tim) — 0.0, (N= 300, p< 0.001; R?>= 0.22; S.E.=0.88; F stat.= 81.8)

Eq. 39 Room-wise day-wise linear regression model in AC mode (winter)

w(Tt— Ttm)ac = 0.205 w(Ti-Tim)ac — 0.0, (N= 165, p< 0.001; R?>= 0.20; S.E.=0.83; F stat= 41.7)
Eq. 40 Room-wise day-wise linear regression model in no AC mode (winter)

W(Tr— Tm)no Ac = 0.284 w(Ti-Tim)no ac — 0.0, (N= 135, p< 0.001; R*=0.21; S.E.=0.94; F stat= 58.5)

The constant in the linear regressions above (the regression gradient) defines the slope of the re-
gression line — the steeper the slope, the more sensitive are the subjects to the change of indoor
environment. The regression gradient however, needs further adjustment as this value does not
account for the possibility of measurement errors. The adjusted coefficient is calculated using the

Eq. 8 (see Chapter II, sub-section 2.4.3, page 39)

Table 40. Adjusted regression coefficients relative to season and air conditioning mode.

Summer and winter Summer Winter
All AC No AC All AC No AC All AC No AC
b 0.26/K 0.23/K 0.31/K 0.36/K 0.29/K 0.33/K 0.24/K 0.20/K 0.28/K

Dagj. 0.27/K 0.25/K 0.32/K 0.38/K 0.32/K 0.35/K 0.25/K 0.22/K 031/K

Note: b is the regression coefficient from 6Tt : 8T; linear regressions (Eq. 32 to Eq. 40); bag;. Is the adjusted regression coefficient

calculated using Eq. 8.

2.4.5. Griffiths’ Method for Calculating Comfortable Temperature

Griffiths method estimates a temperature that is assumed comfortable based on the actual vote of
neutral sensation and a regression coefficient. It is calculated using Eq. 9 (see Chapter II, sub-

section 2.4.4, page 41)
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Table 41 Descriptive statistics of comfort temperature calculated by Griffiths’ method using different regression coefficients rela-

tive to air conditioning mode (summer and winter)

Calculated comfort temperature cT. (°C)

Regression coefficient
N Min Q1 Median Q3 Max Mean SD

(K)
0.50 11.2 20.5 24.5 27.1 35.1 23.7 4.5
= 0.33 10 9.6 20.2 23.9 27.5 36.3 23.6 5.0
3 0.27 (see Table 40) 8.2 19.4 23.9 27.7 37.6 23.6 5.5
<=ﬂ 0.25 7.6 19.2 23.9 27.8 38.2 235 5.8
. Voted (TC +1,+2, +3) 524 9.8 21.5 25.6 27.8 33.7 24.4 4.5
.% 0.50 11.2 20.3 24.5 274 35.1 23.8 4.6
E § 0.33 310  10.0 19.5 23.8 28.2 36.3 23.8 5.5
§ 5 0.25 (see Table 40) 8.1 18.7 23.9 28.8 38.2 23.7 6.5
é < Voted (TC +1, +2,+3) 246 132 21.0 25.1 27.3 33.7 24.2 4.1
% 0.50 11.6 20.8 24.6 27.0 335 23.6 4.4
§ 0.33 410 9.6 20.2 23.9 26.9 34.6 235 4.6
&) 0.32 (see Table 40) 94 20.2 23.9 27.0 34.7 23.5 4.7
;é 0.25 7.6 19.4 24.1 27.3 36.4 234 5.3

Voted (TC +1, +2,+3) 278 9.8 232 26.0 28.2 31.6 24.6 4.9

Table 42 Descriptive statistics of comfort temperature calculated by Griffiths’ method using different regression coefficients rela-

tive to air conditioning mode (summer)

Calculated comfort temperature cT.(°C)

Regression coefficient
N Min Q1 Median Q3 Max Mean SD

(/K)
0.50 18.6 244 264 280 342 262 2.7
P 0.38 (see Table 40) po 167 BT 262 284 355 260 33
< 0.33 155 232 261 286 363 259 3.8
2 0.25 126 221 255 293 382 255 5.0
Voted (TC +1,+2,+3) 317 186 256 268 285 316 269 2.1
0.50 18.6 249 272 286 342 268 2.7
s g 0.33 s 1552412720 296 363 270 39
E = 0.32 (see Table 40) 152 240 272 297 365 270 40
& 2 0.25 126 232 276 306 382 272 5.1
Voted (TC +1,+2,+3) 117 186 256 265 279 302 264 2.2
0.50 188 242 260 276 335 259 2.6
-“sé 0.35 (see Table 40) s 162232 255 278 344 | 254 3.4
5 0.33 157 229 255 279 346 253 3.6
;ﬁ 0.25 128 215 251 284 364 246 47

Voted (TC +1,+2,+3) 200  19.8 25.5 27.1 28.9 31.6 27.2 2.0
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Table 43 Descriptive statistics of comfort temperature calculated by Griffiths’ method using different regression coefficients rela-

tive to air conditioning mode (winter)

Calculated comfort temperature cT. (°C)

Regression coefficient
N Min Q1 Median Q3 Max Mean SD

(/K)
0.50 112 175 197 228 351 202 42
g 0.33 300 9.6 170 203 238 362 205 48
% 0.25 (see Table 40) 7.6 162 202 251 371 | 208 5.8
Voted (TC +1,+2,+3) 207 98 173 205 237 337 207 47
0.50 112 183 205 239 351 212 44
2 0.33 s 100 171208 242 362 209 5.1
5 £ 0.25 8.1 160 206 248 371 207 60
§ < 0.22 (see Table 40) 7.0 153 201 254 377 206 66
Voted (TC +1,+2,+3) 129 132 193 215 244 337 = 222 43
0.50 11.6 161 188  21.7 296 190 3.7
-"cé 0.33 s %0 168 194 233 327 200 44
o 0.31 (see Table 40) 9.2 168 194 238 333 | 201 46
;ﬁ 0.25 7.6 166 199 254 356 208 5.5

Voted (TC +1, +2, +3) 78 9.8 15.1 17.5 21.0 26.8 18.1 4.1

Note: Q1: First quartile marks 25% of the data points; Median: Marks 50% of the data points; Q3: Marks 75% of the data points;
(Q3-Q1): Marks the interquartile range — Central 50% of the data points; Mean: Arithmetic average; SD: Standard deviation.

Griffiths’ coefficient accounts for the sensitivity to indoor temperature change and the value used
predominantly is a=0.5 [20], [30]. However, previous research explores ¢Tc at two more values:
a=0.25, and a=0.33 [51], [74], as well as the value of the adjusted coefficient bagj. derived from
room-wise day-survey analysis if conducted [30]. In the current study, ¢Tc was estimated using
the values for the Griffiths’ coefficient previously established as well as the adjusted value from
the current study. The results are presented in Table 41, Table 42 and Table 43. The current field
survey directly asked about the comfort. It made it possible to compare the calculated ¢T. and the

observed votedTc (Table 41, Table 42 and Table 43).

There were notable differences in calculated comfort temperature and the actual voted comfort
temperature — from 0.5°C to ~ 2°C in mean values as well as in the calculated ranges of comfort.
In no-AC mode, the calculation overestimated the mean comfort for winter by 2°C and, underes-
timated it by the same difference in summer. In AC mode, the calculation again overestimated the
mean comfort for winter but, the value overlapped with the voted mean in summer. As for the
calculated ranges of comfort temperature — they were invariably expected to be much wider than

the observed actually votes ranges.
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Table 44 Correlation between Griffiths’ comfort temperature and indoor temperature

All data points

Using air conditioning (HT/CL) Not using air conditioning (FR)

a B

R? p

r a B

R2

P r

a B

R? p

S S&W

w

GTC

GTc

ZTi

GTCI Ti

- T

0.45 0.507 11.4 0.208 <0.001 0.49 0.747 59 0.237 <0.001 0.57 0.488 11.8 0.326 <0.001

0.18 0.286 18.3 0.031 <0.001 0.06 0.112 24.0 0.004 0.467 0.22 0.390 14.8 0.048 <0.001

0.29 0.365 13.6 0.086 <0.001 0.35 0.540 9.0 0.120 <0.001 0.38 0.433 12.7 0.135 <0.001

NOTE: gTe: Calculated comfort temperature using Griffiths’ method (°C); Ti: Indoor temperature (°C). ** See also Appendix

VAppendix X for graphical representations of regressions

Table 45 Correlation between comfort temperature (calculated and voted) to outdoor temperature

All data points

Using air conditioning (HT/CL) Not using air conditioning (FR)

a B

R? p

r a B

R2

P r

a B

R? p

Summer and Winter

GTCZ

GTCZ

VTCZ

vTCZ

0.44

0.43

0.70

0.67

0.308 19.4

0.223 19.8
0.402 18.8

0.290 19.4

0.197 <0.001

0.185 <0.001

0.488 <0.001

0.449 <0.001

0.49 0.383 19.1

0.48 0.274 19.7
0.53 0.260 21.0

0.51 0.181 21.5

0.241

0.234

0.282

0.256

<0.001 0.53

<0.001 0.51
<0.001 0.87

<0.001 0.86

0.329 18.6

0.245 18.9
0.599 153

0.466 15.4

0.278 <0.001

0.261 <0.001
0.758 <0.001

0.743 <0.001

GTCI

Summer

vTc:

GTCI

VTCZ

0.21

0.15

0.57

0.56

0.381 18.3

0.207 20.7
0.658 13.6

0.474 14.7

0.043 <0.001

0.023 <0.05

0.325 <0.001

0.313 <0.001

0.09 0.214 22.6

0.04 0.073 25.1
0.52 0.671 12.5

0.49 0.464 14.1

0.008

0.002

0.269

0.236

0.290 0.16

0.623 0.10
<0.001 0.71

<0.001 0.71

0.300 19.4

0.138 21.9
0.774 11.8

0.563 12.9

0.026 <0.05

0.010 0.106
0.510 <0.001

0.506 <0.001

GTCZ

Winter

vTcI

GTCZ

VTCZ

0.03

-0.02

0.11

-0.13

0.126 20.2

-0.034 20.9

0.361 19.1

-0.211 21.7

0.001 0.580

0.000 0.789

0.013 0.108

0.016 0.065

0.03 0.123 20.1

0.01 0.029 20.5
0.02 0.069 21.9

-0.12 -0.193 23.1

0.001

0.000

0.001

0.016

0.727 0.07

0.882 -0.02 -0.033

0.791 0.30

0.159 0.15

0.221 19.2
20.3
0.856 14.3

0.226 16.8

0.005 0.424

0.000 0.838
0.088 <0.05

0.022 0.193

NOTE: ¢T.: Comfort temperature calculated using Griffiths’ method (°C); vTc: Voted comfort temperature — the recorded indoor

temperature when TC vote is 1, 2 or 3 (slightly comfortable, comfortable, very comfortable). * Calculated 6T¢ (°C) uses the adjusted

regression coefficients as in Table 40. ** Number of observations; Summer and Winter Stage (GTc aLL=720; Tc Ac=310; GT.
n0Aac=410; vTc aLL=524; vTc Ac=246; vTc noac=278); Summer Stage (cTc aLL=420; GTc ac=145; GTc noac=275; vTec aLL=317; vTc
Ac=117; vTcnoac=200); Winter Stage (6Tc aALL=300; GTc Ac=165; 6Tcnoac=135; vTcaLL=207; vTc ac=129; vTcnoac=78). ** See also

Appendix W for graphical representations of regressions
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The calculated comfort temperature using the Griffith’s method had strong correlation to the meas-
ured indoor temperature especially when considering both seasons together. In winter the correla-
tion was weaker, while in summer in AC mode there was even no correlation. We can assume that
using air conditioning causes the indoor environment to vary extensively thus lowering the pre-

dictability of the method for calculating comfort temperature.

For the year, the mean comfort temperature can be estimated as 24°C. The ranges of 80% comfort
differ significantly relative to mode and, in AC mode the range is by 6°C wider (15~33°C in AC
mode and, 17~29°C in no-AC mode).

In summer, there is a significant difference of 2°C in mean comfort temperature (27°C in AC mode
and, 25°C in no-AC mode). The ranges of 80% comfort again differ significantly relative to mode

and, in AC mode the range is by 1°C wider (22~32°C in AC mode and, 20~29°C in no-AC mode).

In winter, the mean comfort temperature can be estimated as 20°C. The ranges of 80% comfort
again differ significantly relative to mode and, in AC mode the range is by 4°C wider (13~29°C in
AC mode and, 15~27°C in no-AC mode).

2.5. Comparison with Related Standards

One of the fundamental assumptions of the adaptive model is that the comfort indoor temperature
would be in relation with the seasonal outdoor temperature provided that the outdoor conditions
are not unpleasantly hot or unpleasantly cold [p.60, [20]]. The outdoor temperature can be repre-
sented by the daily mean as provided by the local meteorological station or by the running mean

as calculated using Eq. 1.

A number of international standards regulate the indoor environment [19]. They have established
thermal comfort models to predict the indoor comfort temperature based on the mean/ running
mean outdoor temperature. The comfort temperature relative to use of air conditioning as corre-
lated to outdoor air temperature subsection 2.4.5 (page 124) was compared to EN 16978-1 [78]
and ASHRAE [26] (Figure 72 and Appendix Y).

For the year, we observed significant correlation of the calculated comfort temperature to both
irrespective of air conditioning mode (Table 45 and Appendix W). However, in summer and winter
separately and, relative to AC mode, there was hardly any correlation. The voted comfort voted
however, remained strongly correlated to outdoors in summer too. In winter neither the calculated,

nor the voted comfort temperature had any correlation to outdoors.
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EN 16798-1 [78] recommends temperature range of 20-25°C for heating season and, 23-26°C for
the cooling season. ASHRAE [26] recommends temperature range of 20-23°C for heating season
and, 23-27°C for the cooling season (at still air). The Japanese Act for Maintenance of Sanitation
in Buildings recommends temperature range of 17-28°C throughout the year. As part of the energy
conservation measures of Japan, METI (Ministry of Economy, Trade and Industry of Japan) rec-
ommends indoor temperatures lower than 20°C in winter and, higher than 28°C in summer.

45 (FR) EN 16798-1: Tc = 0.33 Trm +18.8
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Figure 72 Comparison of comfort temperature with standards: a) EN 16978-1 and b) ASHRAE

Comparing to EN 16978-1, the model for comfort temperature derived from the current study,
almost overlaps with the model of the standard in FR mode. In AC mode, the model is very close
and, remains within the boundaries of buildings in Category I (the highest). Comparing to
ASHRAE, the slope of our model is a little less steep but, remains invariably within the 90%
comfortable band. Most of the data points and the model itself fit within 17-28°C band. However,
METI recommendation is challenging to meet. Our model fits within the recommended threshold
summer and winter temperatures (28°C and 20°C respectively), however METI recommends

above 28°C and below 20°C — the complete opposite. The summer and winter datasets are split in
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half by the recommended threshold lines, giving the reason to believe that about half of the occu-
pants will feel comfortable within the METI recommended ranges, However, about half would
not. In their field survey Indraganti et al. [44] already questioned the rational basis for the METI
requirements and the current study supports the idea that re-evaluation of these requirements is

needed.

3. Conclusions for neutrality and comfort relative to season and air conditioning

A field survey about environmental comfort in typical university dormitory buildings in Japan was
conducted during the summer and winter of 2017-2018. The aim of the study was 1) to snapshot
the subjective thermal comfort of students living in university dormitories relative to temperature
2) to understand the difference, if any, between the temperature defined as neutral or comfortable

and 3) to get an insight how tolerant are the students to their indoor environment.

Subjective votes were collected using traditional paper questionnaire. Simultaneously, measure-
ments of physical parameters of the indoor and outdoor environment were conducted and the two
data-sets were linked. The correlation of the subjective neutrality and comfort were investigated
in relation to season and the use of air conditioning; as well as the effect of thermal sensation to

occupants’ preference and tolerance to their indoor environment.

The study revealed that the average indoor temperature in dormitory rooms in summer gravitates
around 27°C irrespective of air conditioning mode, while in winter it is 17°C in FR and 22°C in
HT. The humidity in summer were very high, while in winter were very low. Indoor activity does

not change throughout the year, while the clothing gets double in winter.

Throughout the year and, in summer separately, indoor and outdoor environmental parameters

changed in respect, while in winter, the indoor environment had low to no relation to outdoors.

Mean subjective thermal responses were well related to outdoor conditions, except for the thermal
acceptability. Irrespective of season and air conditioning mode, more than 87% of the students
voted that the indoor environment was “acceptable”. The subjective thermal votes were well cor-

related within each another in both investigated seasons and modes.

The use of air conditioning significantly affected the subjective votes of sensation, evaluation and

preference.

In AC mode, within the range of 227 25°C indoor temperature, the probability of occupants voting
extended neutral is the highest, however it’s below the recommended 80%. In no-AC mode, the

probability of voting extended neutral barely reaches 80% within the same temperature range. In
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summer the respective ranges are 25-29°C in AC mode and 22-26°C in no-AC mode while in

winter the ranges are overlapping at ~20-24°C.

Much wider neutral temperature ranges were derived from linear regression analysis within the
boundaries of the actual neutral votes. Neutral temperature can be estimates as 23°C throughout
the year (26°C in summer and, 21°C in winter). And, the ranges of 80% neutrality are 19-29°C
throughout the year (25-29°C in summer and, 17-28°C in winter). There was 3°C difference in the

mean neutral temperature in each season relative to the use of air conditioning.

The sensitivity to indoor environment did not vary much relative to the season and air conditioning.
However, in summer, students seem to be a bit more sensitive to their indoor environment when
air conditioning is on, while in winter it is the opposite — they appear almost twice more sensitive
to the indoor environment when they do not use air conditioning. With the rising of the indoor
neutral temperature, the subjects reduced their clothing and, the summer clothing was two times

lighter than the winter one.

The mean comfort temperature for the year calculated using Griffiths” method, can be estimated
as 24°C (25-27°C in summer and 20°C in winter). The ranges of 80% comfort differed significantly

relative to mode and, in AC mode the ranges were wider.

Comparing to the standards and recommendations regulating the adaptive comfort field, it was
observed that the model for comfort temperature derived from the current study, is very close to
the existing models in EN 16798-1 and in ASHRAE. However, METI recommendations are prac-
tically the opposite of the current study data and meeting them poses a real challenge. It appears

that re-evaluation of these requirements is needed.
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CHAPTERYV
Conclusions. Initial Hypothesis in the Light of Results

Often, self-contradictory, the conundrum of providing comfortable, yet energy efficient built en-
vironment in a globalized world where occupants in buildings often change, is challenging the
scientific field. We were interested in the concept of adaptive comfort and its flexibility, together
with the great potential it holds for energy conservation. We expect that in Japan the necessity for
new and renovated buildings for more or less temporary multi-national occupancy will gradually
increase. In order to provide it, we first need to know what comfort is in said buildings. The pur-
pose of the study therefore, was to determine what does comfort mean for multi-national occupants
in Japan. The selected buildings were dormitories because of the short-term occupancy there, as
well as the multi-nationality of their residents. Studies in offices and pure residences in Japan have
been conducted by a plethora of researchers, however such research has neglected dormitory build-
ings so far. Dormitories are a unique combination of office and residence and we strongly believe
they have higher potential to reveal the actual preferences of their occupants because 1) students
live in private rooms where immediate social restraints are practically non-existent with the ex-
ception for the habitual or culturally predetermined ones; 2) the rooms are relatively small so no
matter the energy consumption, the final financial burden cannot get excessive; 3) the occupants
are young and assumingly still developing their finance managing attitude, so their indoor envi-

ronment setting is expected to represent more genuinely their subjective preference.
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The current study presents results obtained from a field survey about environmental comfort in
typical university dormitory buildings in Japan conducted in the summer and winter of 2017-2018.
Subjective votes were collected through a traditional paper questionnaire. Simultaneously, meas-
urements of physical parameters of the indoor and outdoor environment were conducted and the
two data-sets were linked. The correlation of the subjective neutrality and comfort were investi-
gated in relation to nationality, season and air conditioning mode; as well as the effect of sensation

to occupants’ preference and tolerance to their indoor environment.

1. Hypothesis - Revised

The initial hypothesis was that, there will be differences in comfort and comfort temperature be-
tween Japanese and non-Japanese students and, that that the Japanese will be more accepting of
their environment in any season. We expected such difference to be relative to season too, as well

as to the use of air conditioning.

We expected that the current Japanese recommendations for summer and winter will reflect the
actual Japanese vote better than the non-Japanese one and, that the Japanese subjects will be more

accepting of their environment in any season. We did observe differences, where:

— The summer neutral indoor temperature was estimated as 26°C for Japanese students and
as 25°C for non-Japanese. However, the highest probability of voting neutral for Japanese
students was only 70-75% and it was estimated within 24~28°C indoor temperature. For
non-Japanese students it’s above 80% within the same temperature range.

— The winter neutral indoor temperature could be estimated as 21°C for Japanese students
and as 22°C for non-Japanese. However, the highest probability of voting neutral for Jap-
anese students was only 65% and it was estimated within 19~22°C indoor temperature. For
non-Japanese students it’s 75% within 19~24°C indoors.

— Relative to air conditioning, neutral temperature can be estimates as 23°C throughout the
year (26°C in summer and, 21°C in winter). And, the ranges of 80% neutrality are 19-29°C
throughout the year (25-29°C in summer and, 17-28°C in winter). There was 3°C difference
in the mean neutral temperature in each season relative to the use of air conditioning.

— Japanese students were notably more sensitive to their indoor environment as compared to
non-Japanese ones in both seasons

— The sensitivity to indoor environment did not vary much relative to the season and air
conditioning. However, in summer, students seem to be a bit more sensitive to their indoor

environment when air conditioning is on, while in winter it is the opposite — they appear

130



almost twice more sensitive to the indoor environment when they do not use air condition-
ing.

— With the rising of the indoor neutral temperature, the subjects reduced their clothing and,
the summer clothing was two times lighter than the winter one. Obviously, the adaptive
measure of clothing adjustment was put to practice. The energy consumption in buildings
is strongly dependent on the temperatures levels the occupants create with the use of air
conditioning. In that respect, it is reasonable to suggest using clothing adjustment more
intensively — levels lower than 0.33clo in summer in order to still feel comfortable at tem-
peratures higher than 28°C and, levels higher than 0.66clo in winter in order to still feel
comfortable at temperatures lower than 17°C.

— The summer Griffiths’ comfort temperature for both Japanese and non-Japanese subjects
could be estimated as 26°C. In winter it is 20°C for Japanese and 22°C for non-Japanese.

— The mean comfort temperature for the entire year, can be estimated as 24°C (25-27°C in
summer and 20°C in winter). The ranges of 80% comfort differed significantly relative to
air conditioning mode and, in AC mode the ranges were wider.

— Voted thermal acceptability was invariably above 85% irrespective of nationality, season

or air conditioning mode, which can be explained with the high level of personal control.

We expected that Japanese comfort vote will fall within the current recommendations for summer
and winter in Japan. We observed that, for both Japanese and non-Japanese students, the yielded
predicting models from the survey deviated from the models in the current international standards.
In addition, the voted and the estimated neutrality and comfort in the study were mostly below the
recommended minimum indoor temperature in summer (28°C) and, above the recommended max-

imum indoor temperature in winter (20°C) in Japan.

Similar was the case relative to air conditioning: the model for comfort temperature in the current
study, was very close to the existing models in Europe and United States. However, Japanese
recommendations are practically the opposite of the current study data and meeting them poses a
real challenge. As Japanese recommendation is set considering the energy conservation, it is rea-
sonable to further investigate how to make it possible to adjust the subjective neutral and comfort
temperatures without compromising personal comfort. It appears that re-evaluation of these re-

quirements is needed.
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2. Significance. Contribution. Applicability - Revised

The number of foreign people moving to Japan for temporary or long term work/study will con-
tinue to increase together with the demand for decreasing energy consumption. Not only university
dormitories, or dormitories for company employees, but more buildings are expected to fall under
the category — multinational occupancy — temporary housing, evacuation shelters, office buildings.

Depending on air conditioning to ensure comfortable living environment is undesirable solution.

Currently, Japan has demonstrated decrease of several percent in its energy consumption in respect
to the Paris agreement. However, it is far from the long-term targeted decrease of almost 1.2 times

less the current energy use.

The target can get closer with disseminating extensively the adaptive model by 1) more effective
spread of knowledge that small personal behavioral changes can have a real and noticeable impact
on the global energy consumption; with 2) providing better personal control over the indoor envi-
ronment and with 3) widening the available and acceptable measured to adapt to the living/working

conditions.

3. Limitations to the Study
There are certain limitations to the study as follows:

1) Because of Japanese lifestyle, some typical daily activities are conducted at a different height
than usual — closer to or directly on the floor. This can include studying, sleeping, resting. The
measuring instruments were placed in relation to the working plane in each particular room causing
deviation from the standard established heights. In our survey, the devices were placed within
0.6m - 1.1m as opposed to the standard heights for measurements (0.1m, 0.6m, 1.1m for sedentary

activity);

2) The measured air velocity suggested still air. This prevented any chance for analyzing further
the effect of air velocity to the subjective thermal responses. In the future, it is necessary to conduct
a field survey focused especially on air velocity, its correlation to behavioral adaptation and the

effect on subjective thermal responses.

3) Operative indoor temperature is calculated from the radiant and the air temperature in the room.

In a room for residential occupancy without large hot or cold surfaces, air temperature alone can
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be used as an estimate of the operative temperature. However, we do acknowledge that not meas-
uring the radiant temperature leaves room for unwanted assumptions and we do consider it a lim-

itation to the study

4. Future work

The current research defined certain comfort temperature ranges for students living in dormitories
in Japan relative to nationality and to air conditioning mode. The study was limited in several
aspects one of which was the number of participants. The first step of the work in the future should

be to collect more data so that the conclusions are grounded better.

As a next step, the investigated buildings should be modeled in a software for energy use analysis
and the effect of the really observed subjective comfort ranges can be computed and evaluated.
Following that, a set of refurbishment measures could be proposed. As one of the investigated
buildings in TUT needs renovating soon (Kaikan), this set of measures can be applied and further
investigated. A post-renovation field survey can prove or disprove the quality and effectiveness of
the measures to the energy consumption of the building, as well as their effect on the subjective

thermal responses about quality of indoor environment.

In addition, there are research laboratories in TUT which work is on improving the efficiency of
photovoltaic solar cells; on improving air-conditioning systems; on investigating effects of cloth-
ing insulation or indoor foliage plants on subjective perception of indoor environment; on promot-
ing natural ventilation in contemporary buildings; on human-robot interaction and more. All this
knowledge can be utilized and implemented during the renovation. Comfort is flexible, variable,
adaptive. Wide interdisciplinary collaboration can help not only to test the efficiency of every
single measure applied, but also to investigate different combination of measures and discover the
ones that ensure the optimum balance between comfort and energy consumption suitable for Jap-

anese climatic condition and lifestyle.
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Appendix A.  Japan. Trends in energy consumption over 1990-2018
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Appendix Figure A-1. Japan. Trends over 1990-2018. a) Total energy consumption (in Mtoe). b) Total CO2 emissions (in MtCO2).

¢) Renewable energy use (% in electricity production). Source Enerdata '°

10 https://yearbook.enerdata.net/total-energy/world-consumption-statistics.html
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Appendix B.  Japan. Trends in energy supply over 1990-2016
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Appendix Figure B-1. Japan. Trends over 1990-2016: a) Total primary energy supply by source, b) Renewable electricity genera-

tion by source, ¢) Nuclear energy production. Source IEA (International Energy Agency)'!

11 https://www.iea.org/statistics/?country=JAPAN&year=2016&category=Energy%20supply&indicator=TPESby-
Source&mode=chart&dataTable=BALANCES
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Appendix C.  Set of questionnaires in English

Toyohashi University of Technology
Building Environmental Engineering Laboratory

International Student Dormitory (Kaikan)
Environmental Survey Questionnaire

This environment survey questionnaire consists of the following 3 parts.

Part 1: Questionnaire about health condition — Part 1(1): general health (to be filled in once at the beginning of
survey) and Part 1(2): health condition at the day (to be filled in each day just after waking up)

Part 2: Questionnaire about subjective perception of indoor environment (Please, fill it in 3 times per day — just after
waking up; at noon (if you're at home); and just before going to bed)

Part 3: Sketch of the room layout including the places of the measurement devices and memo field (to be filled it in
at the beginning of survey — we help with doing the sketch)

[Before answering the questionnaire, please pay attention to the following] 3 Please, read before answering:

® Please answer the questionnaire after staying AT LEAST 30 MINUTES inside the room for acclimatization.

Please, ALWAYS note the date and time, because IT IS THE LINK between the objective and subjective data.

Please, answer the questionnaire, based on the actual feeling AT THE MOMENT you fill it in.

The information gathered from this questionnaire will be used for research purposes only and will not be

provided to third parties.

In the Part 1 - questionnaire about "health condition” please, answer about your normal life, health condition,

sleep, ete.

® In the Part 2 - questionnaire about "subjective perception of indoor environment" please, answer while
SITTING ON YOUR CHAIR IN YOUR PERSONAL ROOM.

@ In Part 3 please draw a simple sketch of the layout of your room, the position and height of the measuring
devices (we can do this for you). Please, write in the memo field only if the measuring equipment falls, stops
working or breaks down. In such case, please write down the discovery time and explain the situation briefly.

@ IN CASE THE MEASURING DEVICE STOPS RECORDING OR GETS DAMAGED IN ANY WAY,
UNPLUG THE POWER SUPPLY AND NOTIFY THE INVESTIGATORS AS SOON AS POSSIBLE
(Yokose or Vanya).

[Investigators: Building Environmental Engineering Laboratory (Laboratory of professor Tsuzuki)]
Hiroki Yokose (D2 - 609): ¢ - mail: h153550@edu.tut.ac.jp; tel: 080 - 1100 — 7799 (in Japanese)
Vanya (D2 - 610): e - mail: vaniadraganova@abv.bg; tel: 090 — 4259 - 8855 (in English)

Professor Kazuyo Tsuzuki: email: ktsuzukif@ace.tut.ac.jp
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Toyohashi University of Technology
Building Environmental Engineering Laboratory

Global Student Dormitory
Environmental Survey Questionnaire

This environment survey questionnaire consists of the following 3 parts.

Part 1: Questionnaire about health condition — Part 1(1): general health (to be filled in once at the beginning of
survey) and Part 1(2): health condition at the day (to be filled in each day just after waking up)

Part 2: Questionnaire about subjective perception of indoor environment (Please, fill it in 3 times per day — just after
waking up; at noon (if you’re at home); and just before going to bed)

Part 3: Sketch of the room layout including the places of the measurement devices and memo field (to be filled it in
at the beginning of survey — we help with doing the sketch)

[Before answering the questionnaire, please pay attention to the following] % Please, read before answering:

® DPlease answer the questionnaire after staying AT LEAST 30 MINUTES inside the room for acclimatization.

Please, ALWAYS note the date and time, because [T IS THE LINK between the objective and subjective data.

Please, answer the questionnaire, based on the actual feeling AT THE MOMENT you fill 1t in.

The information gathered from this questionnaire will be used for research purposes only and will not be

provided to third parties.

In the Part 1 - questionnaire about "health condition" please, answer about your normal life, health condition,

sleep, ete.

® In the Part 2 - questionnaire about "subjective perception of indoor environment" please, answer while
SITTING ON YOUR CHAIR IN YOUR PERSONAL ROOM.

® In Part 3 pleasc draw a simple sketch of the layout of your room, the position and height of the measuring
devices (we can do this for you). Please, write in the memo field only if the measuring equipment falls, stops
working or breaks down. In such case, please write down the discovery time and explain the situation briefly.

@ [N CASE THE MEASURING DEVICE STOPS RECORDING OR GETS DAMAGED IN ANY WAY,
UNPLUG THE POWER SUPPLY AND NOTIFY THE INVESTIGATORS AS SOON AS POSSIBLE
(Yokose or Vanya).

[Investigators: Building Environmental Engineering Laboratory (Laboratory of professor Tsuzuki)]
Hiroki Yokose (D2 - 609): ¢ - mail: h153550(@edu.tut.ac.jp; tel: 080 - 1100 — 7799 (in Japanese)
Vanya (D2 - 610): e - mail: vaniadraganova(@abv.bg; tel: 090 — 4259 - 8855 (in English)

Professor Kazuyo Tsuzuki: email: ktsuzukit@ace.tut.ac.jp
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4.

General Lifestyle Questions:

4.1

4.2.

43.
44,

45.
4.6.

Do you smoke?

1 —I have never smoked 2 -1 quit one or mote years ago 3 — I quit within the last year
4 —1 smoke less than 20 cigarettes 5 - I smoke around 20 to 40 6 — I smoke more than 40
a day cigarettes a day cigarettes a day

How often do you drink alcohol within a week (how many days of a week)?

1T don’t drink 2 — 2 days of a week 3 —31t0 5 days of a week 4 — 6 or more days of a week

In case you drink, how much do you drink per day? (e )
Do you walk or do you do any exercise during the day?

1 — Almost no activity 2 — Moderately active 3 — Very active

How often do you walk or do any other exercise withinaweek? (_________ )

How intensive/hard exercises you do?

1 - Very hard 2 —Hard 3 — Normal 4 — Moderately easy 5 — Very easy

General Questions About Your Body and Illness Predisposition?

Suly

5:2:

53.

5.4.

Can you easily endure hot environment?

1-TItiseasyto 2 —It's moderately 3 —1I cannot say 4 —Tt’s moderately ~ 5—1It’s very hard to
endure heat easy to endure heat hard to endure heat  endure heat

Can you easily endure cold environment?

1-Ttiseasyto 2 —It'smoderately 3 —1I cannot say 4 —Tt’s moderately 5 —1It’s very hard to
endure cold easy to endure cold hard to endure cold  endure cold

Do you sweat a lot?

1-Isweatvery 2 -—Isweatmoderately 3 —1I cannotsay 4 — T sweata little 5 —Talmost don’t
intensively mntensive sweat

Are you sensitive to cold?

1-Tdon’tthink so 2 — Slightly sensitive 3 —I cannot say 4 — Very sensitive 5 — Extremely sensitive

5.5. If the temperature in the room drops, do you notice immediately? . Yes No
5.6. Do you feel cold even dUuring U e Y Yes No
5.7. Are you often barefoot in summer? _Yes No
5.8. Insummer, in a room with air conditioner on, when other people don’t feel cold, do you feel cold? Yes No
General Questions About Sleeping?

6.1. Do you go to sleep at almost same time every day? Yes(at .. pm) No
6.2. Do you get up at almost same time every day? e Yes(at .. am) No
6.3. Is your sleeping time almost the same every day?_ . Yes( ...l hours) No
6.4. How good is the quality of your sleep?

1-Good 2 — Moderately good 3 —Tcannotsay 4 - Somewhatbad 5 -Bad

6.5. How long does it take youto fall asleep? ... .. around ( ) minutes
6.6. Do you usually wake up during the night to go tothe totlet? Yes, around ( ) times No
6.7. Do you usually wake up during the night (other than to go the toilet)? Yes, around ( ) times No

6.8.

Do you snore?

1-Isnorealot 2-—Moderately 3 —Icannotsay 4 —1Ihardly 5T don’t snore 6 -1 don’t know
ever snore
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| Part 1 (1): Questionnaire about general health condition (Please, fill it in only once at the beginning of Week 1)

Date and time: year month day hour (am/pm) min
Room number: Name:
Age: Gender: M/F Height: cm Weight: ke

Please, circle/tick the appropriate number/answer of fill in (the brackets)
What is your nationality?
0 Japanese 0 Thai
0 Indonesian 0 Chinese
0 Malaysian 0 Indian
0  South Korean 0 German
0 Vietnamese 0 Other (please specify)
What is your ethnicity?
0 Asian 0 Indian
0 White 0 Middle Eastern
0 Black 0  Passific Islander
[0 Hispanic / Latin 0  Other (please specify)
What is your religion?
0 Shintoism O  Islam (branch, please specify)... ........... ...
0 Buddhism 0 Hinduism
0 Confucianism 0  Atheist
0  Chnstianity (branch, please specify)...... ... 0 Other (please specify)
Until this moment, how long have you been living in Japan? (e b
Ts your daily life influenced by vour religion?
0 Yes, very much
O  Yes, not that much
0 Notatall
1. General Health Condition Questions:
1.1. Have you ever had any severe illness in the past? Yes No
In case your answer is “Yes” please specify what illness: (e )
1.2. Are you suffering from some illness at the moment? Yes No
In case your answer is “Yes” please specify what 1lIness: (e )
1.3. Do you suffer from arrhythmia (irregular heart/pulse rhythm)? Yes No
2. In case you regularly practiced (in the past) any kind of sports, please describe your sports history:

Time Interval: Type of Sports Frequency of Practice
(Example: from age 20 to age 22) (Example: Kendo) (Example: once a week)
e J O ) U J
T J (e eeememrmreeeeenns ) R J
e J O ) U J

3. In case you regularly practice (now) any kind of sports, please describe:

Time Interval: Type of Sports Frequency of Practice
O J (e eeeememrmreseeens ) (e e emrmsemem s nc e s enns J
e J O — ) O J
T e ) Commmm s ) O )
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| Part 1 (2): Questionnaire about health condition during the day (Please, fill it in every day when you wake up)
Date and time: year month day hour (am/pm) min

Please, answer about your health condition TODAY. Circle the appropriate number/answer of fill in (the brackets)

1. Was your day yesterday as usual (nothing extraordinary happened)?, ... ..o, Yes No
2. Didyouhave dinner last might? _____ Yes. around ( )pm No
3. Didyoudrinklastnight? Yes No

4. Did you have a bath (shower) last night / this morning? Yes, (shower / bath) at ( ) am/pm No

5. Atwhat time did you go to bed last night? At around ) am/pm

6. At what time did you fall asleep last night? At around ( ) am/pm

7. Did you fall asleep easily or it was hard to fall asleep?

1 -1 fell asleep almost 2 — Tt took me a while to 3 —TIttook me long time to 4 — I could not sleep at all
immediately fall asleep fall asleep
8. Approximately how long did it take to fall asleep (e )
9. How good was the quality of your sleep last night?
In case your answer is (1, 2 or 3) was there a specific reason in your opinion?(_______ )
1 - Very bad 2 - Bad 3 — Somewhatbad 4 — Somewhat good 5 - Good 6 — Very good

10. Are you satisfied with the sleep last night?

1- Very 2 — Dissatisfied 3 — Slightly 4 — Slightly 5 — Satisfied 6— Very
dissatisfied dissatisfied satisfied satisfied

11. Was your sleep deep or light last night?
1 - Very deep 2 — Deep 3 — Slightly deep 4 — Slightly light 5—Light 6 — Very light

12. Approximately how many times did you wake up last light?(

13. At what time did you wake up this morning?

14. After waking up, did you feel your head clear or you were still sleepy?

1- Verysleepy 2 - Sleepy 3 — Shightly sleepy 4 — Slightly clear 5 — Clear 6 — Very clear
15. Did it cause you trouble to wake up early and not have the chance to sleepmore?(_____________ )
16. Did you have breakfast thismorning? Yes, at ( ) am No
17. Did you have some medicine this moming? Yes, (what medicine? )] No
18. Did you defecate this MOmINg T Yes No
19. How do you feel NOW?

1 - I'm feeling good 2 —Tam a bit tired 6 — 1 am very tired

20. Now, do you have symptoms of any of the following? (please, circle the appropriate answer)

Cold  Diarthea  Stomachache Headache  Nausea Soarthroat Anemia Dizziness  None of these

THANK YOU FOR PARTICIPATING IN THE SURVEY
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6.9 Do you have good quality of sleep (i.e. when you wake up you feel refreshed)?

1 - Very good 2 — Moderately 3 — T cannot say 4 — Moderately bad 5 — Very bad
good

6.10. Do you have deep sleep?

1 - Very deep 2 — Moderately 3 — I cannot say 4 — Moderately 5 — Very light sleep
deep light sleep

6.11. Do you wake up earlier than you wanted?

1 - Very often 2 - Sometimes 3 T cannot say 4 — Hardly ever 5 —Never

6.12. How do you feel after waking up

1 — Refreshed 2 - Somewhat 3 — 1 cannot say 4 —Notbad, butnot 5 — My body and
refreshed refreshed head are heavy, it is
hard to wake up

6.13. How do you usually wake up?

1-Twakeup 2-1am 3 —Someone 4-Twakeup 5-Sunlight 4-Because 5- Other
naturally using alarm calls me and  because [ or Room of the heat or
clock I wake up must go to brightness coldness of G )
the toilet the room

7. General Lifestyle Questions
7.1. How do you cool your room in summer?

1 — I quickly turn on the air 2 — I use air conditioner or electric fan 3 — I rarely need cooling
conditioner
7.2, What do youuse for COONG I b
7.3. How do you heat your room in winter?
1 -1 quickly turmn on the heater 2 — T wear as thick clothing as possible 3 — I rarely need heating
4 What do You USe Lor Meati g I

THANK YOU FOR PARTICIPATING IN THE SURVEY

147



6-1) How do you feel about the

brightness level of your room? I feel:
0O very bright

bright

slightly bright

neutral

slightly dim

dim

very dim

Oooogog

6-2) How do you find the blightness of
your room?
0 very comfortable
comfortable
slightly comfortable
slightly uncomfortable
uncomfortable
very uncomfortable

s o |

6-(3) Please state how would
you prefer to be now:

O  brighter

0 no change

0  dimmer
6- @ How do you judge the
brightness in your room?

0  Acceptable

[0  Unacceptable

7-1) How do you feel about the noise
level in your room? I feel:

very disturbing

disturbing

slightly disturbing

neutral

slightly unnoticeable
unnoticeable

not at all noticeable

Oooooog

7-2) How do you find the noise level in
your room?

0 very comfortable
comfortable
slightly comfortable
slightly uncomfortable
uncomfortable

O Y R )

very uncomfortable

7-(3) Please state how would
you prefer to be now:

[0  higher noise levels

O no change

0 lower noise levels
7-@) How do you judge the noise
level in your room?

0O  Acceptable

[0 Unacceptable

Please, mark the closest to your clothing, activity and personal control over the room environment:

CLOTHING
(circle the appropriate)

ACTIVITY %
(in the last 30 min)

Shirt, short / long sleeves

Sitting (passive work)

Door opened / closed

Trousers/ long skirt

Sitting (active work)

Window slightly open

Dress Standing relaxed Window wide open

Pullover Standing working Lights on / off

Jacket Walking outdoors Air-condition on (heat)

Long / short socks Walking indoors Air-condition on (cool)

Shoes Riding a bicycle outdoors Air-condition off

Sneakers Other (specify) ...... Fan on / off

Slippers Local heater on/ off

Other (specify) ...... Blinds open / closed
Total 100% | Other (specify) ... ...

8- During THE LAST 30 minutes have you experienced any of the following symptoms? (please, check ALL that

O O Caffeinated

apply)
0  dry, itching or irritated eyes [0  tension, irritability or nervousness
0 headache [0  pain or stiffness in back, shoulders or neck
0 sore or dry throat 0 sneezing
0  unusual tiredness, fatigue or drowsiness O  dizziness or lightheadedness
0  stuffy or runny nose, or sinus congestion [0 nausea or upset stomack
0O  cough or difficulty breathing 0  dry or itchy skin
O tired or strained eyes 0  others (please specify)
8-@ Within THE LAST 30 minutes did you eat a snack or | 8-@ Within THE LAST 30 minutes did you smoke a
meal? cigarette?
0 YES 0O YES
0 NO o0 NO
8-@ Within THE LAST 30 minutes did you have a drink | 8-&) Within THE LAST 30 minutes did you adjust your
that was:  YES /NO clothing? (if YES, please describe briefly)
O 0 HOT 0O YES
O 0 COLD 0 NO

THANK YOU FOR PARTICIPATING IN THERMAL COMFORT SURVEY
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Part 2: Questionnaire about subjective perception of indoor environment
(Please, fill it in 3 times per day — just after waking up, at noon; just before going to bed)

Date and time:

year month day

hour (am/pm) min

0 Wake up

[0 Noon

0 Gomg to bed

Environmental Conditions RIGHT NOW (perception, evaluation, preference, acceptability)

1-(1) How do you feel about the
thermal environment at this precise
moment in your room? I feel:
0  hot
warm
slightly warm
neutral
slightly cool
cool
cold

Oooooagd

1-@2) How do you find the thermal
environment of your room?

O very comfortable
comfortable
slightly comfortable
slightly uncomfortable
uncomfortable

Oooood

very uncomfortable

1-(3) Please state how would
you prefer to be now:

U warmer

0 no change

O cooler

1- @ How do you judge the
thermal environment?

0  Acceptable

0 Unacceptable

2-1) How do you feel about the

humidity in your room? I feel:
0  very humid

humid

slightly humid

neutral

slightly dry

dry

very dry

s s s o |

2-2)How do you find the humidity of
your room?

0 very comfortable
comfortable
slightly comfortable
slightly uncomfortable
uncomfortable
very uncomfortable

Y Y

2-(3) Please state how would
you prefer to be now:

0 more humid

O no change

O dryer
2- @ How do you judge the
humidity in your room?

0  Acceptable

0 Unacceptable

3-@ How do you feel about the air
movement within your room? I feel:
0 very strong movement
strong movement
slight movement

neutral
slightly still
still

very still

Oooood

3-@ How do you find the air movement of
your room?
0  very comfortable
comfortable
slightly comfortable
slightly uncomfortable
uncom fortable
very uncomfortable

s

3-(3) Please state how would
you prefer to be now:

0  stronger air movement

0  no change

0  weaker air movement
3-@How do you judge the air
movement in your room?

O  Acceptable

0 Unacceptable

4-() How do you feel about the air
quality in your room? I feel:
0  very stuffy air
stuffy air
slightly stuffy
neutral
slightly fresh air
fresh air
very fresh air

Ooooog

4-2)How do you find the air quality of
your room?
0  very comfortable
comfortable
slightly comfortable
slightly uncomfortable
uncom fortable
very uncomfortable

OoooQgo

4-(3) Please state how would
you prefer to be now:

0 more stuffy

O no change

0 more fresh
4-@How do you judge the air
quality in your room?

O Acceptable

0 Unacceptable

5-(1) How do you feel about the odours
in your room? I feel:

very strong odours

noticeable

slightly noticeable

neutral

slightly unnoticeable
unnoticeable

Oooooood

no odours at all

5-@ How do you find the odours in your
room?

very comfortable

comfortable

slightly comfortable

slightly uncomfortable

uncom fortable

very uncomfortable

Ooogoo

5-(3) Please state how would
you prefer to be now:

0 more noticeable odours

0 no change

0  less noticeable odours
5- @ How do you judge the
odours in your room?

0  Acceptable

0  Unacceptable
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| Measuring Tnstruments Status (memo field)

In case the measuring device stops recording or gets damaged in any way, please unplug the power supply and notify the

investigators AS SOON AS POSSIBLE. Take a brief note explaining the situation.

THANK YOU FOR PARTICIPATING IN THE SURVEY
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| Part 3: Sketch of the Room Layout and Place of Devices (Please, fill it in only once.)
1.

In the box, provided below, please draw a simple sketch of your room, showing the places of furniture, door and
window. Use the example sketch.

(If you find any difficulty doing that, contact the survey team and we will do it for you)

Please, refer to the example when positioning the measuring equipment. Some differences may occur depending on the
room layout. Please, place thermo-hygrometer at 1.0m height close to your desk and the anemometer (air velocity

sensor) close to your bed (the zone of the head). It is advisable the devices to be 20-30 cm away from adjacent walls to
avoid influence from the wall.

Thermo-hygrometer (Temperature/Humidity/Light)

———
Air Conditioner | RO~ A~ oirtaine ~
i ———
high on the wall LS e @
Thetmo-hygrometer ® Angriomeier
with light sensor |+~
on the desk [j”
desk lamp &
book shelf | | lamp standing
on the floor

o
o
Nal

electric fan
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Appendix D.  Set of questionnaires in Japanese
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TR (D2-609) : E-mail: h153550@edu.tutac.jp Tel: 080-1100-7799
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152



SRFZNHEA Y ERRETEHARE

J0-NIVEEFEES
IRIBAE 7 75—b

KB E DT o — M TFRO 30T v — TR ENTHET,
0 1(1): BROREICET37-r— M AERRR 1 EOHEE:LVOTHH)
0 1(2): SEDREICET37 . r—MEE. EhkiElcEE)

0 2:ENRROEHAPSICEHTZIF b

(% H. X -BETE - REMICEE)
XiEpkiE. MBI OEIER. FTRELRYEEL TS,

10 3: BEARERSI U ZHREKIRAER

(Por—MIEIETIHOEEFEE] XEES OATCBHAIZE N,

T — b ORI, AEHE EROEREORBICESE, BHEBEAITE N,
NGO, 7o r— hOBREITHESREY 30 5 E, BO0EETHRELZBZICBE <
FEE,

KT o — NI THY B EEIZ ST, ZONEOSEATOER. B=F 0k, KR
s LER AL

[=o1: 8% (50) ORECHETZ 77— Tt Slal-ogBolmepiiieE, §
B, MERCEY 2EMcEE L CEE $9,

I#=o2: ERBEEOTEPECHETS 7 r— M Tk, bhaloFsREicay+ 558#ico
WTEMLET, BB, BETA R ESTOAREEREER L oo, BRicHE L FEN,
o3 BENGERB L OHERSRN ATH] i3, HL-0REOHMY . AE#ERO
MEERCE OV THRICHIO T E 0, MIEEIRRI A S5 CIT. NEEEsEE, s
MR LGSR, BT TR, FOEERACRN Y EEECTEALTIES N,
BB MBS LB EE (o r b)) R, BEHLOMBES TA I T
HBHHEFFE,

[FAEY SRR TP E EEgAE) ]
R HC(D2-609) : E-mail: h153550@edu.tutac.jp Tel: 080-1100-7799

Vanya(D2-610) : E-mail: vaniadraganova@abv.bg
EREEFIR Hd% E-mail: ktsuzuki@ace tut.ac.jp

153



3. WE TENICEBPRAE-VELTOAK TOEESSTETAL,
A o A

4, BEOLEFICOVTESRHLET,

Do, Yol bulng 42,

1= o/ bhwys 2— 1EM ERjc®® i 3—ZZ 1 EDRHIRD

4— 1 H 20 &K% 5—1H 20~40 & 6— 1 H 40 &L L
@BEIZEA LT AR B8R E 42,

11— {fFHRw Z2—-@ic2HLA 3—-#ic3~5H 4—@iz 6 HEL E
OFET 25, —BOBRUEEH A TLET W, ( )
@HEEETHEEE LAY, HEE D T2 EBE0TTh,

1. kv 2. hfEE 3. Hv
@UARErNAL S wOMETERNLE 0?7 ( )
@1 EMOEHOERMEIEASICE 2 TENL WA LB TWETH?

LFve 2.99FU® 3EE  4evED SED

5 #BICOVWTEBLLET.
DB RBICEATTD,
13 2.0y 3.8 ldvilhy 49295 55
@B BT TT D,
Lo 2090 36 bnakly 4995w 550
BB 3T E L L HF TR,
LES# 2895 3EBLELVAARY 45T V00 Shadikv
DB 3w 2T D,
1. 295 R3Bbhwv 2. ¥FLobhbEadwmitt 3. Rwil
4, wmatk 5. 07V EERS M (2R )
OHECERENTAE LT RRLE 2L, BRI HRD T,
Tty 2w A
@ETHEIZBULCENBVETH, LIV 200ni
DEREBRCAI T Z L% nwTTD, Liwv 2oz
@FE. HEOELTET, tho A v oic,
BAPTEIABRETWAE D LEHD T, Litvy 200wz

154



01 (1): BEOREICEHT 374 — b AEMRAYT 1 BOZEE : W2 THE) |
HACER £ H B B »

HEES K4
FER: R MR Bk BE: cm  RE ke

FLBIC, L -OEE. Bk, ERICOVWTERBLET (HTREZEDNICO).
1. 54 0FERfcs»?  ( )

2.5 % ORERMTTH?
1.7 7 A 2.8AA 33BN 4.ezxszmyr/ 97y 54vFA

6.ME 7 KEHEEE 8.zoft ( )

3.5 DFREIM T ?

1./ 2468 3B 4.F¥ VR FE CRIt: )
5.4 AT LB GEik: Y 6. v Fo—F 7. EMERE
8.7mfh ( )
4.20FT, Bhar-RERCERFTFRECFEATOETH? ( )

5.5 -0HBENIL. P 0FHCLoTEELZZTTCnT 707
1..CdRFC3 244 LR%FCwE 3.24hw

HTREIBSICOMEMT. ( ) AICSSEALTTEL,
1. BRIREICODWITESBLLET.
DINFTERERABEELAZL@BPVETD, Lk 200wz
] os, BEFRAL T AT, Lidv 20wz
QHEE. »oFOBAL ZARIVETE. LI 2wz
M OBE, MELTWARAETDAL T A I, ( )
Ol U R AaBEN Lokl (RER K50 T4, Lidwn 20030 2

2. SET, BMNICERPAKE—VELEZEASNIE, ZOEHEESEE TN,
B EH OB I

(B1:  20~22 3% L (Fl: E1E

( ( (

( ( (

( ( (

155



F01 (2):SEORERICEAT3 74— (H, BE&ICEE) |
AHM:  H H

SHOBRRBIS OV THEBEASEEL,
@ FFHREERE Y OEFZTLER? Litwv 2aan g
@ PERRAFE, Y EvEE L2007 () B () 4HE
@ FEERPEEMSELAL? Liwv 2000wA
@ FERERESH, AB (v T ) LELAR?
Lo (FEE-S8D ( ) B () 48 2, BWBZ
OWER AEFE, MBI AYELA»? () K () HE
OUER I EFE, RYCEDBELED®? ( ) BF( ) 4rE
DHERRT CERELAZD?2 ZNEDEI Do TED?

L4 CIENRAE 24 LERD P o 3.7-¢ ARSI P -7 4Rl -7
@EM DIt bWIEERE 2D F Lizd? ( )
OIFEOMIEDE R Y Y T L7

LLETHFE N 28w JALEG 4PLEW 5BV 6LETHREW

MF T (1 &283) LELABE, WHFEEEEDELAR?

( )

FEE OMEIR ! R L T E 94 ?

LECTHAM 248 3P LAE 44 LEE S8R 6L Tyl
DIEY FFCHTLAEA? EATTLAR?

LEThEy 23w 3LEe 4005w S5EG 6L THIEN
@stEd, MELEELA2? () @

@4z, MEEREDE LE2? (0 ) B () 4
@EE 7fh, BERFATHELA®?

LETHEDP-7= 27 3P LER-7- 42 LHFzTwE

S5.FATwiE 6.2 THFA T
BREEEACET, b9 —EBELRTICEI»ETLA2? L 20wz
BEHEREFLAED? Ligwe (0 ) B () 48 2uni
WS, MPEERAE LA ?

Lidwvs (Yo kHaETTH? ) 200 E
B4, BHERLE LA ? Tk 20000 %
OREOHBREFL I TTH?

1.R# ZRRENTHS JFEFLENTHS
@OREOREBEREC VT, TROERESZVET2? (BTRELDIDECHEHA)
(RIRSREE - T/ - J80R - B8 - 124 - BolER - E - HF )

~T¥T=FRIBAREHINE ) T T 0E T~

156



EBIRIC DWW THESRLET,

OB, EHRE 2T, Ligw ( ) BRE 2000 E
@z AWk, BRIZIE—ETT, Lidwv ( ) REE 2R
OIEIRFFRT 2. BHIZIE—E T2,  Lidw ( ) B b 2.0n i
@EAZRLVETT 5,

LI 2%9Xn  3.XbbLdniy  4.998We 5Hn
GEM oG G bk D EFdh, ( ) b
@FE., EoTHo P4 LCfTET T, Lidw () HEHIbL 20nwi
DIE->To 6 FA VA CHED L Z 3B D 40,

Tt ( Y HL b 2030 2
(GIIOF-SF T -S4 i

LA 2295 3ELBLLLWARY 4B V0bhn

LM ARG 6.b b
O@EE, L IENET .

LECIERZ 20Eh3 3.Fbbbbviny 4B5FTVELZY SELRV
AR Y BE NS T,

L 2.92%F 0 Xl buihey 499E0 55w
O, BELILE->TWEBELIVAECHIEDZ L 8H 0 E4h,

LEICH2 2Hasbs 3.Xbo5Lbviky 4B YR 5k
@FDHEDRL Y S T,

THR 2098 3Xblbwnadhy 4BIGVET &) Liw

AR BV, FRREREL, hhAMGEE Sy
@ERLLOLICLCHEEEL 32,

1LE#KIC 2HEE L 3 A0mEUsE 4FE 504 - HE0HL X

CHEOEILEX T.20ft ( )

EFICOWTEBRLET,
CHEOSERIE L) T,
L3 w7 avmE 2272 vinEL D RERER L oNn
HEAEHELE
CHEBECIMAEERALCWETH? ( )
CROBERMNA Y S TT 2,
LT CRERE 2482~ BREEITEETHIE LBLAVEELAV
@OEECEAMEERAL ChETe? ( )

~T U= ZHHTEE RO RL S TS E T~

157



T-Ohifits, BROBRETEORERE

T @EEDBEIZYNTEI LT ET

TS5 OREF Y ELILEAFVTT

P A - WY, 0 rThiEE 537
0 rUhRICAES 0 feE 0 *z<Lfwn
0 &iz#iesd 0 RoRofE 0 #0%F
0O =Rk 0 KRR O shaliEn
0 YboThawn u] RS
0 HEVREIZARLAW ] ETH AR T &5 OREEHFETEE TN
O SRizksin i FETE B
0 &<LRABAEN 0 HECE LN
TEOSTREIHBICF V2 (SLOSORE. -BEEY -BEAMICT>TVBSEZEORRSE)
4 Ok H ¥ o158 Yo
(BTiRELsLDIZO) (EATD 30 BRTZ20T)
v V% (ZEEHD) FT&RT5 /5
B ¥ % (TRE]) DFICEEBT D
ARra AR — h SIS TS RELSEBEEMIT S
Rl Mo TEELTVD B ERIT A HT
AN—J—4H (B—&%—) BAEHFNTNA 7 arvBERE)ERT S
A ERNEHNTND T A (IERE)E R D
EUVELT BACTHEN A PITED =7 avEET
BT F Ot ( ) RESEE ST 5T
Ly EEaE s s T
Am— T REEar 2T
AN woss BT ERTE DS
F il ( ) FOfth ( )
Total 100%

8-@ : ERIO 30 BN T, TREOEROWThIEBBRLE LA GEE 2002 TIZ0)

O HOREME, b, fillK 0 BEZEEATATTS

O 5AM O &, FH. Hhaomaxiiisy

O Mok, X 0 <L2x&HETS

O &THELTHSE, By 0 HEW», SbEET5

0 &3F0, SkBPHD 0O mxEsT2

O DZEASHD, FRERASE L 0 WO »Hdpi

0 HAMELTND O Fofth( )
$-@ : HATD 30 REIC, BEFLAEZEDELE | @ : EHATO 30 oM, i 2\vvE Lisdy?
7 O &

o v 0O Wi

0 Wiz
3@ : EfI® 30 HEC, BAMEBRLELEN2?2E |36 : HATO 30 I, BREBEBEZELEM (3
hiIRo L e3h»? WO, BEICERIA LT EEVY)

I ATIIANAS-4 O F&v ( )

O O &an O Wi

o O #fzw

O 0O #7xA 8

~T U= IBAVEREHVBL 5 T8 WET~

158




Ro2: EHEROIBNEICHTI7Z r— (B0, BEE-B-REN CEE)

( FERR{E

FOABRE A 5]

BETE - zifEA] )

T ENPZEOTHATI LS,
STREBABICF IV IEBAL TS,

S, AROEETHLITHWABRRICOVWTEMIIBEA ES 0,

ul

OO oOoooo

1- eSS, BROBRILED L) R
R &R L TWE T2

20

BEAs
PRBEDN
EuLThin
R L
LW

EN

1-@EENCBREBEIZOVWTEIBETVET

n3?
a

Oooooo

ETHIRE
fe
oo
BT
ik
ETHFR

1-DEORBABRELEOIIEXANER
WEF AP

0 BsdLEn

0 *oOFxFETrwn

O #HELLLEW

1G5 ORBBREFECEE T
u] TETED
0 FETEAN

2-MkH7aids, BRADEELEOREDTE

BREELTVET A
0 &tThiE-Tw3
0 E-Tn3
0 =@sTnag
0o EhoTehin
0 RPERELTWD
O FELTW3
O LUHLEELTWD

2@BEECREILONTE IR L TET A

a
a
a
a
o
a

EThRE
fRiE

R RORiE
R TR
TR
LTHRER

2QEOREFELOIZEAT W EBNE

dhs2:
O MEL7=wn
0 #OFFETCEN
0 BEEL~EW

2BDEDBEEFHFE TR T2
0 #HETED
0 #HFETEHZL

3-Whizizits ., BRORBREOROES T LR
CBVE LR LTV ET A

FBEEOERICOVT E SR TV ETH?

a
a
a
o
a
a

ETHRE
fesd
R
AR
Atk
LT

MAEOEMEELOILEAT W EBE
R

O 3 Lizw
0 #OFETEW
O <Liw

3BDEOEMEFETE T2
0o #HFECTED
0 #HFETEHZL

1-BEEOEEOHEIZSWTE SBLTHE

33

o

ooooaono

ETHRE
T
RO
BT
TR
ETH TR

4-PEOBEROEET EOREEZZT
TH2

O #eok LAEZERIC Lz

0O #oxEcin

0 FgERERiCLizw

L BEDEROEEIFETEE T
0o #HETED
0 #ETERN

0O &ThiEn

o n

0 4Lk

0 EhoThin

0o 4L

o

0 &THHF
4+-Mpieizitsd . BROBZELEORBEDER
DEEZBE LTV ETH?

O LTHLEELWY

o EBELWw

O =R TAs

0 Yhorehin

0 =ik

[ .3

0 &THRE
S Mhbikizits. BROBZEILEOREOR
2R TWET?

0O LThRERD (ETHED)

0o &ihd

0O PRICkED

0 EhoThin

0 HEVRITALAEWL

0 RiZAGRN

0 &LRkbleWwE<L R

S@REENEROEVZONTE SBLTWE

33

a

oooood

EThRE
it
oo
B
Tk
BT

S-PEDRNEELBIZEX I TT
Ha

O EBVWEELEZW

0 +oFEcin

0 MRz Lz

S@EDRVITETEETH?
0 #ETED
o #HETEHW

u]

n]
u]
0
0
0
B]

6-Wdb7etiis, BROEEOHRD S L
DVE LB TWETAY

ETHHZIN
Hon
RHD N
EhsThie
RoREE

A
ETHEEN

6-QEZEOHI IZONWTEIRLETNET

53?2
a

ooooao

T i
=
RopH
B
Fhk
ETHTR

6-REDOHBIELELLIZEATLNEEN
FF A

O H#HAJILEW
0o #oFEECTLn
0 mLizw

6-BE DL SEHFTEETTN?
il HETED
o #HFETELW

159



T |
HIEGEH IR, D L BRESIERBL A0 A, Z0REARA LR AEHRICEEAL
TLEE

160



N3 :EEREREEH

1. »h-ORENOFKEDOIELR L%, Hle2BEICRHNITHVTLZ S v,

2. MEBEROMBLEIICOVWTHHESEICTALTLFE W,
AR AN

1 I
b 13 NAAANAY
Tras TTh- W
$5kit 1o owrd i
Ve 72 ’ L o
k) :D (Belng—~__
2 =S
A =
— e
#

161




Appendix E.  Lists of garments and activities used

Appendix Table E-1 List of garments used in the questionnaire and the clo values assigned (summer stage)

Garment clo Garment clo Garment clo

Shirt (short sleeves) 0.19 Pullover 0.36 Shoes 0.07
Shirt (long sleeves) 0.25 Jacket 0.36 Sneakers 0.07
Trousers / long skirt 0.15 Long socks 0.03 Slippers 0.03
Dress 0.33 Short socks 0.02 Other 0.57

Appendix Table E-2 List of garments used in the questionnaire and the clo values assigned (winter stage)

Garment clo Garment clo Garment clo

Shirt (short sleeves) 0.19 Pullover 0.36 Shoes 0.07
Shirt (long sleeves) 0.25 Jacket 0.44 Sneakers 0.07
Trousers / long skirt 0.24 Long socks 0.03 Slippers 0.03
Dress 0.47 Short socks 0.02 Other 0.72

Appendix Table E-3 List of activities used in the questionnaire and the Met values assigned (summer and winter stage)

Wording in ASHRAE handbook (Chapter 9, Table 4)

Activity Met
Sitting (passive work) 1.0
Sitting (active work) 1.2
Standing (relaxed) 1.2
Standing (working) 2.7
Walking outdoors 2.6
Walking indoors 1.7
Riding a bicycle 4.0
Other activity indoors 1.0

Office activities — reading seated; writing

Office activities — filing seated

Resting — standing, relaxed

Miscellaneous Occupational Activities: housecleaning

Walking (on level surface) 4.3 km/h

Office activities: walking about

Bicycling <16 km/h. general, leisure to work or for pleasure

Resting — seated, quiet

NOTE: The questionnaires distributed to the subjects contained a short list of activities and the subjects were asked to mark the

percentage of each activity within the last 30 minutes prior to the vote. The percentages should add up to 100. Whenever the

subjects did not fill in anything in the activity section, 100% of the activity was assigned as “other activity indoors”. The outdoor

activities in the list were with the purpose to determine whether the subjects had spent the required 30-minute period inside their

rooms prior to the vote. The votes with more than 10 minutes outdoor activity were excluded from the following calculations as

they suggest that the subjects stayed in their rooms prior to the vote less than 20 minutes. This time is considered insufficient for

adjustment to the indoor environment conditions and cannot guarantee providing a reliable answer.

12 https://community.plu.edu/~chasega/met.html
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Appendix F. Indoor vs. outdoor at extended neutral sensation in summer and winter
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Appendix Figure F-1 Indoor and outdoor temperature at TSV (-1, 0, +1): a) Percentage distribution of Tn in summer; b) Percentage

distribution of T in winter; c) Correlation Tn : Tou at vote in summer; d) Correlation T : Tout at vote in winter.
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Percentage distribution of RHx in winter; ¢) Correlation RHx : RHo at vote in summer; d) Correlation RHx : RHo at vote in winter.
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Appendix G. Summer and winter distribution of thermal responses in AC mode
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Appendix Figure G-1 Frequency distributions of thermal responses in summer and winter when using air-conditioning; a) TSV:Tout;

b) TC:Tout; ¢) TP:Tout; d) No-AC mode TA:Tou; All numerical values the figure, are in Appendix O.
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Appendix H. Summer and winter distribution of thermal responses in no AC mode
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Appendix Figure H-1 Frequency distributions of thermal responses in summer and winter when not using air-conditioning; a)

TSV:Tou; b) TC:Tous; €) TP:Tou; d) No-AC mode TA:Tou; All numerical values in the figure, are in Appendix O.
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Appendix I. Summer distribution of thermal responses in AC and no AC mode
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Appendix Figure I-1 Frequency distributions of thermal responses in summer; a) TSV:Tout; b) TC:Tout; ¢) TP:Tout; d) No-AC mode
TA:Tou; All numerical values displayed in the figure, are in Appendix O
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Appendix J. Summer distribution of thermal responses in AC mode
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Appendix Figure J-1 Frequency distributions of thermal responses in summer when using air-conditioning; a) TSV:Tout; b) TC: Tout;

¢) TP:Tout; d) No-AC mode TA:Tou; All numerical values displayed in the figure, are in Appendix O.
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Appendix K. Summer distribution of thermal responses in no AC mode
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Appendix Figure K-1 Frequency distributions of thermal responses in summer when not using air-conditioning; a) TSV:Tout; b)

TC:Tout; ¢) TP:Tout; d) No-AC mode TA:Tout; All numerical values displayed in the figure are in Appendix O.
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Appendix L. Winter distribution of thermal responses in AC and no AC mode
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Appendix Figure L-1 Frequency distributions of thermal responses in winter when using and not using air-conditioning; a)

TSV:Tout; b) TC:Tout; ¢) TP:Tout; d) No-AC mode TA:Tou; All numerical values in the figure, are in Appendix O.
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Appendix M. Winter distribution of thermal responses in AC mode
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Appendix Figure M-1 Frequency distributions of thermal responses in winter when using air-conditioning; a) TSV:Tout; b) TC: Tout;

¢) TP:Tout; d) No-AC mode TA:Tou; All numerical values displayed in the figure, are in Appendix O.
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Appendix N. Winter distribution of thermal responses in no AC mode
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Appendix Figure N-1 Frequency distributions of thermal responses in winter when not using air-conditioning; a) TSV:Tou; b)

TC:Tout; ¢) TP:Tou; d) No-AC mode TA:Tou; All numerical values displayed in the figure, are in Appendix O.
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Appendix O. Percentage distribution of thermal responses to Tout

Appendix Table O-1 Descriptive statistic: Thermal responses in relation to outdoor temperature (summer and winter)

TA AC mode
T, TSV (N=720) TC (N=720) TP (N=720) (N=720) (N=720)
3 2 -1 0 1 2 3 302 - 1 2 3 100 1 0 1 AC FR
-3 0 0 25 50 0 25 O 0 0 25 50 25 0 0 25 75 100 O 0 100
-2 0 0 40 10 10 40 O 0 10 30 50 10 0 80 20 100 O 30 70
-1 11 11 11 5 0 11 0 11 11 11 22 44 0 0 44 56 78 22 22 78
0 0 13 50 13 13 13 0 0 0 19 38 44 0 0 56 44 94 6 50 50
1 8 4 15 27 31 15 O 0 8 8 31 54 0 0 77 23 92 8 19 81
2 17 6 20 17 9 31 0 3 6 26 20 46 0 3 54 43 89 11 37 63
3 27 9 20 16 20 9 O 4 16 31 20 29 O 0 36 64 82 18 58 42
4 18 14 16 18 23 11 0 0 11 30 16 41 2 5 45 50 86 14 48 52
5 12 8 23 15 23 19 0 0 4 35 15 42 4 4 50 46 % 4 58 42
6 0 41 12 12 35 O 0 0 24 41 24 6 0 35 65 88 12 47 53
7 18 9 27 18 9 18 0 0 9 27 36 18 9 0 45 55 82 18 36 64
8 10 5 15 25 30 15 O 0 10 10 25 55 0 5 55 40 90 10 45 55
9 0 22 33 22 22 O 0 0 0 33 33 33 0 0 44 56 100 O 56 44
10 17 0 17 33 17 17 0 0 0 17 67 17 O 17 33 50 100 O 100 0
11 0 0 43 29 29 0 0 0 0 0 14 71 14 0 57 43 100 O 57 43
12 0 50 0 50 0 0 0 0 50 50 O 0 50 50 100 O 0 100
13 20 0 40 O 20 20 O 0 20 0 0 60 20 0 40 60 80 20 40 60
14 0 0 20 20 60 O 0 0 0 0 40 40 20 0 60 40 100 O 60 40
15 0O 0 0 67 33 0 0 0 0 0 67 0 33 0 100 O 100 O 33 67
16 o 0 o O o0 o0 o0 0 0 0 0 0 0 0 0 0 0 O 0 0
17 o o0 o0 O O o0 o 0 0 0 0 0 0 0 0 0 0 O 0 0
18 0O 50 0 50 O 0 0 0 0 0 50 50 0 0 100 O 100 O 100 0
19 o 0 0 100 0 0 O 0 0 0 100 O 0 0 100 O 100 O 100 0
20 0 25 25 0 25 25 O 0 0 0 50 50 0 0 100 O 100 O 75 25
21 0 29 29 29 14 0 0 0 14 14 43 29 14 71 14 100 O 43 57
22 0 12 31 31 14 2 10 0 8 8 35 49 0 24 71 4 % 4 69 31
23 2 2 24 36 17 14 5 0 2 19 14 57 7 33 62 5 98 2 76 24
24 0o 7 10 30 27 20 7 0 0 27 40 33 O 43 53 3 100 O 83 17
25 4 9 26 48 4 0 0 0 13 43 39 4 43 35 22 91 9 70 30
26 2 14 20 18 30 16 O 0 4 18 24 50 4 42 50 8 98 2 54 46
27 2 2 17 27 39 7 7 0 7 25 34 31 3 54 42 3 95 5 64 36
28 3 6 25 31 14 17 6 0 6 11 31 50 3 47 47 6 94 6 58 42
29 0 6 15 32 26 9 12 0 12 6 41 41 O 53 44 3 97 3 50 50
30 0 3 17 10 40 13 17 0 17 27 33 23 0 60 30 10 90 10 67 33
31 0 0 7 29 14 29 21 7 21 7 43 21 0 64 29 7 86 14 86 14
32 0 14 14 14 57 O 0 0 0 14 43 43 0 29 71 O 86 14 43 57
33 0 0 25 38 25 13 0 0 13 13 63 13 0 63 38 0 88 13 50 50
34 0o 0 25 17 25 25 8 0 0 50 33 17 O 67 33 O 100 O 67 33
35 0 0 0 0 38 50 13 13 0 13 50 25 0 75 25 O 88 13 75 25
36 o o0 0O 0O 0 100 O 0 0 100 O 0 0 100 O 0 100 O 100 0
37 0 0 0 0 50 0 50 0 50 50 0 0 0 100 O 0 50 50 50 50
38 o 0 0O O 0 100 O 0 0 0 100 O 0 0 100 O 100 O 100 0
6 8 20 23 25 14 4 1 7 19 30 40 3 27 50 23 93 7 57 43

Note: The table presents the distribution of summer and winter data points in percent (%) of raw total, where To: Outdoor air
temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accepta-

bility vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning
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Appendix Table O-2 Descriptive statistic: Thermal responses in relation to outdoor temperature (summer and winter) AC mode

TA AC m
. TSV (N=310) TC (N=310) TP(N=310) (3100 (1$=3f(()1)e
3 2 1 0 1 2 3 3 2 4 1 2 3 1 0 1 0 1 AC FR
3 0O 25 50 0 25 0 0 O 25 50 25 0O 0 25 75 100 0 100 O
2 0 29 14 14 43 0 0 O 14 14 710 0 O 8 14 100 0 100 O
-1 0O 14 70 0 14 0 0 O 14 29 5 0 O 57 43 100 0 100 O
0 0 38 13 25 25 0 0 O 25 75 0 0 75 25 100 0 100 0
1 10 0 10 24 38 19 0 0 10 0 33 5 0 0 8 19 90 10 100 0
2 9 5 9 23 14 41 0 0 9 14 14 6 0 0 68 32 91 9 100 0
3 16 5 21 11 37 11 0 0 11 37 16 37 0 0 37 63 8 16 100 0
4 4 4 17 17 43 13 0 O 4 22 4 6 4 4 65 30 91 9 100 0
5 9 9 18 9 27 27 0O 0O 9 18 18 5 O 9 64 27 91 9 100 O
6 0 4 0 11 4 0 0O O O 33 44 11 11 0 11 8 8 11 100 0
7 0 14 43 14 0 29 0 0O 0 29 43 29 0 0 57 43 8 14 100 0
8 0 9 18 9 45 18 0 O O 9 18 73 O O 64 36 100 0 100 0
9 0 25 25 0 5 0O O O O 25 5 25 0 0 50 5 100 0 100 0
0 o 0o 0O O O O O o0 O O O O O 0 0 O 0 0 100 0
11 o0 O0 33 0 67 0 O 0 O O 0 1200 0 0 67 33 100 0 100 O
12 0 0 5 0O 5 0 0O O 0 0 5 5 0 0 5 5 100 0 100 0
13 33 0 0 0 33 33 0 0 33 0 0 33 33 0 67 33 67 33 100 0
4 0 0 5 0 5 0 0O 0 O O 5 5 0 0 5 5 100 0 100 0
15 0 0 0O 5 5 0 0 0 0 O 5 0 5 0 100 0 100 0 100 0
% 0o 0 0O 0O 0O 0O O 0 O O O O O 0 0 0O 0 0 100 0
7 o 0o 0O 0O 0O O O o0 O O O O O 0 0O O 0 0 100 0
18 o0 0 0 O O O O o0 O O O0O O O 0 0O O 0 0 100 0
9 0o 0 0 0O 0O 0O O ©O0O O O O O O 0 0 O 0 0 100 0
20 0 100 0 0 0 0O O O O O O 100 0 0 100 0 100 0 100 O
2000 50 25 25 0 0 O O O O O 5 5 0 75 25 100 0 100 0
22 0 13 33 27 27 0 O O O 7 20 73 0 20 8 O 100 0 100 0
22 10 0 30 40 20 0 O O O 10 O 8 10 20 70 10 100 0 100 0
24 0 40 O 20 40 0O O O O 40 20 40 O 40 60 O 100 0 100 0
25 14 29 14 0 29 14 0 O 0 29 0 57 14 43 57 0 100 0 100 0
26 4 22 30 4 26 13 0 0 0 17 22 52 9 43 48 9 100 0 100 0
27 5 5 24 29 19 14 5 0O 5 24 338 29 5 48 48 5 90 10 100 0
28 7 13 27 20 13 13 7 0O 0 27 33 33 7 53 40 7 93 7 100 0
29 0 12 18 41 24 0 6 O 6 6 41 47 0 35 5 6 94 6 100 0
30 0 10 50 10 20 10 0O O 10 10 20 6 0 20 70 10 100 O 100 0
3 0 0 5 5 0 0 0 0 O 0 200 0 50 50 0 100 0 100 0
32 0 25 25 25 25 o 0 o0 50 50 0 0 100 O 100 0 100 0
33 0 0 25 25 50 0 0O 0 O 75 25 0 50 50 0 100 0 100 0
3 0 0 5 0O 0 5 0O 0 0 5 0 5 0 5 5 0 100 0 100 0
33 0 0 0 0 5 0 5 5 0 0 50 0 50 5 0 50 50 100 0
3 0 0 0 0O 0 0 O 0 O 0o 0 0 0 0 0 0 0 100 0
3 0 0 0 O O O 100 0 100 0 0 0 O 100 0 0 100 0 100 0
3 0 0 0 0O 0 0O O O O O O O O 0 0 O 0 0 100 O
5 10 22 20 27 15 2 O 4 16 24 52 4 18 59 23 94 6 100 0

Note: Distribution of data points in AC mode (summer and winter) in percent (%) of raw total, where To: Outdoor air temperature
(°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal acceptability vote, AC

mode: Air conditioning mode, FR: Free running mode (without using air conditioning
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Appendix Table O-3 Descriptive statistic: Thermal responses in relation to outdoor temperature (summer and winter) no-AC mode

I TSV (N=410) TC (N=410) TP (N=410) (szl 0 ‘?15:‘;‘;’3;

3 2 1 0 1 3 03 2 1 2 3 1 0 1 0 1 AC FR
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
2 0 0 67 0 0 33 0 0 67 0 33 0 67 33 100 O 0 100
1 50 5 0 0 0 0 O 5 5 0 0 0 O 0 0 1200 0 100 0 100
0 0 25 63 13 0 0 0 0O 38 50 13 0 0 38 63 8 13 0 100
1 0 20 40 40 0O O O O O 40 20 40 O 0 60 40 100 O 0 100
2 31 8 38 8 0 15 0 8 46 31 15 0 8 31 62 8 15 0 100
3 35 12 19 19 8 8 0 8 19 27 23 23 0 0 35 65 8 19 0 100
4 33 24 14 19 0 10 0O O 19 38 29 14 O 5 24 71 8 19 0 100
5 13 7 27 20 20 13 0 0O O 47 13 33 7 0 40 60 100 O 0 100
6 0 38 25 13 25 0 0 O 13 13 38 38 0 0 63 38 8 13 0 100
7 50 0 25 25 0 0O 0 25 25 25 0 25 0 25 75 75 25 0 100
8 22 0 11 44 11 11 0 0 22 11 33 33 0 11 44 44 78 22 0 100
9 0 20 40 40 0O O O O O 40 20 40 0O 0 40 60 100 O 0 100
10 17 0 17 33 17 17 0 0 O 17 67 17 0 17 33 50 100 O 0 100
11 O0 0 5 5 0 0 0 0 0 0 25 5 25 0 50 50 100 0 0 100
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
13 0 0 100 0 0 0 O O 0 O 100 0 0 100 100 0 0 100
4 0 0 O 33 67 0 O 0 O O 33 33 33 0 67 33 100 O 0 100
15 0 0 O0 100 0 0 O 0O 0 O 100 0 O 0 100 0 100 O 0 100
66 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 100
7 0 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 100
18 0 5 0 5 0 0 0 0 0 O 5 50 0 0 100 0 100 O 0 100
9 0 0 O0 100 0 0 0O O 0 0 1200 0 0 0 100 0 100 0 0 100
20 0 0 33 0 33 33 0 0 0 0 67 33 0 0 100 0 100 O 0 100
2000 0 33 33 33 0 0 0O O 33 33 33 0 33 67 0 100 O 0 100
2 0 12 29 32 9 3 15 0 12 9 41 38 0 26 68 6 94 6 0 100
22 0 3 22 33 16 19 6 0O 3 22 19 5 6 38 5 3 97 3 0 100
24 0 0 12 32 24 24 8 0 0 24 44 32 0 44 52 4 100 O 0 100
25 0 0 6 38 5 0 O O O 6 63 31 0 44 25 31 8 13 0 100
26 0 7 11 30 33 19 0 O 7 19 26 48 0 41 52 7 96 4 0 100
27 0 0 13 26 50 3 8 O 8 26 32 32 3 58 39 3 97 3 0 100
286 0 0 24 38 14 19 5 0 10 0 29 62 0 43 5 5 95 0 100
29 0 0 12 24 29 18 18 0 18 6 41 35 0 71 29 0 100 0 100
30 0 0 10 50 15 25 0 20 35 40 0O 8 10 10 8 15 0 100
31 0 o0 25 17 33 25 8 25 8 50 8 O 67 25 8 8 17 0 100
32 0 0 0 0 100 O 0 0 33 33 33 0 67 33 0 67 33 0 100
33 0 0 25 50 0 25 0O O 25 25 5 O O 75 25 0O 75 25 0 100
34 0 0 13 25 38 13 13 0 O 50 50 0O 75 25 0 100 O 0 100
3 0 0 0 0 33 67 0O 0 O 17 67 17 0 8 17 0 100 0 100
3 0 0 0 0 O0 100 0 0 O 100 0 0 O 100 0 0 100 0 100
3 0 0 0 O0 1000 0O O O 100 0 0 O 1200 0 0O 0 100 0 100
3 0 0 0 0 O0 100 0 O O 0 100 0 O 0 100 0 100 O 0 100

7 6 19 26 23 13 6 1 9 22 35 31 2 0 38 63 92 8 0 100

Note: Distribution of data points in no-AC mode (summer and winter) in percent (%) of raw total, where Tout: Outdoor air temper-
ature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal acceptability vote,

AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix Table O-4 Descriptive statistic: Thermal responses in relation to outdoor temperature (summer)

- TSV (N=420)) TC (N=420) TP (N=420) (szzf)) ?15:‘;‘;%"'
3 2 -1 0 1 2 3 3 2 4 1 2 3 -1 0 1 0 1 AC FR
-3 - - - - - - - - - - - - - - - - - - - -
2 - - - - - - - - - - - - -
1 - - - .o o - - - .o - - - - - - -
0 - - - - - - - - - - - - - - - - - - - -
1 - - - - - - - - - - - - - - - - - - - -
2 - - - - - - - - - - - - - - - - - - - -
3 - - - - - - - - - - - - - - - - - - - -
4 - - - - - - - - - - - - - - - - - - - -
5 - - - - - - - - - - - - - - - - - - - -
6 - - - - - - - - - - - - - - - - - - - -
7 - - - - - - - - - - - - - - - - - - - -
8 - - - - - - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - - - - - - -
0 - - - - - - .- - - - - - -
o o- - - - - - e - - - - - - -
6 - - - - - - - - e - - - - - - -
18 0 50 0 50 0 0O 0 0 5 5 0 0 100 0 100 0 100 O
19 0 0 0 100 0 O 0 0 1200 0 O 0 100 0 100 0 100
20 0 25 25 0 25 25 O 0 0 0 5 5 0 0 100 0 1200 0 75 25
200 0 29 29 29 14 0 O 0O 0 14 14 43 29 14 71 14 100 0 43 57
22 0 12 31 31 14 2 10 0 8 8 35 49 0 24 71 4 9 4 69 31
23 2 24 36 17 14 5 0O 2 19 14 5 7 33 62 5 98 2 76 24
24 0 10 30 27 20 7 O 0 27 40 33 0 43 53 3 100 0 83 17
25 4 9 9 26 48 4 0 0 0 13 43 39 4 43 35 22 91 9 70 30
26 2 14 20 18 30 16 O 0O 4 18 24 50 4 42 50 8 98 2 54 46
27 2 2 17 27 39 7 7 0O 7 25 34 31 3 54 42 3 95 5 64 36
28 3 6 25 31 14 17 6 0O 6 11 31 50 3 47 47 6 94 6 58 42
29 0 6 15 32 26 9 12 0 12 6 41 41 0 53 44 3 97 3 50 50
30 0 3 17 10 40 13 17 0 17 27 33 23 0 60 30 10 90 10 67 33
31 0 0 7 29 14 29 21 7 21 7 43 21 0 64 29 7 8 14 8 14
32 0 14 14 14 57 0 O 0O 0 14 43 43 0 29 71 0 8 14 43 57
33 0 0 25 38 25 13 0 13 13 63 13 0 63 38 0 8 13 50 50
34 0 0 25 17 25 25 0 50 33 17 0 67 33 0 100 0 67 33
335 0 0 0 38 50 13 13 0 13 5 25 0O 75 25 O 8 13 75 25
3 0 0 0 0 0 100 O O 0 100 0 0O 0 100 0 0 100 0 100 O
3 0 0 50 0 50 0 50 50 O 0 100 0 0O 5 50 50 50
38 0 0 0 0 0 100 0 0 100 0 O 0 100 0 100 0 100 O
1 7 19 26 27 13 0 18 33 40 3 45 49 6 95 5 65 35

Note: Distribution of summer data points when using and not using air conditioning in percent (%) of raw total, where To: Outdoor
air temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accept-

ability vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix Table O-5 Descriptive statistic: Thermal responses in relation to outdoor temperature (summer) AC mode

I TSV (N=145)) TC (N=145) TP (N=145) (NZf:‘S) ?IS:‘;‘:;')"'
3 2 41 0 1 2 3 3 2 414 1 2 3 -1 0 1 0 1 AC FR
3 - - - - oo - - - - - - - - - - - -
2 - - - - .. - - - - - - - - - - - - -
-1 - - - .o - - - - - - - - - - - - -
0 - - - - - - - - - - - - - - - - - - - -
1 - - - - - - - - - - - - - - - - - - - -
2 - - - - - - - - - - - - - - - - - - - -
3 - - - - - - - - - - - - - - - - - - - -
4 - - - - - - - - - - - - - - - - - - - -
5 - - - - - - - - - - - - - - - - - - - -
6 - - - - - - - - - - - - - - - - - - - -
7 - - - - - - - - - - - - - - - - - - - -
8 - - - - - - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - - - - - - -
0 - - - - - . - - - - - -
7 - e - - - - - - - -
% - - - - - - - - - .o - - .- - -
18 - - - - - - - e .o - - - - - -
9 - - - - - - e - - - - - - - -
20 0 100 0 0 0 0O O O 0O O 100 © 0 100 0 100 0 100 O
20 0 50 25 25 0 0 0 O 0O 0 50 50 75 25 100 0 100 0
2 0 13 33 27 272 0 O O O 7 20 73 0O 20 8 0 100 0 100 0
22 10 0 30 40 20 0 0O O O 10 0 8 10 20 70 10 100 0 100 0
24 0 40 0 20 40 O O O O 40 20 40 O 40 60 O 100 0O 100 0
25 14 29 14 0 29 14 0 O O 29 0O 57 14 43 5 0 100 0 100 0
26 4 22 30 4 26 13 0 0 0 17 22 52 9 43 48 9 100 0 100 0
27 5 5 24 29 19 14 5 O 5 24 38 29 5 48 48 5 90 10 100 0
26 7 13 27 20 13 13 7 0O O 27 33 33 7 53 40 7 93 7 100 0
29 0 12 18 4 24 0 6 0O 6 6 41 47 0 35 5 6 9% 6 100 0
30 0 10 50 10 20 10 0O O 10 10 20 60 O 20 70 10 100 O 100 O
3 0 0 5 5 0 0O 0O 0 O 0 O 100 0 5 5 0 100 0 100 0
32 0 25 25 25 25 o 0 o0 50 50 0 0 100 0 100 0 100 O
33 0 0 25 25 50 0 O O O O 75 25 0 5 50 0 100 0 100 0
34 0 50 0 0 5 0O 0 O 5 0 5 0 5 5 0 100 0 100 0
33 0 0 0 50 0 50 5 0 0 0 5 0 5 5 0 50 5 100 0
36 100 0
3 0 0 0 0O 0O O 100 0 100 0 0 0 O 100 0 0 100 0 100 0
38 100 0
3 14 27 21 22 8 3 1 3 16 25 5 6 37 58 6 97 3 100 0

Note: Distribution of summer data points when using air conditioning for cooling in percent (%) of raw total, where To: Outdoor
air temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accept-

ability vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix Table O-6 Descriptive statistic: Thermal responses in relation to outdoor temperature (summer) no AC mode

. TSV (N=275)) TC (N=275) TP (N=275) (N:?75) ‘?15:';‘;’;1;
3 2 414 0 1 2 3 3 2 44 1 2 3 1 0 1 0 1 AC FR
-3 - - - - - - - - - - - - - - - - - - - -
2 - - - ... - - - - - - - - - - - - -
-1 - - - - o - - - - . - - - - - -
0 - - - - - - - - - - - - - - - - - - - -
1 - - - - - - - - - - - - - - - - - - - -
2 - - - - - - - - - - - - - - - - - - - -
3 - - - - - - - - - - - - - - - - - - - -
4 - - - - - - - - - - - - - - - - - - - -
5 - - - - - - - - - - - - - - - - - - - -
6 - - - - - - - - - - - - - - - - - - - -
7 - - - - - - - - - - - - - - - - - - - -
8 - - - - - - - - - - - - - - - - - - - -
9 - - - - - - - - - - - - - - - - - - - -
0 - - - - - - - .o - - - - - -
7 - - .o - - - - - -
6 - - - - - - - - e - - - - - - -
18 - 50 50 0 0 0 0 0 5 5 0 0 100 0 100 0 0 100
9 - o0 100 0 0 O 0O 0 0 100 0 O 0 100 0 100 0 0 100
20 - 0 33 0 33 33 0 0 0 0 67 33 0 0 100 0 100 O 0 100
200 - 0 33 33 33 0 0 0O 0 33 33 33 0 33 67 0 100 O 0 100
2 - 12 29 32 9 3 15 0 12 9 41 38 0 26 68 6 94 6 0 100
22 - 3 22 34 16 19 6 0 3 22 19 50 6 38 5 3 97 3 0 100
24 - 0 12 32 24 24 8 0 0 24 44 32 0 44 5 4 100 O 0 100
25 - 0 6 38 5 0 0 0 0 6 63 31 0 44 25 31 88 13 0 100
26 - 7 11 30 33 19 0 0 7 19 26 48 0 41 52 7 9% 4 0 100
27 - 0 13 26 50 3 8 0O 8 26 32 32 3 58 39 3 97 3 0 100
28 - 0 24 38 14 19 5 0 10 0 29 6 0 43 5 5 95 0 100
29 - 0 12 24 29 18 18 O 18 6 41 35 0 71 29 0 100 0 100
30 - o0 10 50 15 25 0 20 35 40 0 8 10 10 8 15 0 100
31 - o0 25 17 33 25 8 25 8 50 0 67 25 8 8 17 0 100
2 - o0 0 100 0 O 0O 0 33 33 33 0 67 33 0 67 33 0 100
33 - 0 25 50 0 25 0 0 25 25 50 0 75 25 0 75 25 0 100
3 - 0 13 25 38 13 13 0 O 50 50 0 75 25 0 100 0 100
35 - 0 0 33 67 0 0 0 17 67 17 0 8 17 0 100 0 100
3% - 0 0 0 100 0 0O 0 100 0 0 0 100 0 0 100 0 100
3 - 0 0 100 0 O 0O 0 100 0 0O O 100 0 0 0 100 0 100
38 - 0 0 0 100 0 0 0 0 100 0 O 0 100 0 100 O 0 100
- 3 15 28 30 15 9 0 8 19 38 34 1 49 45 6 94 6 0 100

Note: Distribution of summer data points when not using air conditioning in percent (%) of raw total, where To: Outdoor air

temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accepta-

bility vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix Table O-7 Descriptive statistic: Thermal responses in relation to outdoor temperature (winter)

. TSV (N=300)) TC (N=300) TP (N=300) (N:;‘;m) ?IS:‘;‘(‘;&"‘
3 2 1 0 1 2 3 3 2 44 1 2 3 14 0 1 0 1 AC FR
3 0 0 25 5 0 25 - 0 0 25 5 25 0 0 25 75 100 O 0 100
2 0 0 40 10 10 40 - 0 0 10 30 50 10 0 8 20 100 0 30 70
4 11 11 11 5 0 11 - 11 11 11 22 44 0 0 44 56 78 22 22 78
0 13 50 13 13 13 - 0 19 38 4 0 0 56 4 94 6 50 50
1 8 4 15 27 31 15 - 0O 8 8 31 54 0 0 77 23 92 8 19 81
2 17 6 20 17 9 31 - 3 26 20 46 0 3 54 43 89 11 37 63
3 27 9 20 16 20 9 - 4 16 31 20 29 0 O 36 64 8 18 58 42
4 18 14 16 18 23 11 - 0 11 30 16 41 2 5 45 50 8 14 48 52
5 12 8 23 15 23 19 - 0 35 15 42 4 4 50 46 96 4 58 42
6 0 41 12 12 35 0 - 0 24 41 24 6 0 35 65 88 12 47 53
7 18 9 27 18 9 18 - 0 27 36 18 9 0 45 55 8 18 36 64
8 10 5 15 25 30 15 - 0 10 10 25 55 O 5 55 40 90 10 45 55
9 0 22 33 22 22 0 - 0 0 33 33 33 0 0 44 56 100 0 56 44
10 17 0 17 33 17 17 - 0 17 67 17 0 17 33 50 100 0 100 O
11 0 43 29 29 0 - 0 0 0 14 71 14 0 57 43 100 0 57 43
12 0 50 0 50 0 - 0 0O 50 50 0 0 50 50 100 O 0 100
13 20 0 40 0 20 20 - 0 20 0 0 60 20 0 40 60 8 20 40 60
14 0 20 20 60 0 - 0 0O 40 40 20 O 60 40 100 O 60 40
15 0 0 67 33 0 - 0O 0 0 67 0O 33 0 100 0 100 0O 33 67
6 - - - - - - - - - - e - - - - - - -
18 - - - - - - - - - e - - - - - -
9 - - - - - - - - e - - - - - - -
20 - - - - - - - - e - - - - - - -
24 - - - - - - - - e - - - - - -
26 - - - - - - - - - e o - - - - - -
2 - - - - - - - - - e - - - - - -
29 - - - - - - . - - e e - - - - - - -
0 - - - - - - - - - e - - - - - - -
34 - - - - - - - - e o - - - - - -
6 - - - - - - - - e - - - - - - -
38 - - - - - - - - - e - - - - - - -
13 10 22 20 21 15 1 8 22 26 40 3 2 50 48 90 10 45 55

Note: Distribution of all winter data points when using and not using air conditioning in percent (%) of raw total, where To: Outdoor
air temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accept-

ability vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix Table O-8 Descriptive statistic: Thermal responses in relation to outdoor temperature (winter) AC mode

. TSV (N=165)) TC (N=165) TP (N=165) (NE65) ‘?ﬁ:i‘gg)e
3 2 41 0 1 2 3 3 =2 414 1 2 3 1 0 1 0 1 AC FR
3 0 0 25 5 0 25 - - 0 25 50 25 0 0 25 75 100 0 100 0
2 0 0 29 14 14 43 - - 0 14 14 71 0 0O 8 14 100 0 100 0
4 0 0 14 71 0 14 - - 0 14 29 57 0 0 57 4 100 0 100 0
0 0 0 38 13 25 25 - -0 0 25 75 0 0 75 25 100 0 100 0
1 10 0 10 24 38 19 - - 10 0 33 57 0 0 8 19 9 10 100 0
2 9 5 9 23 14 41 - - 9 14 14 64 0 0 68 32 91 9 100 0
3 16 5 21 11 37 11 - - 11 37 16 37 0 0 37 63 84 16 100 0
4 4 4 17 17 43 13 - - 4 2 4 65 4 4 65 30 91 9 100 0
5 9 9 18 9 27 27 - - 9 18 18 55 O 9 64 27 91 9 100 0
6 0 4 0 11 44 0 - - 0 33 44 11 11 0 11 8 8 11 100 0
7 0 14 43 14 0 29 - -0 29 43 29 0 0 57 43 8 14 100 0
8 0 9 18 9 45 18 - - 0 9 18 73 0 0O 64 36 100 0 100 0
9 0 25 25 0 50 0 - - 0 25 50 25 0 50 50 100 0 100 0
10 - - 100 0
1M 0 0 33 0 67 0 - - 0 0 0 100 0 67 33 100 0 100 0
12 0 50 0 50 0 - - 0 50 50 0 50 50 100 0 100 0
13 33 0 0 0 33 33 - - 33 0 0 33 33 0 67 33 67 33 100 0
14 0 50 0 50 0 - - 0 50 50 O 0 50 50 100 0 100 0
15 0 0 0 5 5 0 - - 0 0 5 0 50 0 100 0 100 0 100 0
6 - - - - - - - - - - - - - - - - -
18 - - - - - - - .- - - .- - -
9 - - - - - - - - - - - - - - - -
20 - - - - - - - - - - - - - - - - -
24 - - - - - - - - - - - - - - - -
2% - - - - - - - - .- - - .- - -
2 - - - - - - - - - - - - - - - -
29 - - - - - - - - - - - -
0 - - - - - - - - - - - - - - - - - -
4 - - - - - .- - - .- -
6 - - - - - - - - - - - - - - - -
38 - - - - - - - - - - - - - - - -
6 7 18 18 31 20 - - 5 16 22 53 2 1 61 38 92 8 100 0

Note: Distribution of all winter data points when using air conditioning for heating in percent (%) of raw total, where To: Outdoor
air temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accept-

ability vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix Table O-9 Descriptive statistic: Thermal responses in relation to outdoor temperature (winter) no AC mode

. TSV (N=135)) TC (N=135) TP (N=135) (N:1A3 5 ‘?15:?;’;’;
3 2 1 0 1 2 3 3 2 -4 1 2 3 14 0 1 0 1 AC FR
3 - - - - - - - - .- - - - - - - -
2 0 0 67 0 33 - 0 0 67 33 0 67 33 100 0 0 100
1 50 5 0 0 0 0 - 5 5 0 0 0 0 0O 0 100 0 1200 0 100
0 25 63 13 0 0 - 0 33 50 13 0 0 38 63 8 13 0 100
1 20 40 40 0 0 - 0 40 20 40 O 0 60 40 100 O 0 100
2 31 8 38 8 0 15 - 8 0 46 31 15 0O 8 31 6 8 15 0 100
3 35 12 19 19 8 8 - 8 19 27 23 23 0 0 35 65 81 19 0 100
4 33 24 14 19 0 10 - 0 19 38 29 14 0O 5 24 71 81 19 0 100
5 13 7 27 20 20 13 - 0 0 47 13 33 7 0 40 60 100 O 0 100
6 0 38 25 13 25 0 - 0 13 13 38 38 0 0O 63 38 8 13 0 100
7 50 0 0 25 25 0 - 0 25 25 25 0 25 0 25 75 75 25 0 100
8 22 0 11 44 11 11 - 0 22 11 33 33 0 11 44 44 78 22 0 100
9 0 20 40 40 0 0 - 0 0 40 20 40 0 40 60 100 O 0 100
10 17 17 33 17 17 - 0O 0 17 67 17 0 17 33 50 100 O 0 100
11 0 0 5 5 0 0 - 0O 0 0 25 50 25 0 50 50 100 O 0 100
13 0 0 10 0 0 0 - O 0 0 0 100 O 0 0 100 100 0 0 100
4 0 0 33 67 0 - O 0 0 33 33 33 0 67 33 100 0 0 100
15 0 0 100 0 0 - 0O 0 0 100 0 O 0 100 0 100 O 0 100
% - - - - - - - - - e - - - - - -
18 - - - - - - - - - e - - - - -
9 - - - - - - - - e - - - - - -
20 - - - - - - - - - e - - - - - -
24 - - - - - - - - - e - - - - - -
26 - - - - - - - - - e - - - - - -
2 - - - - - - - - - e - - - - - -
29 - - - - - - - - - e - - - - - -
0 - - - - - - - - - e - - - - - - -
34 - - - - - - - - e - - - - - -
6 - - - - - - - - - - e - - - - - - -
3 - - - - - - - - e - - - - - -
1 21 13 27 22 9 8 - 3 10 29 30 24 4 3 38 50 87 13 0 100

Note: Distribution of winter data points when not using air conditioning for heating in percent (%) of raw total, where To: Outdoor
air temperature (°C), TSV: Thermal sensation vote, TC: Thermal comfort vote; TP: Thermal preference vote, TA: Thermal accept-

ability vote, AC mode: Air conditioning mode, FR: Free running mode (without using air conditioning)
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Appendix P.
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Appendix Figure P-1 Correlation between mean weighted values of thermal sensation to outdoor temperature in AC and no-AC

modes (in summer)
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Appendix Figure P-2 Correlation between mean weighted values of thermal evaluation to outdoor temperature in AC and no-AC
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Appendix Figure P-3 Correlation between mean weighted values of thermal preference to outdoor temperature in AC and no-AC

modes (in summer)
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Appendix Figure P-4 Correlation between mean weighted values of thermal acceptability to outdoor temperature in AC and no-

AC modes (in summer)
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Appendix Figure P-5 Correlation between mean weighted values of thermal sensation to outdoor temperature in AC and no-AC

modes (in winter)
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Appendix Figure P-6 Correlation between mean weighted values of thermal evaluation to outdoor temperature in AC and no-AC

modes (in winter)
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Appendix Figure P-7 Correlation between mean weighted values of thermal preference to outdoor temperature in AC and no-AC

modes (in winter)
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Appendix Figure P-8 Correlation between mean weighted values of thermal acceptability to outdoor temperature in AC and no-

AC modes (in winter)
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Appendix Q. Frequency distributions of thermal responses
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Appendix Figure Q-1 Frequency distributions of thermal sensation in summer. ** (1Nan=420; nNrr=275; nNc1=145)
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Appendix Figure Q-2 Frequency distributions of thermal evaluation in summer. ** (,Nai=420; nNrr=275; nNcL=145)
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Appendix Figure Q-3 Frequency distributions of thermal preference in summer. ** (2Nai=420; nNrr=275; n-NcL=145)
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Appendix Figure Q-4 Frequency distributions of thermal acceptability in summer. ** (aNai=420; nNrr=275; nNcL=145)
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Appendix Figure Q-5 Frequency distributions of thermal sensation in winter. (sNan=300; nNrr=135; nNur=165)
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Appendix Figure Q-6 Frequency distributions of thermal evaluation in winter. (aNai=300; nNrr=135; nNur=165)
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Appendix Figure Q-7 Frequency distributions of thermal preference in winter. (s{Nai=300; nNrr=135; «Nur=165)
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Appendix Figure Q-8 Frequency distributions of thermal acceptability in winter. (\Nai=300; nNrr=135; "Nu1=165)
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Appendix R. Correlation between thermal responses

<> ACdata Reg. line AC data
Reg. line no AC data

[— AC dat 5
noAtdate = Reg. line all data

+ 3 © -]

)

N o]

o 1

Q

©

£ -1

| -

g 2

= @
TC=-0.116TSV2-0.573TSV+1.3 )
R? Linear =0.476

-3 -2 -1 0 1 2 3 Legend

Thermal sensation

Appendix Figure R-1 Correlations TC: TSV in summer (aNai=420; nNrr=275; nNcL=145)
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Appendix Figure R-2 Correlations TP: TSV in summer (xNai=420; 1Nrr=275; nNcL=145)
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Appendix Figure R-3 Correlations TA: TSV in summer (aNai=420; nNrr=275; nNcL=145)
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Appendix Figure R-4 Correlations TP: TC in summer (2"Nai=420; nNrr=275; nNcL=145)
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Appendix Figure R-5 Correlations TA: TC in summer (aNaii=420; nNrr=275; nNcL=145)
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Appendix Figure R-6 Correlations TA: TP in summer (1Nai=420; nNrr=275; nNcL=145)
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Appendix Figure R-7 Correlations TC: TSV in winter (a"Nani=300; nNrr=135; sNcL=165)
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Appendix Figure R-8 Correlations TP: TSV in winter (sNa=300; nNrr=135; 1NcL=165)

Reg. line AC data

<> ACdata :
Reg. line no AC data

.*? 3 < noAcdata - Reg. line all data
2
] 1 o : :
Q e
3 PN
® S S AW AN A\ A\"),
e -1
P (»)
S
£ @
- TA =0.052TSVZ- 0.049TSV - 0.0 @
R? Linear = 0.427
-3 -2 -1 0 1 2 3 Legend

Thermal sensation

Appendix Figure R-9 Correlations TA: TSV in winter (xNan=300; nNrr=135; 1NcL=165)
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Appendix Figure R-10 Correlations TP: TC in winter (sNan=300; 1Nrr=135; nNcL=165)
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Appendix Figure R-11 Correlations TA: TC in winter (aNai=300; nNrr=135; -NcL=165)
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Appendix Figure R-12 Correlations TA: TP in winter (aNai=300; nNrr=135; nNcL=165)
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Appendix S. Linear regressions of thermal responses at the investigated sub-divisions

Appendix Table S-1 Linear regression equations of thermal responses at certain sub-divisions (summer and winter survey)

Thermal Subjective Measured Mean temperature for given vote (°C) Regression equation R? p
range range (°C) n
index
M SD M SD -3 -2 -1 0 1 2 3

TSV 0.10 149 239 498 720 16.8 21.1 228 243 256 256 279 TSV =0.133 T;-3.1 0.198 <0.001
TSVay 014 152 239 519 397 172 19.2 22.8 24.1 255 265 285 TSV 4ay = 0.150 T;-3.4 0.261 <0.001
TSV nigne 0.06 145 240 471 323 16.1 225 229 247 257 244 273  TSV,eum=0.108T-2.5  0.125 <0.001
TSV acon 0.03 144 239 422 310 193 233 240 242 241 244 272 TSVacem=0.063Ti-1.5 0.035 <0.05
TSV acorr 0.15 1.52 240 549 410 155 183 21.8 244 269 266 28.1 TSV acor=0.164T-3.8 0.349 <0.001
TSVesp 001 155 239 465 359 167 232 238 245 242 252 277 TSVep=0.120T;-29  0.130 <0.001
TSVkaikan 0.19 142 240 529 361 17.0 183 21.6 242 265 26.0 283 TSV kuikan=0.142T-3.2 0283 <0.001
TSV mae 022 147 241 471 512 17.8 202 223 244 257 259 281 TSV mae=0.150T;-3.4 0233 <0.001
TSVremae -0.19 1.50 23.6 557 208 15.5 22.5 24.0 243 25.1 245 275 TSV pemae =0.099 T;-2.5  0.133 < 0.001
TSV s 0.00 1.54 235 471 311 162 228 233 239 242 247 275 TSV p=0.118 T;-2.8 0.130 <0.001
TSVma  0.18 144 243 515 409 174 193 223 246 264 263 284 TSV 1 =0.142 T;-3.3 0.257 <0.001
TC 0.82 142 239 498 720 195 23.0 227 248 242 233 TC=0.037 T;-0.1 0.017 <0.05
TC day 0.76 143 239 519 397 203 224 227 25.0 242 21.1 TC gy = -0.036 T;-0.1 0.017 <0.05
TC nignt 090 140 240 471 323 155 242 228 244 243 25.1 TC yight = 0.037 T;+0.0 0.016 <0.05
TC acon 1.14 132 239 422 310 26.1 21.1 23.0 246 24.0 240 TCacon=0.039T+0.2 0.015 <0.05
TC acor 059 145 240 549 410 182 23.6 225 248 245 223  TCacorr=0.037 T;-0.3 0.020 <0.05
TC Gsp 0.69 146 239 4.65 359 189 232 23.0 24.8 239 262 TC gsp=0.037 T;-0.2 0.014 <0.05
TC kaiken 095 136 240 529 361 208 22.7 223 247 24.6 22.6 TC kakan =0.036 T+0.1  0.019 <0.05
TC mate 0.82 137 241 471 512 26.1 240 233 246 242 23.1 TC maie = 0.012 T40.5 0.002  0.347
TC remae 0.84 1.53 236 557 208 182 209 209 255 244 242  TC pemae = 0.081 Ti-1.1 0.087 <0.001
TC s 0.74 137 235 471 311 - 242 224 234 242 262 TC 5p=0.036 Ti-0.1 0.016 <0.05
TC ma 0.89 145 243 515 409 195 224 232 257 243 22.6 TC 1y = 0.036 Ti+0.0 0.016 <0.05
TP -0.04 0.71 239 498 720 27.6 242 19.1 TP =-0.085 T;+2.0 0.357 <0.001
TP day -0.04 0.71 239 519 397 279 24.1 19.1 TP 4ay = -0.082 Ti+1.9 0.361 <0.001
TP nignt -0.04 0.70 24.0 471 323 272 244 19.1 TP pigne = -0.089 Ti+2.1 0.353 <0.001
TP acon  0.05 0.64 239 422 310 269 243 20.5 TP acon=-0.073 T/+1.8  0.235 <0.001
TP acor  -0.11 0.75 240 549 410 27.8 242 18.0 TP acorr=-0.090 T+2.1  0.431 <0.001
TP Gsp -0.06 0.63 239 4.65 359 27.1 24.1 18.6 TP gsp =-0.076 T+1.8 0.314 <0.001
TP kaikan  -0.02  0.78 24.0 529 361 279 244 194 TP Kaikan = -0.092 T:+2.2  0.392 < 0.001
TP Male -0.04 0.73 241 471 512 274 245 19.6 TP mae =-0.092 Ti+2.2  0.360 < 0.001
TP Femare -0.04 0.66 23.6 557 208 279 238 17.7 TP female =-0.072 T+1.7  0.368 <0.001
TP s» -0.05 0.63 235 471 311 26.7 24.0 178 TP jp=-0.079 T:+1.8 0.341 <0.001
TP 1a -0.03 0.76 243 515 409 28.1 245 19.8 TP g =-0.090 T+2.1 0.372 <0.001
TA 0.07 026 239 498 720 24.1 215 TA =-0.007 T;+0.2 0.019 <0.001
TA day 0.09 029 239 519 397 242 21.1 TA gy =-0.010 T;+0.3 0.030 <0.001
TA nignt 0.05 021 240 471 323 24.1 225 TA nigne = -0.003 Ti+0.1 0.005  0.205
TA acon  0.06 023 239 422 310 24.1 205 TA acon=-0.011 T+0.3  0.041 <0.001
TA acor 0.08 0.28 24.0 549 410 242 22.0 TA acorr=-0.005 T+0.2  0.012 <0.05
TA Gsp 0.09 028 239 465 359 24.1 21.7 TA gsp =-0.009 T+0.3 0.021 <0.05
TA kaikan  0.06 023 240 529 361 242 213 TA Kaikan = -0.006 T;{+0.2  0.017 < 0.05
TA Mate 0.06 025 241 471 512 242 224 TA male =-0.005 T+0.184  0.009 <0.05
TA Femae 0.09 029 236 557 208 239 199 TA Femae = -0.011 T;:+0.3  0.043  <0.05
TA s 0.06 024 235 471 311 235 23.1 TA 5 =-0.001 T+0.1 0.000 0.713
TA 1 0.08 027 243 515 409 24.6 20.6 TA 1,0 =-0.011 T;+0.4 0.046 <0.001

Note: R Regression coefficient of determination; p:- confidence interval
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Appendix Table S-2 Linear regression equations of thermal responses at certain sub-divisions (summer survey)

Subjecti M d
Thermal ubjective easure Mean temperature for given vote (°C) Regression equation R? p
. range range (°C) n
index
M SD M SD 3002 - 0 1 2 3

TSV 038 136 27.0 204 420 222 255 262 27.0 27.6 28.0 279 TSV=0271Ti-7.0 0.166 <0.001
TSV aay 054 133 272 200 234 218 258 263 27.1 274 28.0 283 TSV 4 =0.268Ti-6.7 0.162 <0.001
TSV nigne  0.18 1.38 269 209 186 22.8 254 26.0 26.8 279 27.8 273 TSV 4 =0.264T-69 0.160 <0.001
TSV acon  -0.17 141 265 215 145 222 252 264 26.6 273 27.8 272 TSV pcon=0.284T;-7.7 0.188 <0.001

TSV acorr  0.67 124 273 192 275 - 263 260 27.1 27.7 28.0 28.1 TSV acor=0213T;-5.2 0.109 <0.001
TSVep 026 143 270 1.67 212 - 266 265 27.0 26.8 279 277 TSVgsp=0219T;-5.6 0.065 <0.05
TSV kaikn 050 1.27 27.1 237 208 222 23.1 256 27.0 28.1 28.0 283 TSV kikan=0.295Ti-7.5 0.299 <0.001
TSV mae 052 136 269 207 296 222 244 258 26.6 27.6 279 28.1 TSV yu.=0340Ti-8.6 0.267 <0.001
TSV Femate  0.06 131 274 193 124 - 268 267 27.8 27.6 283 27.5 TSV pemae=0.142T;-3.8 0.044  <0.05
TSV s 022 142 267 148 183 - 264 262 265 268 27.6 275 TSV,=0285Ti-7.4 0.089 <0.001
TSV 1 050 130 273 235 237 222 243 261 272 28.0 282 284 TSV;,y=0.262T-6.6 0.223 <0.001

TC 088 136 27.0 2.04 420 27.6 282 273 274 265 254 TC=-0.147 Ti+4.9 0.049 <0.001
TC day 083 131 272 2.00 324 276 28.6 274 273 26.7 244 TCuy=-0.144Ti+4.8 0.049 <0.05
TC night 095 142 269 209 186 - 277 272 27.6 263 25.6 TCjg=-0.147Ti+4.9 0.047 <0.05
TC acon 1.19 130 265 215 145 26.1 27.8 269 274 260 250 TCacon=-0.135Ti+4.8 0.050 <0.05
TC acor 072 136 273 192 275 29.1 283 275 274 269 264 TCacor=-0.128 Ti+4.2 0.033  <0.05
TC csp 075 140 270 1.67 212 29.1 279 27.0 27.1 26.7 262 TCgsp=-0.147Ti+4.7 0.031  <0.05
TC xaikan 1.or 131 271 237 208 26.1 285 27.7 27.8 264 249 TCxaikan =-0.152 ;5.1 0.075 <0.001
TC mate 078 137 269 2.07 296 26.1 28.0 275 273 26.1 248 TCpmae=-0.193Ti+6.0 0.085 <0.001
TC Female .13 129 274 193 124 29.1 289 26.7 279 272 268 TC pemae =-0.061 T+2.8 0.008  0.312

TC s 080 1.37 267 148 183 - 270 27.1 26.6 26.5 262 TCp=-0.156T-5.0 0.029 <0.05

TC wa 095 135 273 235 237 276 289 27.6 279 266 249 TCy=-0.156T+52 0.074 <0.001

TP -0.39 059 27.0 2.04 420 27.7 26.6 25.7 TP =-0.091 Ti+2.1 0.098 <0.001
TP day -040 059 272 2.00 234 279 26.6 26.1 TP 4oy =-0.099 Ti+2.3  0.112 <0.001
TP nignt -0.39 0.60 269 2.09 186 274 265 252 TP igne =-0.082 T;+1.8  0.083 < 0.001
TP acomn  -031 057 265 215 145 269 265 23.7 TP acon=-0.068 Ti+1.5 0.067  <0.05
TP acor  -0.44 0.60 273 192 275 28.0 26.7 26.7 TP acorr=-0.102 Ti+2.4  0.106 < 0.001
TP csp -036 050 27.0 1.67 212 274 26.7 268 TP gsp=-0.065 T; +1.4  0.047  <0.05

TP kaian  -0.43  0.68 27.1 237 208 279 264 25.6 TP kaikan = -0.103 Ti+2.4  0.131 < 0.001
TP mate -041 0.61 269 207 296 27.6 263 25.7 TP mae =-0.099 T;i+2.3  0.114 < 0.001
TP Femae  -036  0.56 274 193 124 279 27.1 25.7 TP Female =-0.077 Ti+1.8  0.071  <0.05
TP sp -0.34 050 267 148 183 27.1 265 26.8 TP p=-0.064Ti-1.4  0.036 <0.05
TP ma -043  0.66 273 235 237 28.0 26.7 25.6 TP 1,y =-0.098 T;i+2.2  0.123 < 0.001

TA 0.05 022 270 2.04 420 27.0 27.6 TA =0.006 T;-0.1 0.004  0.223
TA day 0.06 023 272 200 234 27.1 279 TA 4y=0.010T-0.2  0.008  0.183
TA night 0.04 020 269 209 186 26.8 27.0 TA g =0.002 T;-0.0  0.000  0.815
TA Acon 0.03 0.18 265 215 145 26.5 26.1 TA acon=-0.003 T;+0.1 0.001  0.712

TA acor  0.06 023 273 192 275 273 28.0 TA acor=0.011T;-0.2  0.008  0.142
TA sp 0.05 022 270 167 212 26.9 28.2 TA gsp=0.023 T;-0.6  0.029  <0.05
TA kaikan ~ 0.05 021 27.1 237 208 27.1 26.9 TA Kaikan = -0.002 T;+0.1  0.000  0.782
TA Mate 0.05 022 269 207 296 269 273 TA maie =0.004 T3-0.1  0.002  0.486
TA Femae  0.05 021 274 193 124 273 284 TA femae =0.012 T;-0.3  0.013  0.214
TA s 0.04 020 267 148 183 26.6 27.5 TA j»=0.016 T;-0.4 0.014  0.110
TA 1 0.05 023 273 235 237 273 27.6 TA ,u=0.003 T;-0.0  0.001  0.642

Note: R%: Regression coefficient of determination; p:- confidence interval.
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Appendix Table S-3 Linear regression equations of thermal responses at certain sub-divisions (winter survey)

T!1ermal Su:) ;'::lcgt:ve Il};[;;u(l;ecd) n Mean temperature for given vote (°C)  Regression equation R? p
index
M  SD M SD 3 2 a1 o0 1 2 3

TSV -0.29 157 19.6 465 300 16.1 16.6 18.8 19.6 21.9 226 - TSV =0.159T:-3.4 0222 <0.001
TSV aay -045 159 192 477 163 167 160 184 182 222 234 -  TSV4=0161T-35 0233 <0.001
TSV nignt -0.10 152 201 447 137 150 175 193 21.1 21.5 221 -  TSVugw=0.151T-3.1 0197 <0.001
TSVacom 021 143 216 426 165 178 19.7 209 21.6 221 231 — TSVacon=0.101 T;:-2.0 0.090 <0.001
TSV acor -0.90 150 172 394 135 155 147 17.1 17.5 21.1 21.1 — TSV acor=0.176 T-3.9 0211 <0.001
TSV asp -036 164 194 390 147 167 179 18.6 20.1 207 21.7 - TSVgp=0.177T-3.8 0.177 <0.001
TSV kaitan  -022 149 198 527 153 152 155 19.0 19.1 23.0 235 - TSV kuikn=0.149T-32 0276 <0.001
TSV Mate -0.19 151 203 465 216 168 17.1 194 200 223 234 — TSVpue=0.149T:-32 0211 <0.001
TSV femae  -0.55 169 179 419 84 155 154 163 18.7 20.6 204 — TSVeeue=0.192T-4.0 0227 <0.001
TSV » <032 166 189 391 128 162 17.7 17.6 193 205 21.5 -  TSVp=0.195T-40 0212 <0.001
TSV e -027 150 201 507 172 161 158 19.6 19.7 229 23.6 - TSV u=0.146T-3.2 0243 <0.001
TC 074 150 19.6 4.65 300 155 168 17.6 199 21.1 208  TC=0.113T-1.5 0.123  <0.001
TC day 065 159 192 477 163 155 17.1 17.3 19.7 20.7 202 TCuy=0.104T-1.3  0.097 <0.001
TC night 0.85 137 201 447 137 155 158 178 202 21.6 23.1 TCum=0.122T-1.6  0.159 <0.001
TC aCon 1.09 133 216 426 165 — 181 19.7 21.9 224 220 TCacon=0.089T;-0.8 0.082 <0.001
TC acofr 031 158 172 394 135 155 16.0 16.1 18.1 17.8 19.9 TCacor=0.101Ti-1.4  0.064 <0.05
TC csp 0.61 155 194 390 147 155 17.8 18.1 19.7 205 -  TCgsp=0.124T-1.8  0.098 <0.001
TC Kaikan 087 144 198 527 153 155 156 169 20.1 21.8 20.8 TCruan=0.105T-1.2  0.149  <0.001
TC Mate 087 137 203 465 216 — 17.1 182 203 21.8 214 TCpu=0.097 T--1.1  0.109 <0.001
TC Female 042 1.75 179 419 84 155 165 162 172 197 163 TCremae=0.145T;22  0.121  <0.05
TC s 065 137 189 391 128 — 195 17.0 183 208 - TCpr=0.115T-1.5  0.109 <0.001
TC 1ma 081 158 201 507 172 155 159 183 213 213 208 TCuy=0.111T-14  0.127 <0.001
TP 046 054 196 4.65 300 23.0 21.0 18.0 TP =-0.039 Ti+1.2 0.116  <0.001
TP aay 048 052 192 477 163 243 204 179 TPy =-0.031 T+1.1  0.081  <0.001
TP nignt 042 055 20.1 447 137 223 21.7 18.1 TP igne =-0.049 Ti+1.4  0.161 < 0.001
TP acon 037 051 21.6 426 165 25.6 22.4 20.1 TP acon=-0.034 T+1.1  0.079 <0.001
TP acorr 056 055 172 394 135 217 183 163 TP acorr=-0.044 T+1.3  0.099 <0.001
TP csp 037 055 194 390 147 214 20.1 183 TPgsp=-0.034 T+1.0  0.059  <0.05
TP Kaikan 054 051 198 527 153 309 222 17.8 TP kaikan = -0.043 TrH1.4  0.199 < 0.001
TP Mate 046 055 203 465 216 23.0 22.0 185 TP e =-0.045 T+1.4  0.143 < 0.001
TP Femate 044 050 179 419 84 - 189 16.6 TP Femate =-0.033 T-1.0 0.078 < 0.05
TP » 038 056 189 391 128 214 199 174 TP;p=-0.047 Ti+1.3  0.109 <0.001
TP 1a 051 051 201 507 172 309 22.0 183 TP =-0.039 T+1.3  0.152  <0.001
TA 0.10 030 196 4.65 300 199 174 TA=-0.011T+0.3 0.027  <0.05
TA day 0.15 035 192 477 163 195 174 TA 40y =-0.012 TH0.4  0.025  <0.05
TA night 0.05 022 20.1 447 137 202 173 TA pign = -0.007 T+0.2  0.021  0.089

TA aCon 0.08 027 21.6 426 165 219 183 TA acon=-0.014 T+0.4 0.052  <0.05
TA acorr 0.13 034 172 394 135 17.3 16.7 TA acorr=-0.004 T+02 0.002  0.569

TA csp 0.14 034 194 390 147 19.6 18.1 TA gsp=-0.012 T4+04 0.019  0.099

TA Kaikan 0.07 026 198 527 153 20.1 16.1 TA Kaikan =-0.010 T-0.3  0.039 < 0.05
TA Mae 0.08 028 203 465 216 205 183 TA e =-0.007 T+02  0.016  0.064

TA Female 0.15 036 179 419 84 182 16.0 TA femae = -0.016 T0.4  0.036  0.082

TA s 0.09 028 189 391 128 18.8 19.9 TA »=0.005T-0.0  0.006  0.391

TA 1 0.12 032 201 507 172 20.7 16.0 TA g =-0.019 T+0.5  0.088 <0.001

Note: R%: Regression coefficient of determination; p:- confidence interval.
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Appendix T. Chi square test results

Appendix Table T-1 Chi-square results: Dependence of thermal responses on selected factors in summer and winter

2

Sub-division n df y2critical p Interpretation of result

TSV All Day: Night  397:323 6 12.59 7.75  0.257 TSV is independent from Day/Night vote
TC All Day: Night  397:323 5 11.07 13.50 <0.05 TC depends on Day/Night vote

TP All Day: Night  397:323 2 5.99 0.16 0924 TP is independent from Day/Night vote
TA All Day: Night  397:323 1 3.84 581 <0.05 TA depends on Day/Night vote
TSV All AC:no AC  310:410 6 12.59 19.11 <0.05 TSV depends on AC/ no AC vote

TC All AC:no AC  310:410 5 11.07 40.81 <0.001 TC depends on AC/ no AC vote

TP All AC:no AC 310:410 2 5.99 27.72  <0.001 TP depends on AC/ no AC vote

TA All AC:no AC  310:410 1 3.84 1.63 0.202  TA is independent from AC/ no AC vote
TSV All  GSD: Kaikan 359:361 6 12.59 1421 <0.05 TSV depends on GSD/ Kaikan vote
TC All  GSD: Kaikan 359:361 5 11.07 14.07 <0.05 TC depends on GSD/ Kaikan vote

TP All  GSD: Kaikan 359:361 2 5.99 3091 <0.001 TP depends on GSD/ Kaikan vote
TA All  GSD: Kaikan 359:361 1 3.84 2.13 0.144 TA is independent from GSD/ Kaikan vote
TSV All  Male: Female 512:208 6 12.59 13.30 <0.05 TSV depends on Male/ Female vote
TC All  Male: Female 512:208 5 11.07 2476  <0.001 TC depends on Male/ Female vote
TP All  Male: Female 512:208 2 5.99 4.29 0.117 TP is independent from Male/ Female vote
TA All  Male: Female 512:208 1 3.84 1.60  0.206 TA is independent from Male/ Female vote
TSV All JP:nonJP  311:409 6 12.59 1478 <0.05 TSV depends on JP/ non JP vote

TC All JP: non JP 311:409 5 11.07 2425 <0.001 TC depends on JP/ non JP vote

TP All JP:nonJP  311:409 2 5.99 21.08 <0.001 TP depends on JP/ non JP vote

TA All JP: non JP 311:409 1 3.84 1.01 0.314 TA is independent from JP/ non JP vote
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Appendix Table T-2 Chi-square results: Dependence of thermal responses on selected factors in summer

2

Sub-division n df y2critical p Interpretation of result

TSV Summer Day: Night 234:186 6 12.59 1296 <0.05 TSV depends on Day/Night vote

TC Summer Day:Night 234:186 5 11.07 18.02 <0.05 TC depends on Day/Night vote

TP Summer Day: Night 234:186 2 5.99 0.04 0982 TP is independent from Day/Night vote
TA Summer Day: Night 234:186 1 3.84 0.34  0.558  TA is independent from Day/Night vote
TSV Summer AC:noAC 145:275 6 12.59 4733 <0.001 TSV depends on AC/ no AC vote

TC Summer AC:noAC 145:275 5 11.07 23.71 <0.001 TC depends on AC/ no AC vote

TP Summer AC:noAC 145:275 2 5.99 6.89 <0.05 TP depends on AC/ no AC vote

TA Summer AC:noAC  145:275 1 3.84 1.12  0.289  TA is independent from AC/ no AC vote
TSV Summer GSD: Kaikan 212:208 6 12.59 3230 <0.001 TSV depends on GSD/ Kaikan vote
TC Summer GSD:Kaikan 212:208 5 11.07 5.07  0.407 TC is independent from GSD/ Kaikan vote
TP Summer GSD: Kaikan 212:208 2 5.99 38.09 <0.001 TP depends on GSD/ Kaikan vote
TA Summer GSD: Kaikan 212:208 1 3.84 0.03 0.858 TA is independent from GSD/ Kaikan vote
TSV Summer Male: Female 296: 124 6 12.59 18.29 <0.05 TSV depends on Male/ Female vote
TC Summer Male: Female 296:124 5 11.07 11.69 <0.05 TC depends on Male/ Female vote

TP Summer Male: Female 296:124 2 5.99 3.17  0.205 TP is independent from Male/ Female vote
TA Summer Male: Female 296:124 1 3.84 0.01  0.922 TA is independent from Male/ Female vote
TSV Summer JP:nonJP 183:237 6 12.59 30.00 <0.001 TSV depends on JP/ non JP vote

TC Summer JP:nonJP  183:237 5 11.07 9.69  0.084  TC is independent from JP/ non JP vote
TP Summer JP:nonJP  183:237 2 5.99 31.68 <0.001 TP depends on JP/ non JP vote

TA Summer JP:nonJP  183:237 1 3.84 0.27  0.604  TA is independent from JP/ non JP vote
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Appendix Table T-3 Chi-square results: Dependence of thermal responses on selected factors in winter

2

Sub-division n df o2critical p Interpretation of result

TSV  Winter  Day: Night 163:137 5 11.07 732 0.198 TSV is independent from Day/Night vote
TC Winter Day: Night 163:137 5 11.07 9.27  0.099  TC is independent from Day/Night vote
TP  Winter Day: Night 163:137 2 5.99 1.49 0476 TP is independent from Day/Night vote
TA  Winter Day: Night 163:137 1 3.84 743  <0.05 TA depends on Day/Night vote
TSV  Winter AC:noAC 165:135 5 11.07 43.34 <0.001 TSV depends on AC/ no AC vote

TC Winter AC:noAC 165:135 5 11.07 29.79 <0.001 TC depends on AC/ no AC vote

TP  Winter AC:noAC 165:135 2 5.99 15.75 <0.001 TP depends on AC/ no AC vote

TA Winter AC:noAC 165:135 1 3.84 2.38 0.123  TA is independent from AC/ no AC vote
TSV  Winter GSD: Kaikan 147:153 5 11.07 4.00 0.549 TSV is independent from GSD/ Kaikan
TC Winter GSD: Kaikan 147:153 5 11.07 1525 <0.05 TC depends on GSD/ Kaikan vote

TP  Winter GSD: Kaikan 147:153 2 5.99 841 <0.05 TP depends on GSD/ Kaikan vote
TA  Winter GSD: Kaikan 147:153 1 3.84 3.33 0.068 TA is independent from GSD/ Kaikan vote
TSV  Winter Male: Female 216:84 5 11.07 1293 <0.05 TSV depends on Male/ Female vote
TC Winter Male: Female 216:84 5 11.07 25.52 <0.001 TC depends on Male/ Female vote

TP  Winter Male: Female 216:84 2 5.99 339  0.184 TP is independent from Male/ Female vote
TA  Winter Male: Female 216:84 1 3.84 333  0.068 TA is independent from Male/ Female vote
TSV  Winter  JP: non JP 128:172 5 11.07 320 0.670 TSV is independent from JP/ non JP vote
TC Winter  JP:nonJP 128:172 5 11.07 18.73 <0.05 TC depends on JP/ non JP vote

TP  Winter  JP: non JP 128: 172 2 5.99 6.03 <0.05 TP depends on JP/ non JP vote

TA  Winter JP: non JP 128: 172 1 3.84 0.73 0.393 TA is independent from JP/ non JP vote
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Appendix U. Probit analysis for summer and winter season separately
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Appendix Figure U-1 Graphical representation of summer probit analysis: a) Probability of voting a certain TSV in FR mode; b)
Probability of voting a certain TSV in CL mode; c¢) Proportion voting within the “extended neutral range” of TSV scale — from -1

to +1 in summer relative to the use of air conditioning. **Marker points represent the actual proportion voting.
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Appendix Figure U-2 Graphical representation of winter probit analysis: a) Probability of voting a certain TSV in FR mode; b)
Probability of voting a certain TSV in HT mode; ¢) Proportion voting within the “extended neutral range” of TSV scale — from -1

to +1 in winter relative to the use of air conditioning. **Marker points represent the actual proportion voting.
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Appendix V. Griffiths’ comfort temperature to indoors relative to season and AC mode
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Appendix Figure V-1 Griffiths’ temperature in summer and winter. Relation to indoor temperature: a) Frequency distribution ir-

relevant of mode; b) Correlation to Tiirrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tiin AC mode;

e) Frequency distribution in no-AC mode; f) Correlation to Tiin no-AC mode. ** The numerical values for the regressions are in
Table 44
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Appendix Figure V-2 Griffiths’ temperature in summer. Relation to indoor temperature: a) Frequency distribution irrelevant of

mode; b) Correlation to Tiirrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tiin AC mode; ) Frequency

distribution in no-AC mode; f) Correlation to Tiin no-AC mode. ** The numerical values for the regressions are in Table 44

201



=
o

B

o

W GTc =0.365Ti+13.6

Winter GTc (0.25/K) I
- 36 = R?Linear= 0.086 ° *

Mean=20.8
StD=5.8 M
N =300

b)

Frequency (%)

o - N w » w ()] ~N [+<] (-}
Comfort temperature (°C)
N

[ 6
7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
. o
Comfort temperature (OC) Indoor alrtemperature ( C)

8 10 12 14 16 18 20 22 24 26 28 30 32 34 Legend

12 .
Winter GTc AC (0.22/K) 40 | WGTcac=0.54Ti+9

36 = R?Linear= 0.12 ° ®

10 Mean=206

StD=6.6 -
N =165

c) d)

Frequency (%)
Comfort temperature (°C)

8
o - 8 ®
7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 8 10 12 14 16 18 20 22 24 26 28 30 32 34 Legend

Comfort temperature (°C) Indoor air temperature (°C)

=
N
o

Winter GTc no AC (0.31/K) W GTc no ac =0.433 Ti +12.7

38
= M 36 R? Linear = 0.135 !
Mean=20.1[] | [7] 3 °
StD=4.6 ] 30 o °
o
N =135 %(8; 808 ooooog !
24 o9 e 8 o
o)

Frequency (%)
o - N w S w a ~N <] o
Comfort temperature (°C)

8 3 ®
17l 6
7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 8 10 12 14 16 18 20 22 24 26 28 30 32 34 legend
Comfort temperature (°C) Indoor air temperature (°C)
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Appendix W.Griffiths’ comfort temperature to outdoors relative to season and AC mode
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Appendix Figure W-1 Griffiths comfort temperature in summer and winter. Relation to running mean outdoor temperature: a)
Frequency distribution irrelevant of mode; b) Correlation to Trm irrelevant of mode; ¢) Frequency distribution in AC mode; d)
Correlation to Trmin AC mode; ¢) Frequency distribution in no-AC mode; f) Correlation to Tim in no-AC mode. ** The numerical

values for the regressions are in Table 45
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for the regressions are in Table 45
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distribution irrelevant of mode; b) Correlation to Trm irrelevant of mode; c) Frequency distribution in AC mode; d) Correlation to
T in AC mode; e) Frequency distribution in no-AC mode; f) Correlation to Tim in no-AC mode. ** The numerical values for the
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Appendix Figure W-7 Griffits’ comfort temperature in summer. Relation to mean outdoor temperature: a) Frequency distribution
irrelevant of mode; b) Correlation to Tod irrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tod in AC
mode; ¢) Frequency distribution in no-AC mode; f) Correlation to Tod in no-AC mode. ** The numerical values for the regressions

are in Table 45
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Appendix Figure W-8 Actually voted comfort temperature in summer. Relation to mean outdoor temperature: a) Frequency distri-
bution irrelevant of mode; b) Correlation to Tod irrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tod in
AC mode; e) Frequency distribution in no-AC mode; f) Correlation to Tod in no-AC mode. ** The numerical values for the regres-

sions are in Table 45
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Appendix Figure W-9 Griffiths comfort temperature in winter. Relation to running mean outdoor temperature: a) Frequency dis-
tribution irrelevant of mode; b) Correlation to Trm irrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tim
in AC mode; e) Frequency distribution in no-AC mode; f) Correlation to Trm in no-AC mode. ** The numerical values for the

regressions are in Table 45
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Appendix Figure W-10 Actually voted comfort temperature in winter. Relation to running mean outdoor temperature: a) Frequency
distribution irrelevant of mode; b) Correlation to Trm irrelevant of mode; c) Frequency distribution in AC mode; d) Correlation to
T in AC mode; e) Frequency distribution in no-AC mode; f) Correlation to Tim in no-AC mode. ** The numerical values for the

regressions are in Table 45
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Appendix Figure W-11 Griffits’ comfort temperature in winter. Relation to mean outdoor temperature: a) Frequency distribution

irrelevant of mode; b) Correlation to Tod irrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tod in AC

mode; ¢) Frequency distribution in no-AC mode; f) Correlation to Tod in no-AC mode. ** The numerical values for the regressions

are in Table 45
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Appendix Figure W-12 Actually voted comfort temperature in winter. Relation to mean outdoor temperature: a) Frequency distri-

bution irrelevant of mode; b) Correlation to Tod irrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tod in

AC mode; e) Frequency distribution in no-AC mode; f) Correlation to Tod in no-AC mode. ** The numerical values for the regres-

sions are in Table 45
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Appendix X. Correlation between clothing and indoor neutral temperature
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Appendix Figure X-1 Clothing insulation observed in summer and winter. Relation to indoor neutral temperature: a) Frequency
distribution irrelevant of mode; b) Correlation to Tnirrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Ta
in AC mode; e) Frequency distribution in no-AC mode; f) Correlation to Tnin no-AC mode. ** The numerical values for the

regressions are in Table 40
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Appendix Figure X-2 Clothing insulation observed in summer. Relation to indoor neutral temperature: a) Frequency distribution

irrelevant of mode; b) Correlation to Tnirrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tnin AC mode;

¢) Frequency distribution in no-AC mode; f) Correlation to Tnin no-AC mode. ** The numerical values for the regressions are in
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Appendix Figure X-3 Clothing insulation observed in winter. Relation to indoor neutral temperature: a) Frequency distribution

irrelevant of mode; b) Correlation to Tnirrelevant of mode; ¢) Frequency distribution in AC mode; d) Correlation to Tnin AC mode;

¢) Frequency distribution in no-AC mode; f) Correlation to Tnin no-AC mode. ** The numerical values for the regressions are in
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Appendix Y. Comparing comfort temperature and related standards
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Appendix Figure Y-1 Comparing Griffiths’ comfort temperature to standards and recommendations for summer and winter: a)

(FR) EN 16798-1 GTc: Trm; b) (HT/CL) CIBSE GTe: T ; ¢) (FR) ASHRAE GTe: Tod;
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Appendix Figure Y-2 Comparing Griffiths” comfort temperature to standards and recommendations for summer: a) (FR) EN 16798-
1 ¢Te: Tim; b) (HT/CL) CIBSE 6Te: Tim ; ¢) (FR) ASHRAE ¢Te: Tod;
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Appendix Figure Y-3 Comparing Griffiths’ comfort temperature to standards and recommendations for winter: a) (FR) EN 16798-
1 ¢Te: Tim; b) (HT/CL) CIBSE 6Te: Tim ; ¢) (FR) ASHRAE ¢Te: Tod;
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