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Abstract

A field survey of four groups of subjects both
indoors (air-conditioned and naturally- ventilated) and
outdoors (leaving those indoors) environments was
carried out in transitional spaces in a cool season of
Bangkok, Thailand. The paper presents the results
of the survey compiled and analysed in the following
order: Expectation, Sensation, Preference and Adap-
tation. The data are also compared with the previous
research of office environments in Bangkok.

The results from the analysis show two im-
portant aspects. Firstly, thermal responses of each
group are influenced by the acclimatised characteris-
tics of their environmental conditions. Secondly, the
neutral temperature of the whele sample is 27.1°C
and the thermal acceptabiltiy is between 25.5°C and
31.5°C, whereas the expected temperature is 26.7°C
and the majority prefer to be in a “cooler” environment.

Introduction

This field study is the following research
from Busch’s thermal comfort study in Bangkok,
Thailand" % 3.

comfort conditions when nearly decade has past and

The aim is to consider the thermal

what the comfort of the people are, due to the global
and regional climatic changes. Amounts of energy
resources have been consumed for cooling the built-
environments 1o merely justify thermal comfort con-
ditions for the occupants in those environments.

This study is to pursue four groups of sub-
jects, responding to their individual thermal environ-
ment in transitional spaces namely entrace halls, lobby
areas, foyers or canopies of the buildings. These four
groups are those in air-conditioned indoor environ-
ments [A/C-indoor]; those in naturally-ventilated
indoor environments [N/V-indoor]; those leaving air-
conditioned environments to outdoor [(A/C)-outdoor];
and those leaving naturally-ventilated environments to
outdoor [(N/V)-outdoor].

Thermal responses are arranged in forms of
Expectation, Sensation, Preference and Adaptation.
These four concepts are the interplay of complexity
in thermal comfort research, thereby searching for the
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resolute structure of thermal comfort prediction.
Fountain et al* also suggest the research of people
influenced by their culture and climate, associated with
these four-issue concepts.

In addition, the predicted neutral temperature
and thermal acceptability in the conditions of tran-
sitional spaces in this field study are analysed. The
basis of thermal comfort will eventually provide a
wider contribution of knowledge to be applied for a
better state in the built-environments.

Method

Respondents

This study is based on the transverse design
survey, when a large number of respondents were
used. All respondents in the survey are Thai, who
are in the actual environments of the buildings sur-
veyed. The survey has no restriction on ages, genders
and other individual factors of the respondents. This
includes the freedom to change the clothes they wear
and the activities they perform. They are asked to
come near the equipment used for taking environ-
mental parameters measurements, when filling in their

questionnaires.

Building choices and areas studied

All buildings selected are in Bangkok. There
are five buildings of two types in the study: two
naturally-ventilated and three air-conditioned. The
functions of two N/V buildings are a school of
architecture and a medium-rise government office.
Three A/C buildings are a small architect office, a
high-rise office building and a complex shopping
centre.

The areas surveyed are “transitional spaces”
both inside and outside the buildings namely entrance
hall, foyer, lobby or circulation zones, and canopy,
which are in the shaded area. These areas have the
characters like “transient conditions” in thermal com-
fort> & 7 because of the changeable environmental
variables effecting comfort.
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Equipment and measurement

The measurements of the environmental pa-
rameters were done and later plotted into climatic data
charts. These physical quantities are air temperature
(Ta), globe temperature (Tg), relative humidity (RH)
and air velocity (v).

The main equipment used in the survey are
the Skye Data Hog SLD, a data-logger with the
readings of air temperatures and relative humidities
are gathered and stored, automatically. Outdoor globe
temperatures were also taken by using one channel
of the data-logger and using a 38-mm-diameter Ping-
Pong ball as the glove. Air velocities are also mea-
sured by Solomat MPM 500e, an air flow meter.

The individual parameters of clothing insula-
tion and activity level were also observed and re-
corded into the questionnaires. These data are later
used in analysing process. Each item of clothes will
be transferred to be clo-value according to table E2
(Thermal insulation of individual pieces of garments)
and also each activity will be met-value according to
table A1 (Metabolic rate) of International Standard
1SO 7730°.

Questionnaires

The questionnaires used contains a cover letter
explaining the aim of the survey and every question
is translated into Thai language, based on Busch’s
survey in 1988. Furthermore, this field survey does
include an additional question of the thermal expec-
tation, as the first question. Therefore, the questions
are arranged in the order of expectation, thermal sen-
sation, preference and adaptability to achieve comfort
of the respondents.

The questionnaires are separated into two
types. The first type is to be used by the respondents
entering the buildings (indoor type) and the second
one for those leaving the buildings (outdoor type).
Other sections in the questionnaires are asking the
activities, clothes and personal information of the re-
spondents. Most questions required the respondents
to tick the appropriate choices. (See Appendix A).

Procedure

This field survey was conductd in six days in
the cool season month of 1996/1997 in Bangkok, Thai-
land. The spaces used in the survey are transitional
spaces both indoors and outdoors of the selected build-
ings. The procedure used for every building is the
same and is based on the field study methodology
% 10. the respondents perform their normal activities
in the actual environments, which have no any control.

It is because of various functions of the build-
ings surveyed, the appropriate time for the survey in
each building is not the same. Time of the survey,
however, in each day was within the day-time between
9:00 and 18:00.

Areas of transitional spaces for outdoor con-
ditions are also taken a special consideration. They
must be in the shaded areas, such as under the trees,
in the canopy, or the building itself acting as a shading
device. This is to avoid the direct solar radiation
which effects human sensation.

Teams of the survey have five persons at each
time. Two are in indoors and other two are in out-
doors to hand out the questionnaires, and the last one
takes the environmental measurements. These mem-
bers are able to give the explanation of each question,
if the respondents are in doubt. However, there is
no persuasive suggestion from the members to vote

any thermal scales on the survey forms.

Results

Profile of the respondents

The total number of the respondents in this
survey are 593 subjects, categorising into four groups:
121 A/C-indoor, 181 N/V-indoor, 133 (A/C)-outdoor
and 158 (N/V)-outdoor. The last two groups actually
are in the naturally-ventilated conditions but (A/C)
implies the respondents leaving air-conditioned build-
ings and (N/V) implies those leaving naturally-
ventilated buildings.

The individual parameters of both clothing in-
sulation values and activities levels are gathered from
the observation at the time the respondents filling their

questionnaires. The summary is in figure 1 and 2.
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Figure 2 Relative frequency distribution of metabolic rates.

From figure 1, the distribution lines of clothing
insulation of A/C-indoor and (A/C)-outdoor are in the
same direction and their peaks are at 0.60-0.69 clo.
Mean clo-value of A/C-indoor case is 0.65 and that
of (A/C)-outdoor case is 0.61. Other two lines, the
distributions fo clothing insulation of N/V-indoor and
(N/V)-outdoor, are also in the same direction and their
peaks are at 0.50-0.59 clo. Mean clo-value of N/V-
indoor case is 0.59 and that of (N/V)-outdoor is 0.57.
It seems that the indoor or outdoor environmental
conditions have little effect on the clothing the respond-
ents wear, but the A/C or N/V buildings, where the
respondents intend to visit or to work, have an

influence on the decision of the choices of clothes.

Refer to figure 2, the activities in the field
survey are varied because the areas are transitional
spaces. Furthermore, the respondents are free to do
any activities as in the everyday life. The two major
activities are “sitting (relaxing)” and “walking slowly™.
The observations in the field survey suggest that the
environmental conditions of indoor or outdoor, air-
conditioned or naturally-ventilated, do not relate to
the activities the respondents perform, but the activi-
ties themselves are the intention of the respondents
to perform.
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Table 1  Distribution of climatic data from the field survey.
Mean and Range
A/C-indoor N/V-indoor (A/C)-outdoor (N/V)-outdoor
Ta (°C) 25.0 285 27.6 30.1
(23.1-26.3) (26.3-30.0) (25.0-29.7) (28.0-31.8)
0 27.9 30.3
Te CO) - : (24.8-30.6) (28.2-32.1)
RH (%) 49.0 55.6 45.4 51.8
¢ (38.1-59.2) (49.8-62.9) (37.7-56.5) (41.6-62.0)
/ 0.21 0.17 0.63 0.44
v (m/s) (0.1-0.5) (0.0-0.8) (0.2-1.9) (0.1-1.4)

Profile of the climatic environments

Environmental parameters of air temperature
(Ta), globe temperature (Tg), relative humidity (RH)
and air velocity (v) are summarised in table 1.

Air temperatures of the first three days (N/V)
are higher than those of the last three days (A/C)
and the condition of A/C-indoor is the distinctively
coolest with mean Ta of 25.0°C and range of 23.1-
26.3°C. The condition of N/V-indoor has mean Ta
of 28.5°C which is 3.5°C higher than that of A/C-
indoor. The condition of (N/V)-outdoor is the war-
mest one with mean Ta of 30.1°C, while (A/C)-out-
door has a lower mean Ta of 27.6°C. The range of
air temperatures in the naturally-ventilated environ-
ments are 25.0-31.8°C.

Globe temperatures of the first three days
(N/V) are higher than those of the last three days
(A/C). While mean Tg (A/C)-outdoor is 27.9°C with
a range of 24.8-30.6°C, mean Tg (N/V)-outdoor is
30.3°C with a range of 28.2-32.1°C. The difference
of both means Tg is 2.4°C. For the indoor cases,
there is no measurement on Tg because of the lack
of the equipment. Therefore, the analysis will only
use air temperature as the index.

Relative humidities of the whole cases are
37.7-62.9%. This range is in the comfort zone of
30-70% suggested by Brooks''. The means RH of
all cases are not significantly different. The only
interesting result of relative humidity is that RH in
outdoor conditions has slightly lower values than RH
in indoor conditions.

Air velocities of indoor and outdoor cases are

totally different. Lower air velocities in indoor are
0.0-0.8 m/s, but in the outdoor cases, they can be up
to 1.4 m/s for (N/V)-outdoor and to 1.9 m/s for
(A/C)-outdoor cases. Mean air velocities of indoors
are 0.21 and 0.17 m/s, but those of outdoors are 0.63
and 0.44 m/s.

Distribution of thermal responses

The seven-point ASHRAE Scale was used for
the respondents’ thermal expectation and their actual
thermal sensation responses and the three-point
Mclntyre Scale is used for their thermal preferences.
The distributions of votes for Expectation, Sensation
and Preference Scales are shown in figure 3, 4 and
5, respectively.

The first group of the respondents [A/C-in-
door], at mean air temperature of 25°C, has thermal
expectation and sensation bias on the cool side, ap-
parently. More than half of the respondents in this
group indicate -1 to -3 (slightly cool, cool and cold)
and about 36-40% vote 0 (neutral) in both Expectation
and Sensation Scales. However, when considering at
their thermal preference, one third of this group would
like yet to be in a “cooler” environment, and about
half voting “no change”. Only 11% vote for “warmer”.

The second group [N/V-indoor], at mean air
temperature of 28.5°C, has the largest number of votes
on 0 (neutral) in both Expectation and Sensation
Scales, and on “cooler” in Preference Scale. More
than 90% indicate the central three categories (slight-
ly cool, neutral and slightly warm) for their thermal
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expectation and sensation. Moreover, only 5% move
from the cool side of expectation to the warm side
of sensation. Thermal preference of this group is
chiefly on “cooler”, where a number of votes is two-
third. One-third indicate “no change”, and there is
1% or two persons who would like to be in a “warmer”
environment.

The third group [(A/C)-outdoor], at mean air
temperature of 27.6°C, has thermal responses bias
on the warm side, although the mean air temperature
of this group is lower than that of the second group.
The major votes of thermal expectation are 2 (warm)
of 38% and 0 (neutral) of 23%. However, in thermal
sensation, vote of 0 (neutral) is 42%. while that of
2 (warm) is mere 13%. The tolal responses of the
warm side 1 to 3 (slightly warm, warm and hot) of
59% in expectation also move down to 41% in thermal
sensation. The explanation of this situation is that
the respondents are leaving A/C environments, which
are cool, think the outdoor conditions would be too
warm, but they are not. Thermal preference of this
group is able to be considered as a justification of
thermal sensation as well. A number of votes for
“cooler” is 54% and that for “no change” is 38%. 8%
or ten persons would like to be in a “warmer” en-
vironment,

The last group [(N/V)-outdoor], at mean air
temperature of 30.1°C, is in the warmest environ-
ment of this field study. Both thermal expectation
and sensation have bias distributions on the warm side.
44% votes of 1 to 3 (slightly warm, warm and hot)
in Expectation Scale, move slightly up to 48% votes
in Sensation Scale. However, when considering the
percentages of thermal responses on the central three
categories (slightly cool, neutral and slightly warm),
75% of thermal expectation become 84% of thermal
sensation.  This implies that the respondents in this
group also expect the outdoor environments being
warmer than the actual sensation they feel. Three
quarters of this group strongly indicate in Preference
Scale as they would like to be in a “cooler” environ-
ment. [t is also surprising that there are 3% or four
persons vote for a “warmer”™ environment, although
mean air temperature is as high as 30.1°C, and the
range is between 28.0°C and 31.8°C.

It is interesting to note that the majority of the
respondents vote their thermal expectation and sen-
sation fof (0 (neutral), regardless of what air tempera-
tures in the environments are, except for the case of
(A/C)-outdoor, voting for 2 (warm) as a priority. The
majority of the votes in thermal preference are
“cooler”, except he case of A/C-indoor, voting for
“no change”. Tt is obvious that the results have the
influence of air-conditioning, which can effect the

respondents’ responses to their thermal environments,

Adaptation to achieve comfort

The methods of adaptation to achieve comfort
are suggested by the respondents themselves writing
down on the survey forms. The results shown in table
2, are roughly estimated, but they can demonstrate
the ideas to obtain a better environments when they
feel too warm or too cool.

When the environments are too warm, the
first idea comes as “using air-conditioning”, and the
second is “staying in a shaded area and being ex-
posed to natural ventilation™. The results may have
been affected by the acclimatisation of the respon-
dents to their thermal environments. It seems that
if the respondents are in the air-conditioned environ-
ments, the method to achieve comfort is “using
A/C”. On the other hand, if the respondents are in
naturally-ventilated environments, the method to

achieve comfort is “providing natural ventilation.”

When the environments are too cool, the most
popular idea is to increase clothing insulation by
putting on their jackets or casual suits or some other
clothes. The result shows that the adaptation by
using clothing is very relevant only for the cool

environments, not for the warm ones.

Considering at the first place of the adapta-
tion for both warm and cool conditions, one can iron-
ically see that, in the warm environment like Bangkok,
the respondents will use A/C unit for achieving their
cool comfort and set the temperature, sometimes, too
cool, then they will put on their jackets or their casual

suits to achieve their warm comfort.
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Table 2 The adaptation suggested by the respondents when too warm and too cool.

When too warm When too cool
Adaptation point Adaptation point
1. use A/C 150 | 1. increase clothing insulation 163
2. stay in a shaded area and expose 103 | 2. increase activity level, such as 54
to N/V walking or exercise
3. take a bath or wash a face 100 | 3. stay in warm area or in the sun 43
4. increase air movement by waving 91 | 4. close window or avoid air 30
hand or book, or use electric fan movement
5. have cool drink or ice-cream 81 | 5. have hot drink or food 26
6. change clothes or take some 50 | 6. sleep 16
clothes off
7. open window 5

Table 3 Regression analysis of each group in Mean Sensation Scale responses

and air temperatures. The mark (x) after the category votes means those

regression analysis are not statistically significant.

Sensation Slope Intercept R? Tn (°C)
Scale Votes
All 0.21 -5.60 0.75 27.1
Indoors 0.24 -6.66 0.84 27.6
Outdoors (x) 0.10 -2.38 0.21 24.1 (x)
A/C (indoor) (x) 0.17 -4.95 0.46 29.3 (x)
N/V (indoor) (x) -0.06 2.07 0.32 32.8 (x)

Regression analysis and
neutral temperature

Simple linear regression analysis, performed
on Sensation Scale of each group against air tempera-
tures (Ta), provides the information of slope, intercept,
goodness of fit (Rz) and predicted neutral temperature
(Tn). Mean Sensation Votes are used as dependent
variables for the reason of the best goodness of fit
and level of significant. All results are shown in table
3.

Table 3 shows that most results are not sta-
tistically significant. Thus the comparisons between
each group will not be valid. Only the results of all
groups and indoors are statistically significant.

The values of indoors of slope of 0.24/°C with
y-intercept of -6.66 and R> of 0.84, are higher than
those of all subjects, slope or .21/°C with y-intercept

of -5.60 and R? of 0.75. The predicted neutral

temperature (Tn) of indoor cases of 27.6°C is also
higher than Tn of all subjects of 27.1°C. This is
surprising because indoor environment contain of
both air-conditioned and naturally-ventilated condi-
tions, where total temperatures must be lower than
those of all cases.

In addition, the regression analysis are used
for all groups, regarding neither indoor nor outdoor,
air-conditioned nor naturally-ventilated conditions, to
make a comparison among Expectation, Sensation and
Preference Scales. Mean votes of each scale are used
as dependent variables against air temperatures (Ta).
The results are shown in table 4.

All values in Expectation Scale are lower
than those in Sensation, but the results are in similar
pattern and the difference is small. This supports the
logical application of the scales used in the survey.

A regression coefficient (slope) in Expecta-

tion Votes of 0.16/°C is lower than that in Sensation
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Table 4 Regression analysis of Mean votes of Expectation, Sensation and Pre-

ference Scales against air temperatures.

Scale Votes Slope Intercept R’ Tn (°C)
Expectation 0.16 -4.39 0.53 26.7
Sensation 0.21 -5.60 0.75 27.1
Preference -0.09 1.87 0.83 21.6
Table 5 Crosstabulation of Sensation Scale and Mclntyre (Preference) Scale

for all samples. Percentages are calculated by row, (e.g. within each

Sensation Scale category).

Sereation _ % i\dc]nt}:‘re Scale (lzrefere:ce) _ TOTAL
Scale cooler no change warmer
-3 0 50 50 0.7
-2 18.9 54.1 27 6.3
-1 34.0 59.2 6.8 17.4
0 53.9 43.7 24 414
1 86.2 11.7 2.1 245
2 91.1 6.7 2.2 7.6
3 100 0 0 2.2
TOTAL 59.6 355 49 100

Voles of 0.21/°C, and both slopes are also less steeper
than the values of 0.22/°C found by Humphreys'’
and 0.32/°C by Fanger'”. The value of a regression
coefficient suggests that the smaller value it is, the
better the respondents are able to adapt to their
thermal variations'".

The predicted neutral temperature (Tn), at
which the respondents vote “neutral” category, is also
estimated from the regression analysis. Tn in expec-
tation of 26.7°C is slightly lower than Tn in sensa-
tion fo 27.1°C. The result implies the respondents
expect lower temperatures than the actual environ-
ment,

The results in Preference Scale only indicate
thut the respondents prefer to be in cooler environ-
ments, and this supports the result of Expectation and
Sensation Scale Votes. However, the predicted
neutral temperature of preference cannot be taken
Firstly, the

frequency of the votes is not a normal distribution

into account because of two reasons.

but a bias towards “cooler” category, which is not
applicable by linear regression analysis, and secondly,
its scale is three-point Mclntyre Scale which are not

appropriate to compare with seven-point Expectation
and Sensation Scales.

Thermal acceptability

The notion of establishing thermal acceptabi-
lity is to provide a standard or a range of “right”
temperatures for a particular environment. It gives
a broader scope of the acceptable temperatures than
a single predicted neutral temperature. The idea of
thermal acceptability is really close to that of comfort
zone. The discrepancy can be claimed that while
thermal acceptability is concentrated upon only the
“right” temperatures, comfort zone is the considera-
tion of the complex of environmental parameters as
a whole. Another difference is expressed in many
literature reviews in which thermal acceptability has
been widely debated?, but comfort zone was firmly
established by Olgyay'®, who inscribed the “Comfort
Zone” in a Bioclimatic Chart, and later was deve-
loped by'* in a Building-Bioclimatic Chart.

Regarding both Sensation and Preference
Scales, the interplay by crosstabulation can be used
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Figure 6 Thermal acceptability of the subjects in transitional space.

to examine the percentage of the respondents’ votes
in their thermal acceptability. This crosstabulation is
shown in table 5.

From table 5, the respondents indicate “no
change” in Mclntyre Scale only 35.5%, while the
votes for “neutral” (0 in Sensation Scale) is 41.4%
and for the central three categories (-1 to 1 of Sensa-
[t seems that
most of the subjects would not prefer their actual

tion Scale) are much higher 83.3%.

thermal environments and also would prefer “cooler”
environments. One can see that the subjects indicate
“cooler” at 59.6%, which is a high percentage.
Furthermore, if considering within each row of
Sensation Scale, the percentage of “no change” cat-
egory lakes bias on the cool side (-1 to -3).

Thermal acceptability in this field study will
be assumed by using 80% of the respondents voting
within the central three categories at each one degree
celsius. The relative frequency plot of the percentage
of votes and the regression line by Quadratic regres-
sion are shown in figure 6.

The “thermal acceptability” curve crosses the
80% line at roughly 25.5°C and 31.5°C. The upper
boundary of this acceptabiltiy is 1.5°C beyond com-
fort by Olgyay'® and 5.5°C beyond the warm boun-
dary of summer comfort by ISO 773(). However, the

ISO Standard is in operative temperature, which is
a different index from this result, using air tempera-
ture.

The percentage of votes for “neutral™ category
is much lower at near 50% and less over a range of
air temperatures. The highest percentage of votes can
be projected to estimate the neutral temperature at
about 27°C, which is in agreement with the predic-
tion by simple linear regression analysis. The cha-
racteristics of both “thermal acceptability” and “neu-
tral” curves are very similar to each other,

The Preference “no change” curve also crosses
the 80% line at near 22°C, which is quite similar to
the preference temperature predicted by linear re-
gression analysis too.

Conclusion

A field survey of thermal comfort is conducted
in transitional spaces of indoors and outdoors, and air-
conditioned and naturally-ventilated environments in
a cool season of Bangkok, Thailand. Four groups of
the subjects, [A/C-indoor, N/V-indoor, (A/C)-outdoor
and (N/V)-outdoor], give the results of thermal com-
fort as follows:
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1. The interplay of four concepts, Expectation,
Sensation, Preference and Adaptation, influence ther-
mal comfort condition. The actual thermal sensation
is determined by the expected and preferred environ-
ments and is able to adjust by the adaptability.

2. Only A/C-indoor has bias in thermal ex-
pectation and thermal sensation on the cool side,
[n Prefe-
rence Scale, A/C-indoor has the chief votes in “no

while the rest has bias on the warm side.

change”, but the rest in “cooler”. However, the most
favourite environment the subjects vote for is N/V-
indoor, which has 48% in *“neutral” and 93% in central-
three-category.

3. The subjects expect the neutral tempera-
ture of 26.7°C which is lower than the predicted

neutral temperature of thermal sensation of 27.1°C.
The preference votes also supports this situation,
because 60% of the respondents vote for “cooler”.

4. Thermal acceptability of 25.5°C to 31.5°C
is found by Quadratic regression analysis. This upper
boundary is 5.5°C beyond the upper limit of summer
comfort recommended by International Standard ISO
7730.

5. The first places of suggested adaptation for
too warm environments are “using A/C” and “pro-
viding N/V™, and for too cool environments is “in-
creasing clothing insulation”. These suggestions are
based on the subjects™ acclimatisation to their main
characteristics of the environments they occupy.
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