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Abstract: This study aims to analyze the thermal comfort level of students in secondary schools in the
tropical city of Makassar. The analysis is carried out based on data surveyved from eight selected high
schoals, The study invelved 15394 students in 48 classrooms, The recorded data includes personal
data and measured environmental parameters, At the same time, students were asked to fill out
questionnaires related o their thermal comifort levels. The surveyed classrooms showed high air
temperatures, The air temperatures ranged from 28.2 °C in the moming to 33.6 °C in the midday.
The radiant temperatures wene similar to the air temperature, which indicated that the airflow speed
was low. The only parameter that could meet the Indonesfiih national standard was relative humidity.
However, many students still feel comfortable (=1 to +1) based on TSV (thermal sensation vote) and
TCV (thermal comfort vote). Even though about 80% of respondents accepted this hot temperature,
maost of them prefermed to have a decrease in the air temperature. Begarding the PMY (predicted
mean vobe), only about 23% respondents were predicted to feel slightly warm (+1). The regression
analyses show that the neutral temperatures were 29.0 “C and 285 °C for TSV and TCV, respectively.

Keywords: thermal comfort; natural ventilation; measurement; school classrooms; secondary school

1. Introduction

Thermal comfort is defined in the American Society of Heating, Refrigerating and
Alr-Conditioning Engineers (ASHRAE) 55 standard as the “that condition of mind which expresses
satisfaction with the thermal environment”™ [1]. This definition is later adopted by Intemnational
Standard Organization (150) in its Standard 7730 [2]. According to Gagge et al. [7] the sense of comfort
is complex because it applies the entire envimonment including all the psychological and physiological
aspects, Indetails, Fanger [4] explained that thermal comfort is determined by several factors, including
Efrmal environments, personal factors, and other contributing factors. Environmental factors include
air emperature, air velocity, humidity, and radiation. Personal factors include the clothing and the
activity (metabolic rate). Contributing factors include food and drink, acclimatization, body shape,
subcutancous fat, age and sex, and state of health. During his lve, late Professor PO, Fanger has
extensively carried out research involving most of the variables mentioned above, The summary of

his works can be read in the recent done by d’ Ambrosio Alfano et al. [5]. However, there are
still a lot of unsolved problems in the fhiermal comfort studies, especially in the tropic area, suchas
in Indonesia.

4
Thermal comfort s one of the important environmental factors for bullding cccupants to work
productively and live well [5,7]. Several literatures found that thene was a positive cornelation between
thermal ervironments and productivity of workers in office buildings [5,9]. Occupants’ well-being and
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comfort are dependent on the indoor environmental quality [10]. Similar to the office buildings, thermal
comlart is alan he{ﬂming an important requirement in educational buildings forenabling stucdents learn
ko prochactively, A gquike old study in 1968 revealed that thene was a positive effect of the hhl.:nn] quality
of classrooms on students” performance [11]. According to d’Ambrosio Alfano et al. [12] providing
a comfertable and healthy enviromment in school i necessary for students well-being and produchivity.
Pepler and Warner [11] reparted the result from an experimental study of leaffing efficiency amang
aclults in a school laboratory as Bhiffemperatures increased from 17 1027 °C. An extensive literature
review by Mendell and Heath [15] showed a good cormelation between indoor school settings and the
performanceand attendance of students, They also found that warmer temperatures {above 24 7C)
tended to reduce the performance of studerds

Mumierous researchers havﬂ}ltducled studics on thermnl combort of students in the classrooms
in various places in the world. These studies include the analysis of thermal comfort in schools in
the temperate climate in the United Kingdom {UK) [14-16], Mediterranean clinnale in Traly [17-21],
subtropical climate in Tabwan [22-25] Japan [26,27], and Auvstealia [2529], In the tropical area, studies
of thermal comfort at schoeols have been made in Singapare [30], Miadaysia [26] and Hawaii [51],

A result of the study was carried out in the United Kingdom (UE) by Teli et al. [14] suggests that
children are more sensitive to higher temperatures than adults with the comfort temperatures being
about 4 “Cand 2 °C lower than the PMY {predicted mean vote) and the EN 15231 adaptive comfort
model {ifdictions, respectively, In Ialian naturally ventilated scheals, d'Ambrosio Alfano et al, [21]
found a good agreement bebween PMY and TSV (thermal sensation vote) with expectation factor
ey, 'l'h.e_',.rm:nd that the use of Fanger's basic approach in calculating thermal comfort could also
be applied in naturally ventilated environments (i right expectancy factor s known. Hwang et
al. |73] carried outan extensive field measurement in air conditioning (AC) and naturally ventilated
(WA classrooms in Taiwan, The survey involved 9448 udents at 36 classrooms (ten of them were
naturally ventilated classrooms). They found that the thermal netm.it.}r and thermal Pref{:rrmcc of
students were 26.3 and 24.7 *C Ty, respectively. This result shoigEghat the neutral temperature was
higher than the thermal preference of students. Also, the study shows that the neateal enperatore
in Taivwan was lower than the redtral tempecalure found in the secondary school in Singapare [30].
The PMY mode] everestirmated the TSV of students, Ewok and Chun [27] carried oot o reseanch in high
schools in Japan to determine students” thifffhal comfort. They found that the thermal environments
in the survefifll schools were beyond the thermal comfort zone specified in the ASHRAE standard.
The average sir lemperatune was 26.9 “C and MET was 27.1 “C. However, about 72% of respondents
Loind Unis conition accepilalle, Most of the students {(74%) vobed withis e neatral calegody "slightly
conl”, "neutral”, and "slightly warm”}, while only less than 1% veted for "warm” and “hot”, Based

& large data gathered from the survey at six clementary and three high schools in Australia,
de Dear et al. [28] found the neutral and, prefermed operative temperatunes weee about 225 °C, which
Falls below predictions of both PMV and adaptive models of thermal comfort. THEtemperatunes at
that time were 18.2-31.1 °C, with an average value of 25.1 °C. They also found that children's thifmal
sensation and lemperature preference drop 1-2 °C below those of adulls. Kin and de Dear [29] study
thi applicability of adaptive thermal comfort model in the Australian primary and secondary school
students. They fof8 that more than 80% of shadents in primary (89.2%) and secondary {#6.0%%) school
arcrﬂhe indoor pperative femperabare of 245 °C and 247 °C in primary and secondary, rE!ipe‘nw-_']!.r.

Based on a survey carried out in the Singaporean secondary schaols, Wong and Ehoo [30] found
that none of the thefal performances of classrooms were Wikthin the thermal zone of the ASHRAE
standfrd. However, students found these conditicfis acceptable. The acceptability rates were 72% and
?4'.":5 WY and AC classrooms, respectively The neatral temperature found in this study was 28.5 *C,
The neutral temperatune predicted by the PMY model was higher than the cne obtained from actual
violes TSY, Kwok |31] examined Ihenxe]ushilil}' of the ASHRAF thermal comfort standard for the
tropical classroom in Hawail, Kwok found that the majority of classrooms Failed to meet the ASHREAE
standard. [lowever, the acceptability rate was mone than 80% irrespective of the thermal condition of
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classronma. The neutral temperature values in these tropical classrooms were 26,8 and 271 “C for WY
and AC classronma, respeclively.

Unfortunately, research on the thermal L‘aﬂ.rrt af b‘hmlpnts in the 5l_'Lund1:1r1_v schools sHIl lacks n
Indonesia, e_specja.!l]!-' in Makassar. Makassar, the provincial capital of South Sﬂlhumﬁ'iiﬁm-hrnf
city om Sulawesi Island in terms of population, and the fifth largest city in Indonesia. The city has
& tropical monsoon climate with the average temperature for the year al 27.5 “C, the average high
arcinad 32,5 “Cand the average low arcwnd 22.5 7 C, Thene are fiw thenmal comfort studbes in tropical
Indonesia. A thermal comfort study by Fun',u@'ml Wiang [52] is focused on residential buildings
in Jogyakarta, Feriadi and Wongg [32] showed that the prediction of thermal comrort using a PRWY
model overestimated the thermal sensation vote {15V]) and the thermal comfort vote (TCV) of the
respondents, Maore than 95% of the respondents were predicted by the PMY method to have thermal
sensation in the warmer region{+1 to +3) m nnl_}' very little (less than 5%) in the “neatral” to coaler
region ([ to —3). Karyono [53] carried out thermal comfoet S8 n air conditioned office buildings in
Jakarta. Karyono's study was based on an exlensive survey of 5% office workers from seven high-rise
office buildings in akarta, The study showed that most of thifffee workers were still comfortable in
roonm temperatures between 26.7 and 286 °C. Karyono found a meatral temperature of 26,7 °C (T,) for
air conditioned (AC) office buildings in Jakarta.

Recent studies in Indoresia carried cut by Hamzah ebal. [34] and Earvono etal, [35] were focused
on the university classrooms, Hamzah et al. [31] investigated the naturally ventilated classrooms,
while Karyono et al, [35] studied the air conditioning classrooms, Hamezah ctal, [4] found that the
thermal condition of the classrooms did not meet the requirement of ASHEAE and SMI standard.
The major linding of this study is thal more than 8% voled the central position [—1 ta +1), either in
ASHEAE or Redford scale and the neutral lemperature aboul 296 “C. Karvono et al. [35] found that
comfort temperature was 241 °C T, and 249 °C T, for students at Universitas Tarumanegars (Untar)
and Urmiversitas Mercu Buana (UMB), respectively. Both figures are very low in comparison to the
natufggy ventilated classroom in the study carried out by Hamzah et al. [14].

Thermal comfort standards such as ASHRAFE Standard 55 [ 56) has been widely used as a guideline
for designing thermal comforl in diflerent countries.  The measarement of the thermal comiort
experivnced by the users is wsually acconding to the ASHEAE standard, using a guestionnaire based
on a study condfed by Fanger [4]. This survey asks the sensation of thermal perceived users in seven
scales, namely: hot (+3), warm {+2). slightly warm (+1}, neuatral (0}, slightly cool {(—1), cool { =2, and
Bl (—3). Bedford [37] has proposed a method of measuring thermal comfort in buildings. [talso
consists of seven scales: mucl oo waiin (43} wo warnn {42} comlorlaldy waris (+17, comboetalsle (0],
comfortably conl {—17; oe coal {—2), and; much ooconl (—3).

Most schicols in Indonesia were built as & profoby pe building, with no consideration based on the
local climatic conditions. The schools were built to the same standards regardless of the wser’s comifort
and preference, in this case, the students of the secondary schowl, which is in thefiase of changing
from childhood to adulthood (11-18 years). There is no special regulation for the thermal comfort in
the educational buildings in Indonesia. The government only provides thermal comfort guidelines for
buildings in gencral. The requirement is based an the Mom and Wiesebron [25] which later on used in
the national standard S™1 03-6572-2000 [34], where the building should provide the following thermal

envirenment as follows:

. comfortably cool: 20.5-228 “C{T,);
. comfortable; 228-25.8 “C(T,.); and
3. comfortably warm: 25.8-27.1 °C (T.).

The guideline vsed the effective temperature (T,), which is defimed as the temperature of
a stagmant and saturated atmosphere, which would, in the absence of radiation, produce the same
effect as the atmosphere in an inquiry: Therefore, it combines the effect of dry air emperalure and
humidity |40,
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Most of the classronms in the secondary schoals in Makassar are experiencing hot temperature
during daytime. Through observations, we [ound that a Tok of numbers of QIE’.mms are equipped with
Fans and even air conditioning (AC), [norder o improve the sibaation and considering thE'inﬂt&nrr
of thermal comfort in affecting the students’ learning pmc.m and performances, then a study of
thermal comfert in the classronms of secondary schools need tobe undertaken: The objectives of this
study are:

1. To report the thermal environmental conditions of classrooms in the secondary schools
in Makassar;
Tor analyze the sludents’ responses to 1“ Thermal envirommental condilions in their classmonms;
To fined out the newtrel and comfortable emperatione in the classmooms of seconda sy schools based
on the climate of Makassar,

2. Research Methods

2.1, Research .";iﬁm}:h’mm' Respondent

The present study was concducted at the 48 classrooms, which are used for the teaching and
learning purpose. The classroom buildings are maostly one fo bwo stories buildings. There are bwo
lypes of state secondary schools: State Junior High Schonl for vear 7 to % (Sekaleh Menengal Pertana
Megeri, which s abbreviated as SMPM) and Stake Senior High Schonl foryear 10 o 12 (aekolal Mewengal
Alas Negerd, which is abbreviated as SMAN], The locations of schools are spresd out From the city
center with busy streets and high-density settlements to the suburbs with lower density setthements,
Table [ shows the characteristic of surveved schools and samples. The schools wers chosen to represent
the six sub-districts in the city of Makassar, by considering the geographical conditions, and density of
buildings. Also, the accessibility to each school is one of the main considerations in this selection,

Tabde 1, The number of classes and students (respondents} of each school

Location Mumberof  MNumber of

R A e {Sub-Districtl  Classes  Students - p 01 SUYeY
1 ShPN 22 Makassar Rappocin ] 210 1 Anguast 3017
2 SN 4 Makassar Lijumng Tanak T 226 2 August 2017
3 ShAM 21 Makassar Tamalaniea [ 196 3 August 2007
e ShiA M 1 Makassar Fombnala [ 197 & _&113::5! 207
5 SMPM 20 Makassar bfangmala ] 13k T Augmast 2007
] SMPM 5 Makassar Taralanrea 4] 212 B August 2017
7 SMIPN 8 Makassar banggala ] 4 9 August 2017
E S 2 Makassar Mamajang 5 163 11 August 077

Tokal 458 1554

The specific areas and descriptions of sach school and classronms are explained as follows.
SMIM 33 Makassar is lecated in 2 high-densily settlement. The weather condilion was mostly sunny.
The messurements were conductirom 8:30 to 15:50, Measurements were carried aut in the six classes,
whiere two classes woere locabed on the grouned flooe, while four elasses on the first floor. The size of
the class is &3 and 56 g The height of the ceilings range from 2.8 m to 5.6 m. The opening in the
classroom was located on the left and right sides of the class with the total windosw area and total door
area of 21.7 m?, The natural ventilation is accessible through jalousies at the top and the openable
window underneath,

SMAMN & Makassar 15 located on Jalan Cakalang, about 2.5 km north of the cty center: The weather
condition on that day was mostly sunny. The measurement of the microclimate conditions in the
classroom started at 8:30 and finished at 12:25. Measurements were conducted in seven classropms.
Sin of classes ane located on grouned floor and ondy ore cliass on the first flooe, The Class sioe was varied
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between o and 72.35 m”, The ceiling heights range from 3 m o 39 m. The opening in the class
is located an the left and right sides of the class with the average window area on the right side of
11,75 m? aned the left side of 7 m?, The natueal ventilabion can be felt through jalousics it the top and
the openable window underneath.

SMAN 21 Makassar is found in a periphery of the dense residential area bordering the road
environment. The site was surrounded by less dense trees. The survey and measurements were started
in the morning at 10 a.m. until noon al 145 pon, The weather condition on the day of measurement
wins sunny, Messurerments were miade in six classes consisting of four Morth=-5outh onented classes
and bwo East-West ortented classes, Three classes ane located on ground floor, while other three on the
first flace. The area of each class 572 m® (2 m = 9 m). The buildings are permanent building type with
a plastered brick wall, and concrete tiles roof,

SMAN 1 Makassar is established in the area that is very close to the city center and adjacent to
arterial roads, The scheol’s site has a 1ot of trees. The measuremenls were conducted ffithe six classes
from 7:55 am. to 1130 a.mn. Two classes are located on the ground Aoor, bwo classes on the st Aoor,
aridd one clags on the second floor, The class size of the survey chject varied: 63, 72, 96, and 100 m?,
respectively. The heighl of the ceiling of the dlassrooms ranges from 3 mto 3.5 m. The window opening
in the class is focated on the leftand right sides of the class with the average area of the window on the
pight side is 10 m?* and the left side is 7 m®, The natural ventifation is accessible theough jalousies at
the top and a glass window underneath.

SMPR 20 Makassar is located in the suburban arca with less dense residential areas. The site has
less vegetation in surrounding buildings. IB weather condition was mostly sunny. The measurement
of microclimate in the classeoom was done From 8:20 &m. to 122400 pan. The classroom area was variad,
hetween &1 and 62.4 m?. E:* ceiling height of the classrooms ranges trom 3 m to 3.5 m. The opening in
the classroom is located on the left and right sides of the class with the average window area on the
right side of 12.4 m* and the left side is 6.26 m?, The natural ventilation made use of jalousies at the
top and openable window underneath.

EMAP™ 30 05 located inms high-density residential areas and bordering by busy roads.
The measurement and survey were conducted in e morming al 815 am, wnkil aflermoon ab Z:40 pon.
Measuremnents wiere made in six classes consisting of three Southeast->Ehwest oriented dasses and
three Mortheast-Southwest oriented classes. Four classes are located on the ground fAoor and two
on the firat foor, The size of each classroom is 7 m = 9 m (63 m7). The wall construction was the
plaster-brick wall, and the rool using tile, asbestos, and zine.

SMPM B Makassar is localed e Uve nexlician dullhi.l_y pesidestial and conunercial areas. In el al,
the weather conditions on tHay was sunny with some cloudy. The measurement of microclimate
ity the classroom wifl] done from B:300am. 1o 105 pan. Measurements were made in six classes,
four classes located on the ground floor and two classes located on the st foer, Except for one class,
the size of the fve classes was 63 I'.I'I:E-hl.‘ ceiling height of the classroom ranges from 3 m up to 35 m,
The opening in the class was located on the lett and right sides of the class with the average area of the
window on the right side of 10 m® and he left side is 8.5 m?,

SMAN 2 Makassar is also found in the mediom density residential and business areas,
The weather condition on that day was sunny. The measurements were comducted from 8230 a.m. 85
11:30 a.m. Measurements were carried out in five classes, one class on e ground fooen, beeo classes on
the first floor, and one class on the second foor. The size of the classes was varied, 43 m® andE m?.
The height of ceiling was ranging from 2.2 m to 3.3 m. The opening in the classroom is located on the
left and right sides of the class with the total window open door arca is 209 m?,

The distributions of respondents based on their age and sex are presented in Table 2, As seen
in the table, a numbmf female students are bigger than the male one. Basically, the normal age for
jumior high schoel is 13 to 15 vears and senior high schaol is 16 1o 18, The reason for a ligtle number af
students in the 18 vears group and a big number in the 11 and 12 group is may be caused by the bme
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af the survey. The survey was conducted in August, where the new academic vear was just begun.
Also, some students starled their primary school at e age of five vears and finished i in 11 vears old,

Table 2, The distribution of resposdents based on thieir age and sex

Sex S ey Total
I 12 13 14 15 16 17 15
Pefale 12 7B 124 111 a8 113 a7 2 559
Female 14 112 1583 168 176 214 123 5 Lo
Tesal 2% 1901 i 27 264 327 190 7 1594

2.2 Beeearch lestrumenggtion

The TEEE.."‘I hias been carried out using several instruments. The LSl-Lastem Thermal Comfort
hulti Logzer is a set of devices, which consists of several sensors and data logoers. The arrangements
of LSI-Lastemn applied in this survey including one data loggers and four sensors. The sensors ingluding
a globe thermometric probe (EST137) for measuring mean radiant temperature (MET) A portable
pevchametric forced ventilation prabe (ESU02) for measuring air termperature and refiative homidity,
and the hot wire anemometer (ESV106) for recording the air velacity in the classroom,

Figure 1 shows the arrangement of instruments inside the surveyed classroom (left), and the
images of instruments used in the survey (vight). Because there is only one set of L5I-Lastem
logget, additional instruments wene needed. Six HOBO loggers made by Onset. have been used
for this research, These instruments enabled us to measure the thermal environments at six points
in each classroom. Twa tvpes of loggers were used, that is, the HOBD emp/Belative Humidity
{(HH] logger (Hobo-1) and them.Jl'I»U temp/ KH/ Light/ External fogger (Hobo-2).  Four HCHE
temperature,/RH logpers were used for measuring air tempfaturne and relative humidity, and two
HOBO temp /RH/ Light/ External veere used for measuring ar temperature, relative humidity, and
airflowe velocity, The specifications of the instroments used in the data collection are displayed in
Table 3.

- = : = T T m -

il { 4l
= — -:|
3 - |

"L

Piodes: af LS TC b Habo-1, snd cf Hobs-2

Figure 1. The arrangement of instruments o the tvpical classeooms (eft) and the instruments
[rightl: (a} LS[-Lastem; [b) Hobo-1, Hobo temp/ Belative Humadity (2H); and (e} Hobo-2, Hoba
tempd RH S Light/ Extersal legier fairflow velocity),
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Table 3. The specification of instruments used in the surveys.

e Instrument Mame Range Accuracy Resalution
1. Black Globe Radiant temperature (EST131)
- Radiant temparahine —400 b B0 S WY (LA
Z Payifometor Sensor (ESUT02)
- Adr temperature —Sto+60°C A oL " C
= Relative humidity ke TN M 1=
3 Haok wiee anssnometer (ESV106)
n— Adr velocily 001 to 20.m/s A Q01 mfs
4 HOBO Temp/ RH legger {IXAD0-011)
- Air ternperature —20 to 4710 50 +0.21 5C 4 =C
BB Relative hurridity B b 95% =25 0,054
= HIOHEC Temp AR/ Light / External (LU12:012)
- Adr Fermperatune =20 b +370 70 +(1.21 " i =C
= Relative humidity 5 ke 95% =25 (LA L
- A velovity OO15 b M m s 05 m s M

Mobe: NA = Mot available.

2.3, Daka Colfecho

The primary data has been collected through survey and questionnaine methods, The coflection

ol data was carried oul as follows:

1.

Survey on objective measurement was conducted to collect the personal and the thermal
environment data. Personal data was gathered by collecting the cloffing and the activity of
each respondent. The sensors for measuring the environmental data were attached at 100 e
above the Boor fevel 2000 Bocause of the limited number of cquipment, the MET (Meant
Kadiant lerfiferature) was only recorded at one point that wns‘e center of the room, while the
air velocity, air temperature, and the relative air humidity were remrded. twn points (A and Bj
The instruménts placed in other points C I, E and F only measened the air tem perasture and the
[ ative air humidity {see Figure 1).

Survey on subjective measurement was conducted to measure the level of thermal comfort of
responcents. The survey carried put by using questionnaire technique, which was adapted fram
Wong and Khoofihd has been used in the previous study [%0.34. The questionnaire included
seven questions, which captured the thermal sensation vobe (TSY), thermal combort vote (TCV),
thermal preference and thermal acceptance of respondents. Tn addition fo the air temperature,
the questionmain: also imtended o obkain the respond ents” voles on the aire velocity, air velocity
pricference a8 well as the humidity n[nammc:ms. The TSV mesponses were measured Dased
on ASHEAE ﬁtan.rd 55, which uses a seven-point scale to measune the thermal sensation of
responidents. The thermal comfort can also be measured by asking the thermal preference and
acceptance of ocoupants, Thermal preference related to the question of whether the ocoupants
profer e warmer or cooler or ne change. In addition, guestions related b the air veloeity
and the humidity had afso been included in the guestionmaire (Table 4}, In the top part of the
guestionnaire, respondents are reguested to write down his/her school name, class, student
name, aex, age, clothing ensembles, weather condition, and his/her pasition in the classroom.
Students Al out the questionnaice after at least 25 to 20 min sitting in the classroom. In order
to prevent the error in choosing the relevant answer based on their feelings and preferences,
an explanation on the indicator used in the questionnaire has been carried out, for example,
the ditference between “cald”, “conl”, “neutral”, “warm™, and “hot™,
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Table 4. Thermal comfort questionouaire {adapted from [30,54]0.

ik

1. How do you feel about the temperature in the classreom at this moment?

1 eald

O el

[ slightly cool

O meutral

Ll slightly warm

O wearm

O bot

2, Do you comfortable new?
1 mnach boan crsol

Ll o cool

[ comfostably conl
[ comifoe table

[l comfortably warm
[ gt wearmn

[l much oo warm

3. What de vou like to be?
O conler

El mex change

L warmrer

4, How do you rate the overall acceptability of the lempermiure at this moment?
Ll aeceplakle
[ nart acceptablie

3. How do you feel about the air velocity in the classroom at this moment?
1 poo-stall

Ol shightly still

Ll just right

Ol alightly bresey

[ 1o breezy

i, What da vou like to he about the air velocity?
O anctease velocity
[ poy change

m} “«'n—eum‘. verlocaty

7. How do you feel abrout the humidity in the classroom al this moment?
O mnuch foas humid

 toa h.u_itl'lr.i

[ slighfly humid

Dl st right

O slightly div

(] ﬁ ibry

O much too dry

The sttuation of survey and measurement in the selected classrooms is shown in Figure L
The figure showws the students clothing and activities during the survey and measurement.

I'ypically, secondary students have five types of uniform that is, regular uniform, fabik uniform,
praneder uniform, Moslem unifoem, and the sports uniform, The regutar, hetil and prapeda unilorms
basically have the same cothing ensembles, They ane eoly different interms of clothing s colon. The regular
uniform for male students is a lizht short-sleeves shirt with light trowsers, which has a clothing insulation
of 057 clo. While the regular uniform for female students is light long-skirt (ankle-length skirt) and
long-sleeves shirl with ciothing insulation of 0.71 clo, Most of the female students wiore regular uniform
anel hijaky with clothing insulation 080 cle [41], Hiab isa veil weermn by Moslem women, wihich ussally
covers the hiead and chest, Small numbers of fermabe students wone ight long-skirt and shortesleeyves shirt
with clothing insulation (L67 cho. Except for ensembles with hijab, all other clothing insulation values have
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been taken or calculated from ASHRAE Standard [%]. The details of clothing ensembles with its clothing
insulation using the present study are illustrated in Telle 5.

The activities of students during sureeys and messunements wene mestly stting and seacling, Tn the
ASHRAE standard, this kind of activity has the metabolic mte of 100 1 lowever, several kinds of literature
proposed the estmation of the metabolic rate of students, which is different from an adult. The IS0 5856
provides a guideling in the caleulation of metabolic rate [42]. The melabolic rate used in this ressarch has
been increased Tron the Hgure of adult medabelic rate (100 B 1.2) | 14450, The incresse of this number is
b accomrmodate the fact that students are smaller than iu{ullt.vhich has smaller body coverage, In fact,
this metabolic rate has been used by Wong and Khou [30] for thermal comfort stuely of seeondary school
students in the opic.

Table 5, The clothing insulation (clo} of ensembles wear by students.

i Clothing Insulation Plus Thin Sleeveless
Unifarm Type Emsembles “ﬁ'hﬂ T—
I,I::ann Troarsitrs, Shirt-slesvs shitt 057 67
Trowsers, hong-slesve shirt 41 07l
Waslen Lniform Trnsers, lomg-sliove shirt 0.1 .
Sport Uniboem Sywread pandy, short-slaese sweatshint orn -
bt Ankle Jength skint, shrtioeve hirs A7 077
Ankbe-lenpth skirt, lemg-sleeye shir 071 .41
Ankle kit long sleeve shitt. hijab (LB 1
Moslen Lniferm Agnikle-lerigth skirt, long-sleeve shirl 071 3
Al fEngth =Kirt, lomg-sioe e shit, hijab 0.0
Spart Untiforin Sweal pants, longsleeve swealshizt, hijab (44

= Thir waliee Is adophed froo [41] all sther values are derived from |30

L1111

L1

Figure 2. The siluation of survey and measurement in the classrooms. Students cledbing for each pholo:
[a] Respualar uniform for SAMN; (b Begralar eniform for SEER; (eh Hatds anifoemg and (d) Crenaa anifonm,
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2.4 Data Processing ard Analyses

Data analyses woere carridijout by spreadsheet software M5 Excel and the statistical package
for social science (SPSS). The spreadshect has been vsed to calculame the mean value of thermal
E-n!.-'i::m'ental variables and to generate tables showing the micraclimatic condition of classrooms.
For the statistical analyses, a stalistical ‘mltwanuf’b‘r veraion 1 has been used to calculate regreasion
analyses. The regression analyses examine the correlation and the linearity of data between TSY and
operative bemperatun [n], TCV and operative temperature (T, ), and betwoeen PMY and operative
temperature (T,). The TSV and TCW were gathered from the respandents’ votes written in the
questinnnaine, while the PMY calculated based on ASHRAE standard [30] using the spreadsheest
software developed by Farina [45], The PMY values calculated by spreadsheet soflware hasa good
agresment with calculation example provided in ASHRAE standard [36]. According to Micol [45],
m problam of using MY in predicting thermal comiort in a hot climale in mopical countries because
ol the air lemperatuee amd he air velocity exceeding the Hmit that can be handled by PMV. Even
therueh the ﬁ:mperutm‘u exceeds the limit of PMY model, a number of res-r_‘-el.rl_'lwﬁ-hll used it as
an indicator to evaluate the thermal comfort of buildings in the tropic [30,32,47]. The TSV votes were
grouped according o ASHREAE scale, while the TOV was grouped by sing Bedford scale.

Ta calcutate the PMY for each respondent, the availability of four corresponding environmental
variables as well oz two personal variables for cach respondent ntsal.'ntiul. Howeever, not all these
variables were collected at all points of measurement doe to the limitabon of equipment. The MET
was only measured at the center point of the classroomes, while air velocity values were only measured
at two points, that is, & and B. To simplify the procedure of caleulatior the MET values were applied
to all points. Regarding air velocity, the arrangements were: the values of air velocity collected in
Aowere shared with the peints C and E, while the ones eollected at poing B woere shared with points
[ and F, respectively. By applying these arrangements, all respondents, who were sitting near the
peint of measurements, had all six required variables. These enabled us to calculate the PMY values.
Based on the four environmental and two personal variables, the PRMVs for the 1594 respondents have
breen caleulated.

Research mesults were analyzed based on the statistical analyff§ using SI'S5 version 16
The statistical analysis used in this research was regression analysis, which is based on Peaiffiin
correlation. The acceplance of linear regression analyses was determined by lwo criteria: the fest
of linearity of regression (F-test) and the significance of equation coefficient {i-test). The squation is
stitistically Hoear if the absolute value of F > P and s value < its probability (005), The F e,
for the case Is 3844, The equation coeflicients are significant if Ihe 2bsolute value of 1= fyy, and
b st vadoe = half of its probability (CU025 for two tails). The fpe for infinity number of degree of
frevedam is 19680, The data used for statistical analyveis, have been verified by checking their normality
and reliability.

3. Resulis

3.1, Classroem Conditions

The classronm conditions recovded in the 48 classrooma from eight secondary schonla. The surveys
were conducted in eight days in August 2017 (thSilites of the survey are shown in Table 1) Most of the
surveys have been carried out in the sunny day where the average outdoor temperature was 29.7 °C,
with minimum 23.7 °Cin the morning and maximum 33.4 “Cin the daytime. The average relative
humidity at thal time was 62.2% with minimum 5000 and maximum $5.8%. This autside thermal
environment was gathered lrom Melecrological Station located al the Sullan Hasanuddin Intermational
Marport (5745, Iim3 E, 17 mabuove sea level) sbout 20 km from city center, The thenmal concitions in
inside classmooms are presented in Table . The table shows that the minimum air temperature 282 °C,
the average (L8 “C, and the maximum 33.6 “C. These indicate that these classmooms experienced high
temperature during the day. The air lemperatures are outside the comlorl zone as 5pﬂci[iad in the
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national standard [39] and ASHRAE standard [26]. The relative humidity (KH} ranges from 53% to

o with an average of 8%, indicating that mes! of the air humidity bas already been in the camifort
sone, The Indonesian national standard (SMT)03-0572-2001 specifies that the theemal comfort zone for
nr_r comfortable room is within 22.8-25.8 "C T, {11 about 50%) [39]. Even for the comfortably warm,
the air tomperatures in the classrooms were not satistied the SN, which specifies the comfortably
warm zone within 25 98-27.1 “C T, (KH about 30"%). Mest of the classes experienced low airflow rate
with average velocity was 015 m /s,

Table 6. Thermal conditions of the surveyed classmoms,

mﬁtmdimati: Tartors Pelean Btandard Meviation (507 Tinimgam Flaximum
Adr temperature (1,) in “C £ 13 282 356
Feedative humidity R {%) 5a.e Bt 4.1 s el
Mean cadian femperatere (MED) in "C 308 1.4 2h1 FiA
ﬂpmuhwr bermperatune l;'l'l.r.': in " AE 1.4 82 356
AT 1.'9|r,||_'ir_\-' {mf=} @15 [LiME .05 050

Figure 7 shows the mean, minimum and maximum operative temperature in the individual
school, The mean operative kemperature in each surveyed scheol is very different. Most of the schools
hawe the high mean eperative temperature, which in the ranges of 30 10 32 “C, Only wo schools have
mean aperative temperature lower thian 30 °C, that s, SMAN 4 and SMAN 1. The figure also indicated
that all surveyed schools have hot thermal environments during the school day
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Figure 3, The box plot of operative femperature on each school,

3.2 Students” Kesponses ﬁn’:r Thermal Envivonment

Students” response o the thermal environment in the classrooms esed on the indicator of thenmal
semsation vistes (T5V) can be seen in Figure 4. As shown i Figure 4, about 37% of respondents vited the
neutral () option, while about 20 vote slightly cool (1), and more than 30% vote slightly warm (+1)
A total of about 87% students voled for the three central options [—1 to +11. Interestingly, there were only
about 12% of them e voted the unconthortable warm and hot regions (+2 o +3h Thiese votes confirmed
that despite the hot femperafure in the classmoonms, most of the students still felb comfertaile,

Regarding the TCV, most students (more than 4591 voted the comfortable () option, almost 309
voted comfortably warm (+1), and about 10% of them voted comfartably coal (=1L Similar o the TSY,
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the percentage of respondents who voted uncomfortable areas (+2 and +3) i3 12%. Very few students
virded the uncomilortably cold oplicn, Different figires are observed in the predicted voles using the
MY method. In this indicator, only about 23% of nespondents wene categorized as slightiy wirm (+1),
and more than ¥7% of respondents felt warm and hot {+2 and +3).

The details comparison of votes between PMY and T5Y in different school can be observed in
Figure 5. The mean PMY values are lay in between 1.5 and 2.5, The trend of mean PMY is zimilar to
the mean operabive temperature of each school as shown in Figure 5 This can be understood that
bewanse the PRIV s caloulated foom the operative temperature, Even though the operative temperatune
quite different from ene school o another, the mean TSV votes most of the students from seven schools
were very similar, whkﬂlnﬁe o zero (D).

Students” resporize to the thermal environiment in i classrooms based on the indicator of thermal
preference ca:n::e seen in Figure 6 (left). The figure shows that the majority of respondents (87"%)
preferred the air lemperature in the classrooms e reduced and that fewr of thern (13%) falt that
(= temnperature was righl, so they did nod wanl b increase or decreaze the air temperature in the
classroomms. Students’ response to the therma! environment in the classrocms basad on the indicator
of thermal acceptance can be seen in the right part of Figume 6. As seen in the figure, the majority of
respondents (80%) accepted the conditions of the classrooms; only a small proportion of them (20}
did mot accept thermal conditions in their classieoims.
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Figure 5, The comparison between the MY and T3V (thermal sensation vodes) of individual schools
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Figure 6. Rispondents' thermal preference (lefel and thermial acceptance (right).

3.3 Studvrts” Resporse fo e Ade Vefoothy

Students’ response to the aieflow in classrooms based an indicators alr velocity voles can be seen
in Figure 7 (left). The figure shows that (le majority of respondents (681% rarely Tell airspeed and
wnly aboat 31% felt the speed of air flow {just right), These may indicate thiat the existing natural
ventilation system was not able to supplv enough airflow into the classmoms. Ia'ﬂ'e;l'i.ngl_'r', anby 1% of
respondents fell disturbed {the air flow was too breszy) by the airflow in the classrooms, Students’
response e airfflow in dassrooms based on air velocity preference can be seen in Figure 7 (right).
The figure shows that the majority of respondents (alinost 70%) preferred to increase the airspeed and

umly fess than 5% wanted to decrease the speed.

0.0% | 70.0% —
m H.. B e | 1 “.n "
50.0% 50.0%
& ow| E
5 40.0% g A0.0%
a 30.0% | = i 0 10,04
|
20.0% - | | L |
10.0%T | —1 I~ | 10.0% ]
.0 ' . ot | ! )
o arflow  Livile  Jus rigle Tan Predar iz st righi Preder b
sl brasry clocrenis FEfBaRS
Alr velocity voles i wolochy prafarence

Figure 7. Students’ responses to the air velocity (left) and their preference (rght).

34, .'ﬂm’wn‘s' Fesponae fo e Air Humidity

m Students’ responses to the air humidity conditions in the classroom based on humidity votes
can be zeen in Figure 5. The highest percentage of respondents (41%) felt that the humidity was
combortable (just right), More than 95% of respondents voted at the theee scales in the centerline,
which indicated that the humidity in the classrooms met the respondents’ needs.
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Figure B. Students’ response to the air huemidity

3.5 Newfeal Temperature (1)

Another indicator for evaluating the thermal comfort is neutral temperature. According to
Feriadi and Wong [32]. the neutral lemperature is the flimperature where most of the respondents
wate neatral (0 category in the ASHRAE scale. The neatral temperatune caleulated by applving
simple linear regression between the 15V as a dependent variable and the operative temperatune
{Ta) as an independent variable. For comparison, the millmrﬁnuuld also like toinclude the neutral
temperature gathered b the PMY and TCY variables. Figure 9 demonstrates the relﬁﬁnmhip':hueefn
the independent variable, operative temperature (T, with the dependent variable, PMV, TSV and
TCY, respectively. The relationship between these three pairs in producing neutral temperature values
is ditferent.
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Figure 9. The scatterplot and regresswon between: {a) the operative temiperature (T, ) and the PMV:
(B] he operabive temperatune (T, and the TSV and () the operative femperatine (T,) and the TCY
[thermal comfort veda).

The first lmear regression bebween the dependent varable PMY and its independent variable
{Ty) is presented in Equation (1), The statistical values (B* 0927, F 20280, and Sy, 0.000) indicated
that the linear regression between the two variables is statistically significant. The {-test for regression
coefficients showed that the ¢ values of constant (| —106.084 | ) and the operative temperaturgl 42.406)
e higher than 1960, which indicated that both cocfficients are statistically significant. By using
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Equation (1), the value of PMY =0 (1,,) will be obtained when the oparative temperature is 23.0 “C,
which means that the respondents would feel neutral af an operative lamperatiee of 23,0 °C,

PRV = (0.250T, — 5.953, (L)

The second linear regression between the dependent variable (TSV) and its independent variahle
{1} is shown in Equation (2}, The linear regression is statistically significant, This is supported by the
statistical values of B 062, F 104569, and Sig, 0,000, The f-test for regression coefficients showed that
the tvalues of coefficient of constant { | —%.A04 [ ) and the operative temperature (1(L216) are higher
than 159680, which indicaled that both coefficients are 51“5.!;14:3“}' sigiificant. Therefore the Equation (2]
can be used to predict the TSV when the T, is known, By asing Equation (20, the valoe of TSV = 0 (Ty)
will be oblained when the operative lemperature is 290 °C which means thal the respondents would
feel neulral at an operalive lemperature araund 200 "C. With the cperative temperature of classrooms
ranging from 282 7 C up to 336 °C, some respondents would predictably feel neatral,

TSV = 0L175T, - 5.074, i)

The third linear regression between the dependent variable [TV, and its independent vanable
1) is presented in Equation [3). The statistical values K* (1047, F 152381, and Sz, 00000 indicated
that the linear regression bebween the bwo variables is statistically significant. The -test for regression
coelficients showed that the ¢ values of coefficient of constant {(1=11415 1} and the operative
temnperature (12.344] ane higher than 1960, which indicated thiat both coefficients are st@itically
significant. Therefore the Equation (3) can be used to predict the TCV when the T, is known, By using
Equation (3}, thewvalue of TCV = 0 (T,) will be obtained when the oparative lemperatune is 28.5 “C
This means that the respondents would feel comfortable at an operative lemperature aboul Z8.5 L S
This value is similar (o the neutea] fempesture obtained by Equation (2),

TCY = 0,247, — 5814 13
4. Discussion

[ The dasstoom condition of the surveyved sceondary schools shows hot thermal envicenments,
The indoor air h!m:plﬂl‘ure ranging from 28.2 °C to 356 "C with average 3008 “°C, which has already
beyond the thermal comfort zone as specified in the ASHEAE 55 siandard [%6] and the national
stanudliard [3%]. This condition could have the problem for students [45], However, the students’
responses on the thermal sensation give very different Ggures, whene more than S0% voted within the
central (=1 to =1} option. This thermal environment guite similar to the one recorded in the naturally
ventilated secondary schaol in Singapore [30] and in the residential buildings in Jogyvakarta [32].
These indicate that naturally ventilated buildings in the tropic ared in South East Asia experience hot
temperatune during daytime.

I'he high percentage of students (more than 85%) voted in the centerline options (-1 to +1) either
in Tn‘ of TUY shosws that students are comiortable in the classrooms despite their haol lemperalurne.
The percenta ) of respondents who voted O {eemfortable) in the TCV i higher than the percentage of
.s.]mndmts whi voted O {neutral} in the TSV, A similar resultwas found in Feriadi and Wong [32],
where about 40% of respondents voted the O (comfortable) in the TCY and only less than 20% voted
the 0 (neutral) in TSV, Ferfii and Wang [32] proposed bwo reasons for the difference between TS5V and
TOV. Fiksdly, respondfEits are anore siringent when they vole for the Ihrrmal sensation than the thermal
comborl perceplion. Secondly, there is @ lendency foroccupants in naturally ventilated buildings o
percedve cold (coolness) as comfortable:

The mean vote of PMY mede] overestimates the actual votes of respondents iy and TCW
This result agrees with a vesult of a study done by Feriadi and Wong [32], where they found that the
PRIV always overestimated the actual votes of respondents in the residential buildings in the tropics,
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Mare resplients are predicted to vote uncomfortably warm and hat in PMY rather than in the [5Y
and TCW. T improve theERuracy of PMV in predicting the thermal sensation of occupants Fanger
andd Toftiom E-ﬂ:\mpuziu an gntﬂﬂsir.’:h of PRV to be uppli!_mbil.' i thn:_: nakurally ventifoted Buildings,
In this study, Fanger and Toftum proposed the reduction of the estimated metabolic mate, and the
calculation of expectation factor . The expectation factor derived from the equation as follows:

TSV =& = PMVY, (4

The expectation factor ¢ gathered trom Equation (4) is (L15. This Iigure- is very low in comparison
o the lowwesl expectation factor pr np-:nsem'_n.-' Famger and Toltum [49], with & minimm valoe of (5,
The expectation factor ¢ 0.5 1s suitable for non-air conditioned buildings located in regions with few air
conditioned buildings, warm wealher during all seasons

We already know that one reason for the discrepancy between fhe PMY and the actual votes TSV
and TOV is that thee accuracy of data inputted inte the model, ViERan anrue that disagreement bebween
'MY and TSY is mostly dependent on the determination of clothing insulation and metabolic rate
used in the PMY model because the four other variables related to the thermal environment were
recorded directiy from the surveyed classmoms. For example, using the clo values as specified in
the ASHEAFE standard [36] will give higher FMY value in compansen o the clo values used i the
Teli et al. [14]. This 1= also true for the determination of metabelic mbe. This has a big impact on
the caleulation of PMY. Therefore, the clothing insulation and metabolic rate should be calculated
accurately as demonatrated in Al-ajmi et al. [11], Havenith [13], and Haddad et al. [14].

The neutral temperatures obtained the actual volea (TSV and TCWV) are very different with the
neutral temperature obtained the predicted one (PMY), The PMY predicts the neatral temp@@ture for
this case is about 23 °C, which about ¢ "C lower than the TSY and TCW. [n the room with operative
temperatures (T,) ranging from 282 “C to 336 °C, no respondents will be predicted neuatral or
comfortable using this PMY model, The neuteal temperature gathered from actual votes TSV s 29.0 °C,
This temperafiflie has a good agreement with studies carried out in the tropics. For example, neutral
temperature found by Wong and Ehoo [ 4] in sthool buildings in the tropical city of Singapore is
anly 1.2 “C lower than this pres@iistuedy. Based on the two days survey and measurements in the
secqfERlary schoal, they found the neutral temperalure of 28.8 0 Another study by de Dear [47] faund
the nenfral temperatuee of 28.5 “C. Periadi an@;ng [32] found the neutral femperature in Jogyvabkarta
Indonesia of about 29.2 *C, which [ little bit higher than the neotral emperatune found in this study.

Considering the limitation of applhcability of MY model in predicting the thermal sensation and
neutral bemperature of respondents, the adaptable thermal comfort should be used, Several schools
have provided means of increasing thermal comfort such as fan and openable windows that can be
open when in need. Some female students also carned a small battery-ooerable portable fan to increase
her comibort, The explanation af this adaptable thermal comfort will be discussed in another article in
the Fulure, which is combined [he survey cammied oul in the primary and secondary schools.

5. Conclusions

The measurement ol classrooms in the eight selected secondary schools in the tropical city of
Makassar showed hot air environments. The air temperatunes ranged from 28.2 °C in the morming
to 336 “Cin the midday, The radiant termperatures (28.2 °C to 330 °C) were very similar §ffihe air
temperature, The airflow speeds were fairly stagnant, characterized by an average of (.15 m/s and
a maximum of 1.5 mys, The only parameter that could meet the Indonesia national standard (SN is
the @i humidity, which is ranging from 44%, o 73% with an average of &%,

The thermal comfort survey results show that secondary school students were tolerant of the hot
temperatures. About 37% of respondents voted the neutral (1) option, while about 20% voted slightly
coal (1), and more than 30% voted slightly warm (+1). Intevestingly, there were anly about 12% of
them who voted the warm and hol regions (+2 o +3], These vales confirmed Lthat despite the hol
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temperature in the classrooms, most of the students stll felt comfortable. |n fact, more than 8a%: of
respondents accepled these thermal canditions. Fyen though the acceptance rate is very high, i there
i i chanoe, 72% of respondents wanted cooler air bemperature, Most of the nespondents did not feel
the airfiow in the classrooms so that most wanbed the increase in airflow velocity, A very small portion
of respondents complained about the air humidity.

The result of the calculation of neutral temperature (T, ) using a model predicted mean vote (M)
produced the value 230 °C which is very low when compared with the eperative temperature in the
room, It s smadler than the valee of the neatral temperatare (T ) obtained from thee actual vores either
by TSV or TCV, The T, obtained from TSV and TCV wene 2900 °C and 285 °C, respectively.

This study suggests that in the tropical Indonesian city, the secondary school students ane able
to acclimatize themselves with respect to thermal environments, which are bevond the comfort zone
specified by the international and national standards. The evidence sncourages the use of passive
design in the school building construction and operation. There is a great potential for passive
design working with elecirical fans Lo lower the classroom temperature in response o aludents’ needs,
This stuey, on the other hand, suffers from several limitgons, cspecially the availability of equipment,
which handicapped the accuracy of the measurement, Future studies shall deploy mone meters and

sensrs working simuﬁn-eum;!}: to coellect data on thermal ensironments.
-£5
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