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ABSTRACT
The climate in tropical regions was affecting the level of thermal comfort of the individual while accommodating the
residential buildings. Residential buildings especially student residential colleges in Malaysia were mainly build
depending on natural ventilation systems as a tool to facilitate comfort in their daily life without the consent of the
mechanical ventilation system such as air conditioners. This study has been done by distributing a questionnaire to
the occupants who live in the naturally ventilated residential college and conducting an interview series with a
college management officer to prove and validate the data collected throughout the study. The result of the study
shows that students most likely will change their behavior due to the level of heat stress in the dormitory. Statistics
from the data collected shown that students were very relying on the support of the mechanical ventilation system
and they are also keener towards wearing a thinner and comfortable clothing material as it will help them to reduce
the heat discomfort throughout the day. This study also shows a positive correlation analysis between the
relationship of low ventilation flow and the level of indoor thermal comfort. This situation is regarded as the
environmental factors that play important roles in the level of thermal comfort in a residential building, especially in
tropical climates.
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INTRODUCTION
Malaysia is a tropical country that is known for its hot, humid, and rainy climate throughout the year. Climate
change in Malaysia is influenced by its strategic location which is intersecting route to the monsoon winds that
caused dry climate during the southwest monsoon which is starts from late May till August, and heavy rains during
northeast monsoon from November till February all year round. This phenomenon has contributed to the heat stress,
wind flow patterns, and humidity level that influenced the comfort level of the locals [1].
Climate indeed was the main factor that affecting the comfort of human life. Humans will strive to adapt to their
surrounding environment to reach their standardization of comfort, well-being, health, productivity, and
performance. Climate factor has caused the thermal comfort issues in a residential building. Thermal discomfort in
student residential buildings will affect the student’s learning process and productivity [2]. Thermal discomfort
issues in student residential buildings were triggered by the excessive numbers of student enrollment in higher
education institutions (HEI) which is recorded from 664,402 students in 2010 to 1,134,134 students in 2012 [3].
However, the increasing rate of registered students was unbalanced with the facilities provided by the university
especially in terms of students accommodation centers. This has led to overcrowding issues prompt by the
arrangement of a student’s placement in one room [4];[5];[6].
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The building trends of multi-story hostels with natural ventilation and ceiling fan for student residential college will
lead to negative effects on the comfort level of the occupants [7]. The multi-story building in the tropical climate is
known for its capability to manipulate wind sources as an element of natural ventilation. However, the conflict and
inconsistency between air velocity and high-temperature pressure throughout the building have created a stack effect
problem that disrupts the thermal comfort level of the occupants [8]. This scenario will cause an increased level of heat
accumulation in the rooms and will trigger psychological tolerance in response to the heat changes in ambient
temperature. The act of opening doors and windows will allow natural ventilation to stimulate the airflow and heat
transfer from the building [9].
Thermal discomfort in residential buildings forced the occupants to alter their act of behavior to create a comfortable
indoor thermal environment that will help to generate the possible comfort factors available [10];[11]. The stimulating
action beyond the occupant’s norms was an effort done to reduce the thermal stress experienced by the occupants in
their living environment. Occupants adaptive behavior regarding the unsatisfied comfort level will contributing to the
massive wastage of natural resources such as energy consumption and increasing rate of financial cost [12];[13].
Each individual reaches a different level of thermal comfort than another individual due to the behavioral adjustment of
a person itself in an effort to obtain a balanced and comfortable body temperature for daily living [14]. This behavior
adaptation functions in generating individual social interactions that require individuals to train themselves mentally
and socially in creating a healthy living environment [15].
[16] stated that high-temperature exposure in natural ventilation residential college will generate a tolerable student in
adapting to such environment. Student’s acceptance towards the uncomfortable temperature is overcome by conducting
a behavioral adjustment by increasing the air velocity in the room by turning on the fan, opening windows and doors to
increase the flow into the room, and wearing thin and comfortable clothes of fabrics. The student’s dependencies on the
natural ventilation due to the absence of the air conditioning system in their dormitory had forced the occupants to
accept their living environment. The action of behavioral adjustment involving changes in student behavior helps to
increase thermal comfort levels while accommodating the residential college throughout their study years [17].
Thrmal Comfort Model
The thermal comfort model is an important component in the development of the design and operation process of the
building. Worldwide research regarding the thermal comfort model was conducted using two methods which are
known as a universal model (Predicted Mean Vote (PMV)) and adaptive model [18];[19];[20]. Both methods of
approach are used to identify the factors that lead to the level of an individual’s thermal satisfaction while living in a
building. In this paper, only adaptive model will be discussed as it emphasizes the balance between human behavior
towards their living environment [21];[22]. This concept begins when human thermal comfort was not only influenced
by the environmental factors itself but also greatly influenced by the individual acceptance and flexibility towards the
environmental factors [19,23]. This proved that individuals naturally adapting through behavior changes according to
their preference of acceptance [24];[25];[26]. There is three types of adaptive model as shown in Figure 1;
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Fig. 1: Adaptive Model [21]
 Behavioral Adjustment
Building efficiency will be achieved once the building system can create a positive interaction among the occupants.
The accessibility to control comfort elements such as temperature, solar gain, air velocity and humidity according to
the occupant’s perspectives and demands will increase their tolerance towards the environmental conditions [27].
Personal response is a result naturally made from human reflex in responses to their bodies. Behavioral adjustment
is divided into three categories which is personal response (personal), technological response and cultural response
(cultural). These three categories are acts and behaviors performed consciously or unconsciously by each individual
to obtain optimal body temperature [21].
Personal response is the willingness of the individual to make controllable behavioral changes to achieve their
desired or optimal level of comfort [28]. Environment such as ambient temperature plays important roles regarding
the action made by the individuals towards the surrounding atmosphere such as opening window when the air airflow rate was low, wearing thinner clothing material to stabilize body temperature, avoiding outdoor activities and
so on [29].
Modern technology approaches nowadays also contribute to the improvement of human comfort. The improvement
of the mechanical ventilation devices such as fans, air conditioners, insulation and many more have become human
requirement to be owned and installed in every residential units to maximize the living comfort. Meanwhile, living
culture responses are activities performed by individuals according to local weather and climatic conditions such as
sunbathing [30];[31].
 Physiological Adjustments
Physiological adaptation is a body response system towards the changes of the ambient temperature and heat.
Typically, human body systems require a time to tolerate and adapt to thermal changes until an optimal level of
temperature equilibrium can be reached by their bodies. Physiological adaptation is divided into two types, which is
genetic modification and adaptation to a new place (acclimatization) [21]. Genetic modification is special genetic
traits inherited from familial lineages that contributed to a custom personality or habits that cannot be reoriented by
the heat and climate factor around them. Acclimatization is an adaptation in a new place or a process of individual
acceptance towards the new environment in terms of temperature and climate differences factors. Typically, each
individual needs a certain period to tolerate and adapt to changes in their environment. Poor level of physiological
adaptation will lead to several conflicts of human life issues such as low productivity, health problems, fatigue and
others.
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 Psychological Adjustment
Psychological adjustment is an individual's perception and response in adapting situations beyond their expectations
using thoughts and emotions. Each sensory system will transmit different acceptance and sensitivity in dealing with
their environment. Individuals who are exposed to unpredictable temperature beyond their normal norms will tend
to develop immunity to thermal stimuli where they can cooperate with local climate change more easily than other
individuals. Psychological adjustment is very important for generating positive thinking, increasing individual
productivity rate, alertness in emotional control and so on [21].
METHODOLOGY
66 respondents which are the occupants at the residential college were taken as the objects of the questionnaire
surveys and the field operative air measurement of the residential colleges at Universiti Tun Hussein Onn
Malaysia (UTHM) namely Kolej Kediaman Perwira were conducted from May to August 2019.

Data gained from the questionnaire survey were analyzed thoroughly so that occupant's adaptive behavior
can be examined for further investigation. Table 1 shows the selection of daily activities of occupants that
occur at the research location. All elements related to mechanical ventilation usage have been recorded
with the high status of average mean index among other elements which are Switch on the fan (4.6),
Dependent towards fan usage (4.5), and switch on a portable fan and a ceiling fan simultaneously (4.3).
This proved that the high dependencies pattern towards mechanical ventilation systems such as ceiling
fan and portable fan in the dormitory shows low ventilation flow factor in their rooms. This action
mainly due to the occupants’ responses that were related to human reflex against their thermal discomfort
from the surrounding. Individuals tend to make some changes to gain their optimal level of thermal
comfort while in the building. In this case, students’ most likely dependent on the mechanical ventilation
units to achieved their preferable comfort temperature [32];[16]. The number of fan units in one
particular room has been affected the airflow rate in space and this is the factor that causes students to
have a high level of dependence towards the mechanical ventilation system during their time
accommodating the student residential college. This statement also supported by the Assistant Hostel
Manager of Perwira Residential College which stated that:
“One fan unit in each dormitory is not sufficient and will not be able to provide comfort to students.
However, this issue is difficult to fix as it involves a huge amount of costs.”
The choices of clothing also depend on the climate factors. Clothing and skin are considered body
insulators that protect humans and provide heat resistance from environmental elements. Clothing is an
element that allows the body to accept the heat and climate changes [33]. Wearing thinner clothes also
recorded a high average mean index value (4.4) which is triggered by the high heat stress in the room.
The adaptation of an individual’s clothing is influence by fashion, gender and activities factor throughout
the day. The amount clothes of one person wears in their daily life also depends on the outdoor
temperature experienced [19]. However, when the individual was resting in their house/room, they are
free to choose the type of clothes they favored. According to [34], building occupants in hot climate
regions most likely choose light, loose, brightly color, and sweat-absorbing fabric material clothing to
interpret comfort and to allow air movement throughout the body. In this research, students most likely
change their attire to wear comfortable clothes that will give them satisfaction and comfort while
accommodating the room. This action is controlled by the individual itself, so when they feel
uncomfortable, they are free to achieve the desired level of thermal comfort by wearing their preferable
clothes.
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Elements

Table 1: Student’s Adaptive Behavior.
Comfort Scale
1
2
3
4

5

Mean

Status

35
(53.0)
30
(45.5)
45
(68.2)
44
(66.7)
39
(59.1)
24
(36.4)
16
(24.2)
19
(28.8)
18
(27.3)

4.4

H

4.1

H

4.6

H

4.5

H

4.3

H

3.7

H

3.3

M

3.8

H

3.3

M

Frequency (%)
Wearing thin clothes
Opening a doors and windows
Switch on the fan
Dependent towards fan usage
Switch on a portable fan and a
ceiling fan simultaneously
Easily awaken in the middle of
the night
Opening a window or a door
while sleeping
Shower regularly
Changing the furniture layout of
the room

0
(0)
2
(3.0)
0
(0)
0
(0)
1
(1.5)
6
(9.1)
7
(10.6)
4
(6.1)
12
(18.2)

2
(3.0)
5
(7.6)
1
(1.5)
1
(1.5)
3
(4.5)
2
(3.0)
12
(18.2)
2
(3.0)
5
(7.6)

6
(9.1)
8
(12.1)
6
(9.1)
8
(12.1)
7
(10.6)
21
(31.8)
15
(22.7)
17
(25.8)
19
(28.8)

23
(34.8)
21
(31.8)
14
(21.2)
13
(19.7)
16
(24.2)
13
(19.7)
16
(24.2)
24
(36.4)
12
(18.2)

Opening a door and window also recorded a high average mean index among another element which is
4.1. According to [35], window opening behavior is a consequence of the uncomfortable temperature
sensation in the room. Students were frequently most likely to open doors and windows while they were
resting in the rooms to enable the airflow existence throughout the room when the indoor temperature is
higher than the outdoor temperature [14];[29].
Besides that, shower regularly and easily awakens in the middle of the night also shows a high status of
the average mean index which is 3.8 and 3.7 respectively. According to [36], occupants in students'
residential college most likely will experienced thermal discomfort at night as a result of the rooms'
indoor temperature is higher than the indoor design condition proposed by MS 1525: 2007. This showed
that the impractical building design was the factor that leads to the higher heat absorption due to limited
opening such as windows, low humidity, and low air movement in the rooms.
Opening a window or a door while sleeping and modified the furniture layout shows a medium status of
the average mean index which is 3.3 overall. According to [37], discomfort during the peak hour caused
by overheating can be prevented by opening windows at night which will helps to improve indoor air
conditions of the rooms. However, this behavioral adjustment not applicable to the occupants that occupy
the room on the ground floor due to the security factors and sound pollution issues. The act of moving the
furniture from the original position indicates the room’s impractical furniture layout was the main factor
of the distress and discomfort felt while occupying the rooms. However, this act is prohibited by the
management due to the safety factor of accidents or injuries. This statement is linked with a statement
made by the Assistant Hostel Manager of Perwira Residential College which stated that:
"The act of moving the furniture in the hostel is one of the actions that violate the rules of the hostel.
This is due to the safety factor of the students themselves. Students who are found guilty of moving
furniture in the room will be fined so that this does not happen again. ”
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Relationship between low ventilation flow and the level of student’s thermal comfort
The correlation analysis results show a medium/average correlation between poor ventilation flow with
the level of student’s thermal comfort with a coefficient value of .402** (Table 2). The variables of low
ventilation flow and the level of student's thermal comfort found a positive correlation and the variance
was 16.2% [(0.402 x 0.402) x 100]. This proved that low ventilation flow was the factor influencing the
level of discomfort for the residential college occupants.
Table 2 : The Relationship Between Low Ventilation Flow And The Level Of Indoor Thermal
Comfort.

Variables
Low ventilation flow

Level of indoor thermal
comfort

Low ventilation
flow
1

Pearson correlation
Sig. (2-side)
N
Pearson correlation

66
.402*
*

Sig. (2-side)

.001

N
**. Correlation is significant 0.01 (2-side).

66

Level of Indoor
Thermal Comfort
.402**
.001
66
1

66

CONCLUSION
The optimum indoor temperature standard that has been outlined by ASHRAE Standard for thermal comfort is
between 22C to 25.5C. However, such standards are not suitable for countries such as Malaysia which have
hot and humid climates with temperatures between 20C to 32C with relative humidity of around 75% [38]. A
large number of housing units in Malaysia including student residential colleges use natural ventilation systems.
As such, the issue of thermal comfort often occurs in countries with tropical climates [15];[16]. Thus, the
thermal comfort range does not have a perfect fixation when the thermal comfort is different according to
individual requirements/acceptance and local climatic factors [39].
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