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 Background: Healthy, comfortable and energy efficient buildings can have a limited 

impact on the environment. However, little is known about how occupants perceive 

their thermal environment in their daily natural life. This is crucial in providing 
thermally comfortable indoor conditions with least energy consumption. Methods: The 

data used in this investigation were taken from an extensive field study carried out in 

non-air-conditioned residential buildings of Kota Kinabalu region located in East 
Malaysia. Occupants‟ perceptions of their Indoor environment on their assessments of 

their thermal sensation and comfort were analyzed and discussed. This paper was more 

focused on the perceived air movement, perceived air relative humidity, perceived 
indoor air quality and perceived heat gain via curtains. Results: It was found that 

occupants‟ desires for coolness were expressed by stillness of air movement. Relative 

humidity was not perceived accurately by the majority of occupants. On average, 
indoor air quality was perceived by the majority of occupants as slightly fresh. 

Conclusion: The present study showed that occupants were not able to separate 

between the effect of indoor air movement and indoor air temperature on their 
assessments of their thermal perception. Relative humidity might not have effect on 

occupants‟ thermal sensation and comfort. Perceived air quality and perceived relative 

humidity may not have a drastic effect on occupants‟ thermal comfort as opposed to air 
movement. The effect of air quality on health must be considered prior perceived air 

quality and perceived thermal comfort.  
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INTRODUCTION 
 

 Humans being will always seek to improve their quality of life, and without doubt, this will affect the 

environment. The Earth‟s entire biosphere can be seen as a single organism in which reacts to disturbances 

much as a human reacts to attack by disease to maintain the balance - Gaia Hypothesis - (such as extreme 

weather)[1]. Healthy, comfortable and energy efficient buildings can have a limited impact on the environment 

[2]. Human beings are closely linked to their thermal environment by heat exchange. Thermal regulation and 

adaptation of behaviour can ensure and maintain thermal comfort [3]. Exposure to extreme thermal conditions, 

however, increases the risk of physiological disturbances considerably. The current evaluation of thermal 

comfort is well described by Nicole [4]:  

 “Scientists investigating thermal comfort treat the human organism as a „meter‟ of thermal comfort. The 

meter is calibrated in „comfort votes‟ the description on a scale from hot to cold which best describes the 

person‟s impression of the thermal environment. The central of this scale is neutral”.  

 The „meter‟ is referred to ASHRAE scale ((+3) „hot‟, (+2) „warm‟, (+1) „slightly warm‟, (0) „neutral‟, (-1) 

„slightly cool‟, (-2) „cool‟, (-3) „cold‟) or other similar scales. Usually, satisfaction in field studies is assumed 

when votes are between –1 (slightly cool) and + 1 (slightly warm) on a seven-point scale ranging from cold to 

hot [5]. It has been reported that sensations, such as “hot” or “cold”, occur when the neural signal reaches the 

cerebral cortex, whereas perception is a process that elaborates and assigns meaning to the incoming sensory 

patterns. Thus sensation cannot be measured by a scale using questionnaire such thermal comfort scale (Known 

by thermal sensation or ASHRAE scale), relative humidity scale, perceived air quality scale. As a questionnaire 

can only measure subjects perceptions toward the indoor environment. The process of perception as explained 
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by [6] interprets these sensations by making connections with memories, expectations, emotions, and motives in 

other parts of the brain [6]. This is shown in Figure 1. 

 

 
Fig. 1: The Process of Perception. 

 

 In the present investigation, occupants‟ thermal perceptions in their daily natural life were evaluated for a 

better understanding of the effects of occupants‟ perceptions of their indoor environment on their assessments of 

their thermal sensation and comfort.  

 

Methodology: 

 A field investigation was carried out in kota kinabalu city and the surrounded locations situated on the 

coastline of Sabah state at 5.056‟ n latitude, 11.6003‟ longitude in a tropical hot-humid environment of Malaysia 

during a complete year. The surveyed buildings have a spectrum of architectural features, styles, and building 

materials. The field survey was designed in such a way to ensure monthly and hourly daytime records. No more 

than two persons were interviewed in the same house. Each subject and each house has been visited once. The 

number of the surveyed subjects was 949 records. Records were reduced to 890 when filtered against the criteria 

established before analysis. Equipments were chosen to meet class II field survey requirements. Indoor climatic 

instrumentation and measurement protocol were described in a previous publication by [7]. For subjective 

measurements, a questionnaire was structured. The questionnaire covered three main sections; background of 

the subject, the use of controls, and lastly thermal environment and occupant thermal comfort. The questionnaire 

was elaborated from previous researchers‟ investigations [8, 9] and others with some modifications to suit the 

objectives set for this investigation. The present questionnaire was translated by two scientists into the 

Malaysian Language [10]. Both versions were used during field surveys.  

 

Analysis of Occupants‟ Behaviour in Naturally Ventilated Houses: 

 In naturally ventilated buildings occupants have some available use of controls to improve their thermal 

perception toward the indoor environments, such as open windows, usage of fans, adjustments of curtains and 

many others. However, several factors may affect occupants „choices such odours, noise, perceived air quality, 

penetration of solar radiation. Because of the limitation of pages, only analysis related to some aspect of the 

indoor environment will be considered.  

 

Perceived air movement: 

 Air movement is one of the most effective ways for decreasing body temperatures [11]. The preferred air 

movement is often related to the concurrent indoor air temperatures and to the possibility of having control over 

the indoor thermal conditions. In residences specifically in the hot-humid tropics when the indoor environment 

is hot and the air is still, fans are necessary to offset the increase of the indoor air temperatures. This is not the 

case of occupants subjected to cold climatic conditions as air movement may be perceived as a draught. The air 

movements scale of this study has various categories; „much too still‟ (-3), „too still‟ (-2), „slightly still‟ (-1), 

„just right‟ (0), „slightly breezy‟ (1), „too breezy‟ (2) and „much too breezy‟ (3). Figure 2 shows that the highest 

number of air movement votes was for „just right‟ (0) in the temperature range of 270C to 300C. The next 

highest percentage was for „slightly still‟ for the indoor air temperatures of 310C to 330C then followed by „too 

still‟. Note that neutral temperature was determined in a previous publication and was found to be about 300C 

[7]. 

 Figure 2 discloses an important fact, when air temperature was less or reach neutrality corresponding to air 

temperature of about 300C, the highest number of occupants voted „just right‟ (0) to air movement, whereas 

when occupants were feeling „slightly warm‟ to „hot‟, the highest number of them voted „slightly still‟ (-1). This 

was despite the slight increase of air movement and the percentage of usage of fans associated with the higher 

air temperatures. It appears that air movement is perceived jointly with air temperature and thus the desire for 

coolness was expressed by stillness of air movement. Again this may explain the conflicting results related to 

the perceived air movement. Generally, Air movement is perceived as a draught under cold climatic conditions 

and is considered desirable under hot to warm climatic conditions.  

 Figure 3 shows occupants‟ evaluation of air movement in their dwellings. About 75% of the occupants 

found the indoor air movement acceptable, whereas less than 10% reported that the wind inside their dwellings 

was strong.  
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Fig. 2: Vote Distributions on the Seven-Point Air Movement Scale. 

 

 
Fig. 3: Occupants Evaluation of Air Speed in their Dwellings. 

 

 For a better understanding how occupants perceive air movements, subjects were further asked to select 

reasons for not being satisfied with the indoor thermal environment. Note that ASHRAE 55 [12] states “Thermal 

comfort is that condition of mind that expresses satisfaction with the thermal environment”. Results are 

summarized in Figure 4. The occupants were given a choice to select more than one reason when it applies. „Air 

temperature is hot‟, „air movement is „low‟ and „the sun can penetrate in the rooms‟ were the major reasons of 

not being satisfied. 

 

 
Fig. 4: Source of Dissatisfaction with the Indoor Thermal Environment. 

 

 Despite the highest percentage of the occupants reported that air movement in their dwellings was 

acceptable rather than weak, „air movement is low‟ was selected as a second reason for not being satisfied with 

the indoor thermal environment by many occupants. This could be attributed to that, although air movement was 

overall considered acceptable, occupants whenever were not satisfied with the indoor air temperature in their 

houses wanted higher air movements to offset the warmer temperatures. It was very possible for many 

occupants to increase the speed of their fans to the maximum when they were feeling hot but this was very 

seldom noted during the conducted survey. It might be that occupants are acclimatized to a specific air speed 
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and also it can be explained by the need to reduce the noise induced from fans and dust accumulation around 

fans. In sum, subjects were not able to perceive separately between the effect of indoor air movement and indoor 

air temperature. In other words, the desire for coolness was expressed by the occupants by stillness of the air 

movement.  

 

Perceived Relative Humidity: 

 Humidity refers to the mass of water vapour in a unit volume of air (moisture content). It can be expressed 

in several variables such as vapour pressure, dew point temperature, humidity ratio, and relative humidity. 

Higher air relative humidity and air temperature intensifies thermal sensation and reduces perspiration and 

evaporation of the body‟s capacity, consequently the body cannot be cooled by evaporation [13]. In the present 

investigation, relative humidity was not an important source of not being satisfied with the indoor thermal 

environment for the majority of the occupants as illustrated in Figure 4. In this investigation, the relative 

humidity scale has various categories; „much too dry‟ (-3), „too dry‟, (-2), „slightly dry‟ (-1), „just right‟ (0), 

„slightly humid‟ (1), „too humid‟ (2) and „much too humid‟ (3). The most frequent records of relative humidity 

were centred between 65% and 75% with the highest recurrence at relative humidity level of 70%. A close 

observation at the bar chart shown in Figure 5 revealed an unexpected result. The next highest percentage of 

votes after „just right‟ (0) was recorded for „slightly dry‟ (-1) amounting to 29% of the votes, followed by 

„slightly humid‟ (1) having a percentage of 15 % votes. Adding to that the percentage of votes of 33% from 

„much too dry‟ to „slightly dry‟ surpassed the votes from „slightly humid‟ to „too humid‟ of 15%. This was 

counter to the initial expectation which were that when relative humidity is higher than 50%; occupants‟ 

perception toward relative humidity would be „much humid‟ or „much too humid‟. When looking at the 

provided chart in Ibrahim and Hazrin [14] publication, it was also found that after the neutral votes, the highest 

percentage of the subjects were voting (-1), followed by (1), then (-2) and followed by (2). 

 

 
Fig. 5: Vote Distributions on the Seven-Point Relative Humidity Scale. 

 

 The results revealed that occupants were not able to distinguish between different relative humidity levels. 

People in Malaysia are subjected to high relative humidity all year round over the majority of the locations, and 

therefore the population is acclimatized with the humidity. Another possible explanation is that occupants may 

not have any background of dry environment so that they can compare it to their actual environment and hence 

relative humidity cannot be perceived accurately. According to Weber‟s law [6], if the intensity of the stimulus 

is very high, a small difference in the stimulus will not be sensed. This is because, the sensory system have a 

tendency to compare the stimulus change to the background stimulation. Therefore a slight reduction or increase 

in relative humidity may not be noticeable (Sensory adaptation). Another possible explanation is that humidity 

may not be sensed at all, though its effect can be perceived by sweating... Relative humidity scale seems not be 

a good indicator of the effect of humidity on thermal comfort perception. In the humid tropics such the case of 

Malaysia, the main focus has been always on enhancing their thermal state by capturing air movement. This was 

not the case of any location subjected to hot dry environment as increasing the relative humidity level was an 

aim to enhance their thermal state. Relative humidity may be associated as well to other factors such as air 

quality [15].  
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Perceived Air Quality: 

 The level of some pollutants such as carbon monoxide and radon may negatively affect the health of the 

occupants; others such as body odours may deteriorate perceived air quality and comfort [16]. In order to 

investigate the relationship between the mean indoor air temperature and subjective responses to perceived 

indoor air quality, the occupants were asked to vote on air quality scale in the occupied space. The air quality 

scale used for the overall assessment is a seven-point scale; „very stuffy‟ (-3), „stuffy‟ (-2), „slightly stuffy‟ (-1), 

„neutral‟ (0), „slightly fresh‟ (1), „fresh‟ (2) and „very fresh‟ (3). The obtained results were plotted in Figure 6.  

 Figure 6 shows that the indoor air quality perceived within the range of „slightly fresh‟ at the lower mean 

indoor air temperature but decreased slightly with the elevation of the indoor air temperature and occupants 

thermal perception. An interesting question that may arise is related to the likely casual direction between 

thermal perception toward the indoor environment and the perceived indoor air quality. A relationship must 

satisfy three criteria to be considered a causal one. These criteria are association between the variables, an 

appropriate time order, and last the elimination of alternative explanations [17]. In the present investigation, it is 

as plausible that thermal comfort perception affects the perception of the indoor air quality as the perception of 

the indoor air quality affects thermal comfort perception. Thus the time order is not clear and the casual 

direction may not exist. Air temperature may have effect on both thermal perception and perceived air quality. 

Unlike laboratory investigations, field investigations cannot fix values of variables we might like to control. 

Another parameter that may affect adversely the perceived air quality is relative humidity. Few studies have 

shown that temperature and humidity significantly affect the perception of air quality with exposure up to 60 

minutes [18]. In the humid tropics such the case of Malaysia, relative humidity decreases with the increase of 

indoor air temperature as the two parameter are inversely correlated [7] and thus it is not possible to investigate 

the separate effect of the two parameters on perceived air quality., though, it might not require further 

investigation. This is because when relative humidity reaches its highest level, indoor air temperature attaints its 

lowest level and vice versa. Nature concept is an ideal model to be followed for best practice when combining 

the two or three parameters in designing air-conditioning more suited for the humid tropics. It seems that every 

location subjected to specific climatic conditions has different requirements and thus generalization may not be 

valid. For instance air movement must be considered prior decreasing indoor air temperature in the humid 

tropics which is not the case of occupants subjected to cold environment since air movement will be perceived 

as draught. This will not only save energy but also enhance occupants‟ satisfaction toward the indoor 

environment. An interesting observation worth to be highlighted is the high percentage of open windows during 

daytime in the present investigation. This may as well affect the perceived indoor air quality. 

 
Fig. 6: Perceived Air Quality and Thermal Sensation on ASHRAE Scale versus Indoor Air Temperature.  

 

 The percentage of open window as shown in Figure 7 during daytime was about 80%. Apart from asking 

directly occupants about the frequency of open windows when they are in their dwellings, observation of open 

windows were taken in each house from the space where the survey was conducted. The highest discrepancy in 

the observed and the reported values was recorded around 6 p.m. It must be highlighted that windows might 

have been opened in other rooms. This may explain some of the differences between the observed and the 

reported values. 

 It must be emphasized that the perception of indoor air quality as fresh or slightly fresh may not warranty a 

healthy indoor environment. This is because there are hundreds or even thousands of chemicals in the air with 

limited information on their impact on health and comfort [19]. Some substances cannot be sensed such the 

presence of radon which has neither odour nor colour and affect adversely our health [20]. Thus open window is 

relatively healthy depending on the outdoor environment. It seems to be wise to state that air quality must be 
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considered prior perceived air quality and perceived thermal comfort. This is because health should be 

considered prior comfort.  

 
Fig. 7: Observed and Reported Frequencies of Opening Window. 

 

Perceived Heat Gain: 

 During the field survey, observations related to the position of curtains (fully drawn or partially drawn) 

were also recorded. The use of curtain helps in the reduction of the penetration of direct solar radiation and in 

reducing glare level (excessive contrast, during periods of direct sunlight) [21], and could be used for privacy. In 

order to test whether or not the curtains were used by occupants mostly to avoid heat, χ
2
 test of association was 

performed between curtain usage and occupant thermal perception on ASHRAE scale. The procedure is well 

outlined by Bewick et al. [22]. The test of association involves calculating the differences between the observed 

and expected frequencies. The test statistic used for the analysis was calculated as  

 

         (1) 

 

where Oij and Eij are the observed and the expected frequency in raw i and column j respectively. The 

calculated test statistic was χ
2
=5.7, DF=6, P value=0.4578. This suggests that there is not enough evidence to 

indicate an association between the position of the curtain and thermal sensation votes. Thus fully drawn 

curtains were not associated with occupants‟ thermal perception on ASHRAE scale.  

 

Conclusions: 

 Although, it is unusual for researchers to have different opinions about occupants‟ thermal perception of 

their indoor environment specifically under cold climatic conditions, most of the conflicting findings were 

linked to hot environment as occupants have different thermal sensation and comfort and thus results from cold 

environment can not be generalized to hot environment. There are limited investigations in the humid tropics 

about how occupants perceive their indoor environment. The present study showed that occupants were not able 

to separate between the effect of indoor air movement and indoor air temperature on their assessments of their 

thermal perception as the desire for coolness was expressed by stillness of air movement regardless of the slight 

increase of air movement associated with the elevation of indoor air temperature. Relative humidity was not 

perceived accurately by occupants and may not have effect on occupants‟ thermal sensation and comfort. The 

presence and the casual direction between the perceived indoor air quality and occupants thermal perception on 

ASHRAE 7-points scale was not clear or might not exist. On average, occupants perceived air quality as slightly 

fresh and the perception of indoor air quality deteriorated slightly with the increase of the indoor air 

temperature.  
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