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Abstract  Thermal comfort is requisite for creating 

interior environments, especially in educational facilities in 

tropical humid zones. It's important to appraise how well 

current thermal comfort models, especially the Predicted 

Mean Vote, work in actual classrooms, taking into account 

the different needs of users, including gender disparities. 

Thermal comfort states in five university classrooms (both 

naturally ventilated and air-conditioned) in an educational 

building were assessed during the hot season of 2024. In-

situ assessments of indoor temperature, relative humidity, 

and air velocity were performed in conjunction with 

standardized questionnaires. A total of 336 valid student 

responses (177 male, 159 female) were analyzed to assess 

thermal sensation, preference, and acceptability. A 

comparative analysis was conducted on PMV predictions, 

emphasizing gender-based disparities. The majority of 

students reported feeling comfortable inside the ASHRAE-

defined comfort range (−1 to +1), with statistically 

negligible variations (p > 0.05) found between male and 

female perceptions. However, female students generally 

favored slightly cooler indoor ambiances than male 

students. The PMV model matched well with real data in 

naturally ventilated classrooms but greatly overestimated 

comfort in air-conditioned classrooms, with differences of 

up to 1.32 points from the actual Thermal Sensation Votes 

(TSV). This study is unique because it combines a focus on 

gender with real-world testing of the PMV model in 

tropical buildings, which is something not often seen in 

today's research on building performances. This study 

emphasized the constraints of employing common thermal 

comfort models in tropical humid atmosphere. It reinforces 

the significance of using gender-sensitive viewpoints and 

adaptive comfort strategies in architectural design. The 

results offer experimental proof for reevaluating thermal 

comfort standards in the tropical humid zones. 

Keywords Thermal Comfort, Classrooms, PMV, 

Gender, Educational Buildings, Tropics 

1. Introduction

The program of educational facility renewal launched by 

Indonesia's new president, Mr. Prabowo Subianto, 

advances campus infrastructure, considerably promotes a 

favorable and comprehensive learning ambience defined 

by thermal comfort and supportive resources, and improves 

student engagement and academic performance [1]. Prior 

research reveals that comfortable classrooms enhance 

attention during learning, consequently improving 

students' performance. A favorable and supportive campus 

ambiance might ameliorate students' academic 

performance, while a detrimental campus ambiance may 

reduce their enthusiasm to learn [2]. 

A comfortable indoor atmosphere is key for all types of 

buildings, especially educational institutions that require an 

elevated standard of indoor ambiance to energize students' 

attention, learning, creativity, and innovation. Previous 

studies stated that thermal comfort is the major intention in 

university classrooms when the aim is to boost academic 

activities’ performances. Working performance and 
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efficiency markedly improve in environments where the 

user feels cozy. Consequently, thermal comfort is 

noteworthy, notably in academic settings [3], [4], [5].  

Researchers have extensively examined the effects of heat 

conditions in educational facilities, particularly in 

uncomfortable classrooms. The findings indicated that an 

unpleasant interior atmosphere adversely affected the 

studying process and pupils' academic achievement. 

Adverse temperature conditions may negatively impact 

students' physical fitness, attention, focus, perception, and 

learning outcomes [6], [7], [8]. Students have indicated a 

lower comfort temperature to provide pleasant and 

pleasurable classroom settings [5], [9], [10]. While 

exploring a uniform indoor environment, individuals' 

temperature comfort and sensitivity may differ [11]. When 

it comes to how gender affects feelings of comfort with 

temperature, existing studies show mixed results, 

suggesting there are either significant or minor differences 

in how different genders experience thermal comfort. This 

research examined the thermal comfort perceptions of 

different genders to identify gender-related differences that 

may affect the thermal comfort requirements of individuals 

in university classrooms within a tropical humid climate. 

Fanger [12] stated that no temperature feeling can satisfy 

the needs of every individual within the same structure. The 

variability in each individual arises from several factors, 

one of which is gender [13], [14]. Personal variations in 

thermal comfort reactions are broadly recognized; 

nonetheless, the discrepancy between males and females is 

believed to be negligible. There has been a limited study 

specifically examining the impact of gender on occupant 

comfort via in situ measurements over an extended period. 

The bulk of studies were conducted in climatic chambers 

with just a limited period of in situ measurement [15], [16]. 

This study's novelty arises from its amalgamation of 

gender-sensitive analysis with empirical evidence of the 

PMV model in a tropical architectural background—a 

perspective that is remarkably infrequent in latest building 

performance research. 

The objectives of this study were (1) to assess the 

thermal perception and preference of the students in 

naturally ventilated (NV) and air-conditioned (AC) 

classrooms; (2) to investigate the differences in thermal 

conditions and preferences between males and females in 

achieving thermal comfort in tropical humid classrooms; 

and (3) to clarify the discrepancy between the Fanger 

model’s forecast (PMV) and the real-time comfort of 

students in the classrooms. 

2. Literature Review 

A pivotal factor in ensuring comfort for individuals 

engaged in indoor activities is the thermal comfort of the 

structure. Thermal comfort in a building is defined as a 

psychological condition influenced by the ambient 

temperatures, both internal and external to the structure 

[17]. 

Previous studies have emphasized the consequences of 

adaptable thermal comfort and the efficacy of school 

buildings. The studies validated the comfort patterns and 

temperatures that are suitable for their respective regional 

climates [18], [19], [20]. 

The thermal surroundings significantly influence 

pedagogical productivity; thus, students' thermal comfort 

should be considered a vital factor in efforts to improve 

energy efficiency and reduce carbon emissions in 

educational facilities [21], [22], [23]. Academic buildings 

are known to consume significant energy and generate 

substantial carbon emissions for cooling in tropical regions 

[24], [25]. 

Kumar [26] stated that in the fall, the comfort 

temperature for university scholars with high metabolic 

rates was well aligned with the ASHRAE temperature 

range. A study in Portuguese universities revealed that 

clothing behavior and insulation were significant factors in 

assessing thermal comfort [27]. Additionally, gender 

disparities in clothing insulation were influenced by 

cultural and climatic factors [28], [29]. Indoor 

microclimatic variables do not solely dictate pupils' 

thermal comfort. Thermal comfort is remarkably 

influenced by social variables such as socioeconomic status, 

culture, and domestic experiences [30], [31], [32]. 

Alongside climatic changes, variations in age and gender 

frequently influence students' perceptions of the thermal 

conditions in university surroundings [21], [33], [25]. 
The consequence of accounting for gender disparities in 

thermal comfort studies pointed out the comfortable 

temperature levels depend on where the dwellings are 

located and the specific climate there, as people can 

gradually adjust to their surroundings [34]. A 

comprehensive literature study indicates that several 

studies have examined students' thermal comfort in 

classrooms across different climatic categories. Research 

on schoolchildren's thermal comfort was conducted in a 

mild climate in the United Kingdom [35], a subtropical 

climate in Australia [36], and a tropical humid environment 

in Indonesia [37]. The bulk of these thermal comfort 

studies were validated using heat balance models that 

utilize PMV (Predicted Mean Vote). The research findings 

in the tropics indicated a significant variation of 6°C. 

Extensive studies show that residents in tropical and humid 

environments are more acclimatized to higher temperatures 

and have increased sensitivity to cooler conditions. Despite 

discomfort with lower interior temperatures, individuals in 

tropical locations often prefer cooler conditions over 

neutral thermal environments in tropical climes [38], [39]. 

Human thermal comfort in such environments heavily 

relies on continuous internal air movement within the 

structures. In these spheres, the utilization of fans is 

necessary to accelerate indoor air circulation; however, in 

extreme conditions, the adoption of air conditioning as a 

cooling method in university classrooms in tropical humid 

regions is imperative and commonly implemented [40], 
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[41]. 

Students expressed a preference for reduced humidity 

and enhanced thermal comfort in naturally ventilated 

university classrooms [42]. Elevated air circulation was 

desired throughout the examination period to alleviate the 

discomfort resulting from high humidity. Air velocity 

significantly influences thermal comfort, and enhancing 

natural ventilation to increase air movement is essential for 

facilitating temperature regulation and comfort in tropical 

regions. 

The disparity between genders has garnered scientific 

interest due to thermal adaptation. The thermal perception 

of the residents, which has been the subject of recent 

research, revealed that gender difference is a key issue. The 

gender disparity inherent in the characteristics of 

interpretation across individuals significantly affects the 

representation of a favorable thermal environment [43]. 

Fanger [12] found that females experienced more thermal 

discontent than males, as women perceived more adverse 

occurrences; yet, there were no significant differences in 

their preferred temperature expressions. 

Generally, women perceive greater sensitivity to 

ambient temperatures than men, which results in 

diminished comfort in elevated indoor temperatures. 

Precedent research examined behavioral adjustments 

related to gender and age in workplaces, and found that 

thermal satisfaction was higher among women than men 

[44]. Conversely, Fabozzi [45] did not identify a significant 

effect of gender and temperature sensitivity when 

investigating thermal comfort in naturally ventilated and 

air-conditioned classrooms. Meanwhile, a notable finding 

was presented in the study by Asif [46] which revealed that 

sexual disparities were evident in thermal sensation 

assessments; however, no significant difference in indoor 

comfort warmth between the two genders was observed. 

The conflicting results of the aforementioned studies 

necessitate more research to examine the gender disparity 

in indoor thermal comfort attributed to environmental 

factors. 

3. Materials and Methods 

3.1. Climatic Conditions 

Tropical humid climates are depicted by elevated 

temperature, humidity, and precipitation during the years 

with the prevailing low wind velocity. Binarti [47] stated 

this amalgamation creates obtaining a comfortable thermal 

ambiance in tropical humid areas is very effortful. 

Indonesia is a tropical humid country with two seasons 

namely hot (March-October) and rainy (October-March) 

and for the time being the seasons are turning into less 

habitual as a consequence of global warming [48]. 

The field measurement indicated that the internal 

microclimate of the examined classrooms exhibited an 

average temperature of 29.8°C in naturally ventilated 

classrooms and 27.2°C in air-conditioned classrooms. The 

average relative humidity in the evaluated naturally 

ventilated classrooms was 67.8%, while in the air-

conditioned classrooms it was 59.1%. The average interior 

air velocity across almost all categories was 0.13 m/s. The 

indoor microclimatic assessment commenced at 09:00am 

and was completed at 15:00 pm. 

3.2. Location and Building Characteristics 

Thermal comfort field experimentation was performed 

in naturally ventilated and air-conditioned classrooms at 

the Architecture Department Building at Diponegoro 

University, Tembalang Campus, Semarang, Indonesia 

(7°02'56.0"S 110°26'17.0"E) as seen in Figure 1. The 

design and dimensions of the analyzed classrooms were 

almost identical. Each classroom is 12 meters by 12 meters, 

with a ceiling height of 4.2 meters (see Figure 2). The 

experiment was carried out in classrooms located on the 

first and second floors. The classrooms examined had 

roughly identical sizes for natural ventilation and sunlight 

and were fitted with split air-conditioning systems. The 

apertures are located on the left and right sides of the 

classrooms, facilitating natural ventilation via the jalousies 

above, the operable windows below, and the open door, 

yielding a cumulative opening area of 9.48 m². The number 

of students in each classroom varied between 30 and 40. 

3.3. Data Collection 

An evaluation of indoor thermal comfort in specified 

classrooms was conducted using on-site monitoring of 

thermal comfort parameters (namely, indoor air 

temperature, air velocity, and relative humidity) alongside 

simultaneous individual assessments via a questionnaire 

survey. The interior thermal conditions were recorded 

using Data Logger Thermometer Hygrometer Meter and 

Hot Wire Anemometer in each classroom (see Figure 3). 

During the 2023-2024 academic year, in the middle of 

the dry season (June), a simultaneous questionnaire survey 

was undertaken to examine students' interior environmental 

conditions and thermal comfort in naturally ventilated and 

air-conditioned classrooms in a humid tropical location. 

June was chosen because its climate with high and constant 

temperatures and humidity, as well as low rainfall [48] 

closely resembles the tropical summer environment. 

Field observation has two phases: data acquisition via 

questionnaire dissemination and assessment of ambient 

conditions using measurement devices. The participants in 

each lesson consisted of 30–40 students who wore tropical 

attire with a clo value ranging from 0.57 to 0.81. Clo is the 

measurement unit for this category of apparel. 

The criterion for "right here-right now" questions was 

included in the thermal comfort questionnaire, addressing 

thermal sensation, thermal preference, thermal 

acceptability, clothing, and selected adaptive comfort 

techniques. It is required to indicate that all questionnaire 
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forms were completed during daylight hours prior to sunset. 

The assessment of thermal conditions was predicated on 

the residents' evaluation of thermal sensation and comfort 

in relation to air temperature, relative humidity, and air 

movement. 

Assessment in naturally ventilated and air-conditioned 

classrooms were carried out for one week (Monday to 

Friday) in June 2024. The morning session observation 

commenced at 09:00 AM and took place over a 120-minute 

lesson. They get a questionnaire and stuff it in with their 

individual data, such as gender, age, and clothes presently 

donned. The activity of all the subjects was sitting and 

paying attention to the lectures during the survey 

(metabolic rate 1.0 MET). 

 

Figure 1.  The Department of Architecture location in Diponegoro University [49] [50] 

 

(A) 
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(B) 

Figure 2.  (A) Plan and (B) Section drawing of surveyed Classrooms 

  

(A)                             (B) 

Figure 3.  Data Logger Thermometer Hygrometer Meter (A) Hot Wire Anemometer (B) 

The questions were reiterated twice, at 120-minute 

intervals, in varying contexts. The students were first 

instructed to cast their votes in naturally ventilated 

classrooms after occupying the space for 30 minutes by 

maximizing the utilization of apertures inside the spaces. 

Following the initial voting, the lecturer proceeded with the 

course by activating the air conditioning and sealing the 

apertures. 

The students were instructed to cast their votes at 60-

minute intervals. Consequently, during a 120-minute 

course, the students cast votes twice, engaging in two 

rounds of evaluated physical merit. The purpose of 

distributing the surveys at 60-minute intervals is to avoid 

the influence of the naturally ventilated environment. The 

rationale for selecting this period is grounded in the 

findings of a study conducted by De Dear [51], and 

ASHRAE[52], which stated that occupants require roughly 

30 minutes to thermally adapt to a new environment before 

providing a reliable comfort assessment. The 60-minute 

interval has established indoor thermal conditions in an air-

conditioned space, unaffected by outdoor climate, allowing 

students to acclimate to the new indoor environment. The 

observation in the daytime session was conducted at 1:00 

pm, including various respondents and distinct classes. 

3.4. Data Analysis and Processing 

A total of 336 valid votes were obtained, comprising 177 

from males and 159 from females, across five field 

experiments conducted in air-conditioned and naturally 

ventilated classrooms (see Figure 4). The thermal 

conditions were evaluated by inquiries about the 

respondents' senses of temperature, humidity, and air 

velocity, as well as their preferences. The pupils were 

instructed to modestly express their feelings toward 

thermal comfort in the observed classes. The questionnaire 

utilized the ASHRAE seven-point feeling and five-point 

choice voting scales, as illustrated in Table 1. The gathered 

data was analyzed with MS Excel and SPSS to evaluate 

acceptability and the preferred indoor temperature; as a 

result, most students said they were satisfied with the 

temperature. The statistical analysis in this study utilized 

the chi-square test to assess differences between genders. 
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(A)                                         (B) 

Figure 4.  The pictures above describe the internal views of observed classroom: (A) Naturally Ventilated (B) Air-Conditioned 

Table 1.  Scale used in the questionnaire for sensation and preference votes 

Scale Values Thermal Sensation Vote Humidity Sensation Vote Air Velocity Sensation Vote Thermal Preference 

-3 Cold Too Dry Too Stuffy - 

-2 Cool Dry Stuffy Much Cooler 

-1 Slightly cool Slightly dry Slightly Stuffy A Bit Cooler 

0 Neutral Just right Just right No change 

1 Slightly warm Slightly humid Slightly Breezy A Bit Warmer 

2 Warm Humid Breezy Much Warmer 

3 Hot Too Humid Very Breezy - 

 

4. Results and Discussions 

4.1. Outdoor and Indoor Microclimatic Condition 

during Voting 

The outdoor climatic data was obtained from the 

Semarang station of the Indonesian Agency for 

Meteorology, Climatology, and Geophysics. The climate in 

Semarang in June 2024 will be marked by elevated 

temperatures and high humidity. The monthly mean diurnal 

temperature was 28.7°C, accompanied by an average 

relative humidity of 61%. The assessment revealed that the 

internal microclimate of the analyzed classrooms displayed 

a temperature of 29.8°C in naturally ventilated classrooms 

and 27.2°C in air-conditioned classrooms. 

The classrooms exhibited excessive heat, above the 

temperature standards set by both ASHRAE [52] and 

Indonesian regulations. The relative humidity was 67.8% 

in the assessed naturally ventilated classrooms and 59.1% 

in the air-conditioned classrooms, demonstrating that both 

conditions stay within the comfort zone of the Indonesian 

National Standard [53]. The mean interior air velocity in 

nearly all classes was 0.13 m/s. It signifies that they had 

inadequate air velocity rates. The measurement was taken 

at a height of 1.1 meters from the floor level. The indoor 

microclimatic evaluation began at 09:00 am and concluded 

at 15:00 pm. 

4.2. Perceptions of Humidity and Votes on Humidity 

Preference 

Figures 5 and 6 illustrate the distribution of humidity 

sensation votes (HSV) and the proportion of humidity 

preferences across various ranges of humidity feeling, 

respectively. As seen in Figure 5, in NV classrooms, the 

findings revealed that the prevailing vote among guys was 

"just right," including 50.28% of male replies, while 45.2% 

of male participants opted for "slightly humid." The 

predominant female response was "slightly humid," 

garnering 47.17% of votes; "neutral/just right" received 

46.54%, while a minimal number of females selected 

"moderately dry" and "moderately humid." 

In AC classrooms, 59.33% of male respondents reported 

feeling "just right" (HSV=0), whereas 64.78% of female 

subjects had the same response. 

The distribution of humidity preference votes displayed 

in Figure 6 explains “just right (0)” as the preferred 

humidity of most respondents (both genders) in all 

observed classrooms. The highest percentages of males 

(51.98%) and females (55.97%) in NV classrooms 

preferred "just right" on the humidity feeling scale. 

Moreover, in classrooms observed with air conditioning, 

79.87% of female respondents and 74.58% of male 

respondents voted for "just right" regarding their humidity 

preferences. The mean rate of humidity preference votes in 

NV classrooms was 0.49 and 0.46 for females and males, 

respectively. 
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Figure 5.  The distribution of humidity perception votes 

 

Figure 6.  The percentage of humidity preferences 

Over 95% of respondents, regardless of gender, 

indicated an adequate humidity feeling (i.e., HSV = +1, 0, 

-1) in all surveyed classes (NV and AC), demonstrating that 

the humidity levels in all classrooms met the students' 

needs. The relative humidity in the observed classrooms 

was within safe limits. Similar finds were documented 

before. Earlier work discovered that over 77% of survey 

participants had a "neutral" sentiment about humidity 

perception [46]. The analysis of humidity feeling ratings 

across all observed classes revealed no statistically 

significant difference (p > 0.05) between females and 

males. The mean HSV for males in NV classrooms was 

greater (0.49) than that of females (0.46), but the mean 

HSV for females in AC classrooms surpassed that of males 

(0.21 compared to 0.18). 

Figure 6 illustrates that the plurality of respondents in 

both NV and AC courses favored a "neutral" stance. The 

illustration above elucidates the students' humidity 

preferences comprehensively. In naturally ventilated 

classrooms, "neutral" preference is indicated by 55.97% of 

females and 51.98% of males. Additionally, 41.52% of 

females favored "slightly dry," and 2.51% favored "slightly 

humid," whereas 44.07% of males chose "slightly dry," and 

3.95% preferred "slightly humid." In AC-monitored 

classrooms, a considerable proportion of pupils selected 

"neutral" regarding humidity preference. A majority of 

ladies (79.87%) and males (74.58%) favored the "neither 

humid nor dry" humidity preference rating, signifying 
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respondent satisfaction. Therefore, it can be asserted that 

with the current relative humidity, the majority of 

respondents preferred a "no change" environment. 

4.3. Air Velocity Perception and Air Velocity 

Preference Votes 

The scan was conducted during the dry season in 

Semarang, which usually experiences environmental 

conditions with less wind. The month of June was chosen 

for its weather, which represents the dry season in the 

humid tropics characterized by high air temperatures, low 

wind speeds, and minimal rainfall [48]. 

In tropical humid conditions, modest air velocity is 

typical; throughout the survey, the average air velocity 

measured was 0.13 m/s in NV classrooms and 0.15 m/s in 

AC classrooms. Indoor air velocity was mostly attributed 

to the utilization of apertures, such as operable doors and 

windows. Figures 7 and 8 illustrate the respondents' 

evaluations of air velocity feeling and air velocity 

preference, respectively. 

Figure 7.  The Distribution of Subjective Judgement on Air Velocity 

Figure 8.  The Distribution Percentage of Air Velocity Preference 
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Only 1.13% of male surveyed students preferred a 

"breezy" sensation in AC classrooms, while 86.44% 

selected "just right," and the remaining 12.43% felt 

"slightly stuffy." At the same time, most of the female 

participants (90.57%) voted for “just right,” and the rest of 

them (9.43%) were on the “slightly stuffy” sensation in AC 

classrooms. On the other hand, in NV classrooms, the air 

velocity was perceived as "slightly stuffy" by 57.63% of 

male and 59.75% of female respondents, while 42.37% of 

males and 40.25% of females voted for "just right." No 

significant discrepancy appeared (p > 0.05) in females' and 

males' air velocity sensation. The percentages of subjective 

judgment on indoor air motion reveal that the subjects lack 

the cooling effect of air velocity. The majority of subjects 

from both genders perceived the airspeed to be lower than 

what was recommended, likely due to their dissatisfaction 

with the current ambiance. Such results may indicate that 

the existing natural ventilation system was insufficient to 

ensure adequate air movement in all observed classrooms. 

Comparable sentences were noted in former research [18] 

that predominant subjects scarcely felt air movement inside 

naturally ventilated classrooms in the tropics. 

Figure 8 illustrates that 81.13% of female and 87% of 

male respondents in NV classrooms wanted "a bit more air 

movement," indicating that they hardly perceived air 

velocity, which suggests that the existing natural 

ventilation system failed to deliver adequate airflow into 

the classrooms. The majority of the participants favored an 

increase in air velocity. 

The findings of prior research on thermal comfort in 

tropical regions Kumar [54] indicated that residents want 

enhanced air circulation for comfort, as increased air 

movement can alleviate discomfort by evaporating 

perspiration and promoting heat dissipation through 

convection, especially under high humidity and 

temperature circumstances. In air-conditioned classrooms, 

a majority of female subjects (66.03%) expressed 

satisfaction with the temperature conditions, as seen by 

their neutral responses, while 57.06% of male participants 

indicated the same sentiment. The percentages indicate that 

female pupils somewhat adapted to air-conditioned 

classrooms and were affected by the temperature 

environment. Of the 336 valid votes, just 1.13% of male 

respondents indicated a preference for a "breezy" sensation 

in air-conditioned classrooms, while 86.44% reported a 

"just right" experience, and the remaining 12.43% 

expressed satisfaction with the thermal environment in air-

conditioned classrooms. 

4.4. Thermal Perception and Thermal Preference 

Assessment 

Overall, the environmental conditions were consistent 

across all classroom types. It is important to note that the 

questionnaire forms were completed during the day. The 

act of sitting and focusing on the lecturer reflects the 

students' exertion throughout the assessment, which, per 

the ASHRAE standard, defines a metabolic rate for such 

activities. The pupils exhibited significant diversity in 

appearance due to their choice of comfortable attire 

reflecting their fashion preferences. The male students 

predominantly donned short light sleeves paired with long 

slacks, expected to provide 0.57 clo of garment insulation. 

Simultaneously, the attire of female students exhibited 

diversity; 6 students donned long skirts and long-sleeved 

shirts with veils, resulting in a clothing insulation of 0.81 

clo, while 75 students wore long pants and long-sleeved 

shirts with veils, yielding a clothing insulation of 0.71 clo. 

Additionally, 78 female students donned long trousers and 

short-sleeved shirts, exhibiting a clothing insulation value 

of 0.57. The mean clothing insulation for female students 

was 0.65 clo. The clothing insulation of females is 0.08 clo 

more than that of males. 

Figure 9 illustrates students' perceptions of classroom 

temperature, as shown by their thermal sensation votes 

(TSV), categorized by gender, in air-conditioned (AC) and 

naturally ventilated (NV) classrooms. In naturally 

ventilated classrooms, a significant proportion of students 

(both genders) reported feeling “slightly warm” (+1), 

accounting for 44.3%, whereas 36% of respondents (both 

genders) indicated a “neutral” sensation. Despite the 

elevated interior temperature, the majority of participants 

remained within their comfort zone, as demonstrated by the 

findings. 

In air-conditioned environments, the predominant 

preference among respondents (53.6%) was for "slightly 

cool" (-1). The distribution of votes for "warm," "slightly 

warm," and "neutral" responses is 16.4%, 45.2%, and 

36.2% for females and 12.4%, 43.5%, and 35.8% for males 

in naturally ventilated classrooms, respectively. In the air-

conditioned classrooms, the percentages of votes for 

“neutral,” “slightly cool,” and “cool” responses are 19.5%, 

55.3%, and 25.2% for females and 15.3%, 51.9%, and 

29.4% for men, respectively. The integration of TSV in 

both NV and AC classrooms remains within the three 

principal categories of the ASHRAE scale (-1, 0, and +1). 

This matches foregoing studies conducted in hot and humid 

areas, which showed that most people's feelings about 

temperature were in the comfortable range of the thermal 

sensation scale [55], [56]. 
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Figure 9.  Distribution of thermal sensation votes (TSV) 

Figure 10 demonstrates that both males and females had 

a minimal disparity in TSV across all analyzed classes, 

with males' mean TSV values being roughly 0.15 and 0.79 

lower than those of females in the NV and AC classrooms, 

respectively. The average TSV for females was 0.8 in NV 

classes and -1.06 in AC classrooms, whereas the average 

TSV for men was 0.65 in NV classrooms and -1.95 in AC 

classrooms. The chi-square test results indicated no 

statistically significant difference between the two genders, 

with p > 0.05, and the mean TSV for females was slightly 

above that of males across all observed classes. A prior 

investigation documented parallel discovery. Field 

research in 16 classrooms (both naturally ventilated and 

air-conditioned) in Milan during the summer of 2017 

discovered little variation in thermal comfort perception 

across genders [45]. 

Besides voting on thermal feeling, the students were also 

surveyed on their thermal preference. Thermal preference 

is seen in Figure 11. The predominant sensation reported in 

naturally ventilated classrooms was "slightly cooler," with 

74.21% of females and 71.19% of males casting their votes 

for this option. It has been demonstrated that pupils 

acclimated to the prevailing external climate had a 

preference for lower indoor air temperatures. As the 

temperature increased, comfort diminished, and the 

students favored a cooler environment. The majority of 

students, regardless of gender, generally saw the thermal 

environment as "slightly warm" and wished it to be 

"slightly cooler," while a minority liked a neutral or 

warmer temperature. 

In air-conditioned classrooms, it was established that the 

majority of female pupils (52.83%) felt neutral, while 

46.54% preferred a little colder environment, and the 

remainder opted for a slightly warmer setting. Male 

students predominantly chose "just right" as their preferred 

temperature, with 45.76% expressing a preference for 

"slightly cooler," and a negligible 2.26% opting for 

"slightly warmer." The average thermal preference vote of 

students was -0.74 for females and -0.71 for males in 

naturally ventilated classrooms and -0.46 for females and -

0.44 for males in air-conditioned classrooms. It indicates 

that females choose lower temperatures to achieve 

thermally pleasant environments comparable to males. 

4.5. Comparison between TSV and PMV 

Figure 10 illustrates a comparison between the average 

survey outcomes (TSV) and the assessment of thermal 

comfort attained by the Fanger model (PMV). The PMV 

levels for both genders in all observed classes (AC and NV) 

range from 0.8 to 0.3. The Fanger model significantly 

overestimates the TSV results for both genders in air-

conditioned classrooms. The average thermal sensation 

votes for ladies and males are -1.06 and -1.19, respectively, 

which contradict the computed PMV for both genders, 

namely 0.26 for females and 0.13 for males. 

The values exhibit a discrepancy of 1.32 for both sexes. 

The actual heat feeling experienced by children in air-

conditioned classrooms diverges from the assumptions of 

the standard. The disparity between the two values may 

depend on several factors not accounted for in Fanger's 

model, including the notion of "adaptive comfort." 

Nevertheless, in NV classes, the values of TSV and PMV 

exhibited a little variation between the genders. The 

average TSV for female responders is 0.8, and the PMV is 

0.75, but the TSV and PMV for male subjects are 0.65 and 

0.63, respectively. 
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Figure 10.  Comparison of the mean Thermal Comfort Sensation from the survey and the Fanger Model 

 

Figure 11.  Frequency distribution of thermal preference 

Overall, temperature feeling and comfort exhibited no 

significant differences between the two genders. 

Interestingly, the responders exhibited reduced sensitivity 

to heat but increased sensitivity to cold. This result implies 

that the PMV, utilized to assess thermal comfort, may not 

consistently represent individuals' perceptions of 

temperature, indicating that dependence on PMV for 

regulating interior temperatures could not foster a 

comfortable atmosphere. The Fanger model may not 

account for additional factors that influence human sensory 

perception, such as adaptive comfort behavior. It is 

essential to note that residents of certain areas undoubtedly 

consider their climatic conditions and gradually adjust to 

their environment, reflecting the notion of "adaptive 

comfort". 

5. Conclusions 

The study examined the prevailing thermal comfort 

conditions in five classrooms at Diponegoro University in 

Indonesia during the dry season of 2024. 

The comparative results displayed that all respondents 

voted in the comfort range. All sensory votes (humidity, air 

speed, and heat) for both genders were statistically 

insignificant (p > 0.05) across all observed classes. Despite 

the absence of gender disparity in the results of thermal 

sensation assessments, females exhibited a preference for 

lower temperatures to achieve thermally pleasant 

circumstances comparable to males. The Fanger model was 

validated as suitable for predicting students' actual feelings 

of comfort in naturally ventilated classrooms. 

Simultaneously, in the air-conditioned classrooms, a 
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notable discrepancy was seen between the Fanger model 

(PMV) and the statistical responses of the participants, with 

a difference of 1.32 for both genders. Research indicates 

that thermal sensations do not consistently align with the 

outcomes of thermal comfort assessment. 

All the information required for thermal comfort in 

university buildings is not monitored by this research alone. 

To better understand the thermal comfort of educational 

buildings, researchers will need to conduct further work, 

including in-situ measurements in different seasons and 

climates, and consider the race and sociocultural 

background of the students. This may influence thermal 

sensation and perception among the students. 

Based on the outcomes of this study, recommendation 

about architectural views are the necessity for a Post-

Occupancy Evaluation (POE) to delineate gender 

preferences on tropical classrooms; collaborative study 

with HVAC experts to devise a thermal zoning scheme for 

an energy-efficient classroom design; the importance of 

gender-inclusive design for university classrooms 
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