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Abstract:

In the literature, thermal comfort in indoor environments has traditionally been addressed through single parameters such as temperature, relative 

humidity, radiant temperature, and air velocity. However, recent studies have shown that auditory and visual conditions also influence users’

thermal perception and comfort experience. This study adopts a holistic approach to examine how multiple physical environmental parameters 

affect thermal perception and comfort in educational spaces. The research was conducted in October 2025 in two studios and one classroom 

within the Department of Architecture at Adana Alparslan Türkeş Science and Technology University. Simultaneous surveys and environmental 

measurements were carried out with 74 participants. Measured parameters included temperature, relative humidity, air velocity, mean radiant 

temperature, sound pressure level, and horizontal and vertical illuminance. Participants’ thermal perception and comfort evaluations were 

collected using a seven-point Likert scale. Correlation analyses performed with SPSS 25 revealed that thermal perception was significantly 

associated with temperature, air velocity, and horizontal illuminance, while thermal comfort was correlated with temperature, relative humidity, 

and horizontal illuminance. These findings indicate that visual environmental factors, alongside classical thermal parameters, significantly 

influence indoor comfort. The study emphasises the need to consider multiple environmental parameters when designing educational spaces to 

develop user-oriented comfort strategies.
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1. Introduction 

People spend most of their time indoors, and their perception 

of comfort in such environments can influence a wide range of 

outcomes, including building energy consumption [1,2]. 

Ensuring a high level of comfort in indoor environments is 

therefore critical for both user satisfaction and energy efficiency 

[3]. Thermal comfort is defined as the state in which an 

individual feels satisfied with the surrounding thermal 

environment [4]. Classical thermal comfort models are based on 

a set of physical parameters. Air temperature and mean radiant 

temperature are the primary factors, while relative humidity and 

air velocity are also considered, together with personal factors 

such as clothing insulation and metabolic rate [5,6]. The 

appropriate combination of these parameters defines conditions 

that achieve thermal equilibrium or comfort for most users. Air 

movement is particularly important in warm environments, as 

even slight air circulation can enhance comfort by facilitating 

evaporative cooling, whereas in cold environments it may cause 

discomfort due to draught sensations [7,8]. Similarly, relative 

humidity becomes critical in extreme conditions: high humidity 

in hot settings hampers heat dissipation through perspiration, 

leading to a sense of stuffiness, whereas very low humidity can 

cause dryness of the skin and mucous membranes, resulting in 

discomfort [9]. In summary, the literature generally defines 

indoor thermal comfort as an integrated function of physical 

environmental parameters such as temperature, humidity, mean 

radiant temperature, and air velocity. 

Educational buildings constitute a particularly important 

context for indoor comfort research because students and 

instructors spend extended periods in classrooms and studios, 

and perceived indoor environmental quality can affect 

occupants’ satisfaction and task performance-related outcomes. 

Prior work in educational settings has shown that thermal 

conditions, background noise, and lighting quality are associated 

with users’ comfort evaluations and can influence attention, 

perceived productivity, and overall satisfaction with the learning 

environment [10]. Accordingly, studying comfort in real 

educational spaces is not incidental; it directly supports evidence-

based design and operational decisions aimed at maintaining 

acceptable learning conditions while avoiding unnecessary 

energy use. 

In recent years, indoor comfort has increasingly been 

examined beyond the thermal dimension, incorporating the 

effects of acoustic and visual comfort on user satisfaction [11]. 

Overall indoor comfort encompasses not only thermal aspects but 

also lighting conditions and noise levels. Although relatively few 

studies have addressed these comfort dimensions jointly, those 

that do suggest that different sensory domains interact and 

collectively shape perceived comfort [12-16]. Torresin et al. 

(2018) emphasized that thermal, acoustic, and visual comfort are 

interrelated and should be investigated within the same 

conceptual framework [17]. This perspective moves beyond 

traditional single-factor approaches, highlighting the necessity of 

multi-parameter comfort analyses. 

The main physical variables determining indoor thermal 

comfort – air temperature, relative humidity, mean radiant 

temperature, and air velocity – are the key components of 

conventional thermal comfort models [18]. Their combination 

directly influences the human body’s heat balance and perceived 

comfort. According to Fanger’s comfort equation, these four 
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environmental parameters are evaluated together with activity 

level and clothing insulation to calculate the Predicted Mean 

Vote (PMV), where values between -0.5 and +0.5 indicate 

comfort conditions [19]. The literature suggests that balancing 

these parameters is essential to widen the comfort zone and 

improve acceptability. Among them, temperature is the most 

influential parameter affecting thermal sensation [20]. A hot and 

humid environment is more uncomfortable than a hot and dry 

one, since high humidity restricts evaporative cooling [21]. Air 

velocity, on the other hand, can enhance comfort under warm 

conditions by promoting a refreshing sensation, though at lower 

temperatures it can cause discomfort due to draughts [22]. Mean 

radiant temperature, reflecting the heat emitted by surrounding 

surfaces such as walls, floors, and windows, is also significant. 

A person may feel cold in a room with cool walls even if the air 

temperature is neutral, or conversely, may perceive warmth near 

a sunlit window despite a moderate air temperature [23]. Hence, 

comfort standards recommend considering both air and mean 

radiant temperatures together rather than individually. 

Recent research has also revealed that noise can influence 

people’s thermal comfort perceptions. Nagano and Horikoshi 

(2005) examined the interaction between temperature and noise 

under warm and cool conditions, finding that noise did not alter 

thermal sensation but affected thermal comfort, while higher 

temperatures reduced auditory comfort [24]. Similarly, Pellerin 

and Candas (2004) found that although noise did not directly 

modify temperature perception, high sound levels negatively 

impacted thermal comfort [25]. Early studies investigating multi-

parameter effects reported inconsistent findings regarding the 

interaction between noise and thermal comfort. Some indicated 

that high noise levels reduce thermal comfort in warm 

environments, while others found no significant effect. More 

recent controlled experiments, however, have clarified these 

inconsistencies and demonstrated that thermal and acoustic 

factors interact in shaping comfort responses [26-28]. 

For instance, Guan et al. observed that raising the sound 

pressure level from 55 dB to 85 dB in a warm environment 

(30 °C) reduced participants’ thermal comfort ratings by 

approximately 1.85 points, accompanied by higher heart rates 

indicating stress [29]. Under neutral (25 °C) and cool (20 °C) 

conditions, noise had no significant influence on thermal 

sensation, suggesting that its effect becomes more pronounced at 

higher temperatures. These findings highlight that noise control 

is particularly crucial for maintaining comfort in warm indoor 

environments. 

Conversely, the influence of thermal conditions on acoustic 

comfort has also been explored. While early studies suggested 

that moderate temperature variations might not affect noise 

perception [30], recent work has shown that temperature can 

indeed modify acoustic evaluations. Guan et al. (2020) and Wu 

et al. (2020) demonstrated that people tend to tolerate noise better 

under thermally neutral conditions but become more sensitive 

when the environment is either too warm or too cold [31,32]. In 

a climate chamber study, Yang and Moon (2019) found that 

acoustic comfort was highest under thermally neutral conditions 

and decreased when temperatures deviated from the comfort 

zone [12]. Participants also rated noise as the dominant factor 

influencing overall comfort, exceeding both thermal and visual 

influences. Collectively, these findings suggest that thermal and 

acoustic environments interact in complex ways, and their 

combined effects on human comfort cannot be explained by the 

simple sum of their independent contributions [33]. 

Lighting conditions and visual comfort represent another 

environmental dimension that can shape thermal comfort 

perception through cross-modal effects [34]. Chinazzo et al. 

(2019), for instance, investigated whether daylight levels 

influence thermal perception in an office-like setting. They tested 

three illuminance levels (low ~130 lx, medium ~600 lx, and high 

~1400 lx) combined with three air temperatures (19 °C, 23 °C, 

and 27 °C). Results showed that a dimly lit, cool environment 

was rated as less comfortable, whereas in warm conditions, the 

same dim lighting improved comfort. High daylight levels made 

cool environments feel warmer and more pleasant, while in 

already warm settings, excessive brightness was perceived as 

burdensome. No significant physiological differences were 

observed, implying that the effects were primarily perceptual. 

The authors concluded that daylight can make warm 

environments more tolerable, while artificial lighting tends to 

intensify thermal discomfort under the same thermal conditions 

[35]. Such cross-modal influences are particularly relevant for 

educational buildings, where daylight availability, task lighting 

requirements, and visual demands vary substantially across 

classrooms and studios and may therefore modulate thermal 

perception during learning activities [10]. 

Despite the growing literature on indoor environmental 

parameters in educational buildings, two gaps remain important 

for practice-oriented comfort research. First, many studies 

examine comfort dimensions in isolation or rely on controlled 

laboratory conditions, which may not fully reflect real classroom 

or studio use. Second, field evidence that simultaneously 

measures a broad set of thermal, acoustic, and visual parameters 

and links them specifically to both thermal perception and 

thermal comfort remains limited. Therefore, the contribution of 

the present work is intentionally positioned as an exploratory, in-

situ correlation study that advances current knowledge by 

providing context-specific evidence from actively used 

educational spaces rather than proposing a comprehensive 

framework. 

Accordingly, the aim of this study is to examine the 

associations between measured indoor environmental parameters 

– air temperature, relative humidity, air velocity, mean radiant 

temperature, sound pressure level, horizontal illuminance, and 

vertical illuminance – and students’ evaluations of (i) thermal 

perception and (ii) thermal comfort in educational spaces. By 

clarifying these relationships under real-use conditions, the study 

offers empirical guidance for integrated comfort strategies in 

educational buildings. 

2. Materials and methods 

2.1. Research area and data collection process 

This study was conducted during the first week of October 

2025 in the indoor educational spaces of the Department of 

Architecture, Faculty of Architecture and Design, Adana 

Alparslan Türkeş Science and Technology University. The 

fieldwork was carried out in three different indoor educational 

settings within the department: two studios (Studio 1 and 

Studio 2) and one classroom (Architecture Classroom) (Fig. 1). 

Studio 1 had façades oriented toward the northeast, southeast, 

and southwest; Studio 2 toward the northwest and southwest; and 

the Architecture Classroom toward the northwest. The primary 

aim of the study was to examine how multiple physical 

environmental parameters influence users’ evaluations of 

thermal perception and thermal comfort. 

A simultaneous data collection approach was adopted. While 

participants completed the survey, individual measurements of 

the physical environmental parameters were taken next to them 
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at the same time. Data were collected from a total of 74 

participants – 36 in Studio 1, 18 in Studio 2, and 20 in the 

Architecture Classroom. Participants remained in their assigned 

classrooms during the measurement sessions, and no rotation 

between different spaces occurred throughout the day. All 

participants were undergraduate students from the Faculty of 

Architecture and voluntarily took part in the research. The 

participants were not selected randomly; instead, they consisted 

of students who were present in the study spaces during regular 

use. Their ages ranged between 18 and 26 years. The gender 

distribution of the participants was 51% female and 49% male. 

Participants wore clothing appropriate to the seasonal indoor 

conditions. However, individual clothing insulation levels and 

body mass index (BMI) were not recorded. Ethical approval for 

this study was obtained from the Scientific Research and 

Publication Ethics Committee of Adana Alparslan Türkeş 

Science and Technology University. All participants were 

informed about the purpose and scope of the research prior to 

participation, and each provided written informed consent 

through the Voluntary Participation Form in accordance with 

institutional and ethical research standards. 

Data collection sessions were conducted at different times of 

the day – morning, midday, and afternoon – during the first week 

of October to reflect the natural variations in indoor conditions 

(Fig. 2). During the measurements, air-conditioning systems 

were in active operation. All measuring devices were calibrated 

before the data collection process to ensure accuracy. The same 

air-conditioning temperature setpoint was maintained in all 

spaces during the measurement period. The minimum, mean, and 

maximum indoor temperature values recorded in the study are 

presented in Table 1. Each data collection session lasted 

approximately one hour and was conducted under normal 

classroom use conditions while students were attending their 

regular courses. No additional natural ventilation was applied 

during the measurement periods. 

The measured physical environmental parameters included 

air temperature (°C), relative humidity (%), air velocity (m/s), 

mean radiant temperature (°C), sound pressure level (dB(A)), 

horizontal illuminance (lux), and vertical illuminance (lux). 

The survey consisted of two main parts: demographic 

information and thermal evaluation. Participants provided 

demographic information and rated their thermal sensation and 

overall thermal comfort using standardized seven-point Likert 

scales (−3 = very cold/uncomfortable, −2 = cold/uncomfortable, 

−1 = slightly cold/uncomfortable, 0 = neutral, +1 = slightly 

warm/comfortable, +2 = warm/comfortable, and +3 = very 

warm/comfortable). This study focuses specifically on the 

relationships between these subjective thermal evaluations and 

the measured physical environmental parameters. In this study, 

the term thermal perception refers to participants’ thermal 

sensation votes, representing their subjective cold–warm 

evaluation of the indoor environment.

 

Fig. 1. Measurement and survey points 

 

Fig. 2. Measurement and survey study
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2.2. Data analysis method 

The data analyses were performed using the SPSS 25 

software. First, the basic distribution characteristics of all 

parameters were identified, and descriptive statistics (mean, 

standard deviation, minimum, and maximum) were calculated to 

understand the overall structure of the dataset. 

To examine the relationships between environmental physical 

parameters and thermal perception and comfort, a Pearson 

correlation analysis was conducted. The normality of continuous 

variables was assessed using the Kolmogorov–Smirnov test, and 

the distributions were found to conform to normality. Therefore, 

the Pearson correlation coefficient, a parametric test, was selected 

to determine the direction and strength of linear relationships 

between the variables. The level of statistical significance was set 

at p < 0.05. The overall research design, fieldwork procedure, and 

data analysis workflow are summarized in Fig. 3. 

3. Results and discussions 

3.1. Descriptive statistics 

The data obtained from the measurements conducted in 

indoor educational spaces and from participants’ subjective 

evaluations were summarized through descriptive statistical 

analysis prior to inferential testing. The mean, standard 

deviation, minimum, and maximum values for the physical 

environmental parameters and subjective comfort assessments 

are presented in detail in Table 1. 

During the study period, the mean indoor air temperature 

was 25.54 °C, ranging between 23.9 °C and 27.0 °C. These 

results indicate that the thermal conditions were generally within 

the neutral temperature range to which users are accustomed. 

Similarly, the average relative humidity was measured as 

38.68%, with values ranging between 27.8% and 46.8%, 

showing a relatively narrow distribution. Air velocity, consistent 

with the enclosed nature of the spaces, remained low, with 

a mean value of 0.17 m/s and a range of 0.01 m/s to 0.69 m/s. 

The mean radiant temperature (Tmrt) values varied between 

25.32 °C and 28.57 °C, with an overall mean of 26.84 °C. These 

findings suggest that there was no substantial difference between 

air temperature and radiant temperature in the studied spaces, 

indicating a generally balanced indoor radiant environment. The 

sound pressure level ranged from 49.10 dB(A) to 58.80 dB(A), 

with a mean value of 53.13 dB(A). 

A wider distribution was observed in the visual environmental 

parameters. Horizontal illuminance levels ranged between 400 lux 

and 2080 lux, with a mean of 845 lux, whereas vertical illuminance 

levels varied between 220 lux and 920 lux, averaging 427 lux. 

These descriptive statistics provide a general framework for 

understanding the distribution of physical environmental 

parameters and subjective comfort perceptions within the study. 

They also serve as a reference for interpreting the relational 

findings in the subsequent statistical analyses. 

 

Fig. 3. Methodological flowchart 

Table 1. Results of descriptive statistical analysis. Source: own study 

Parameter Mean Standard Deviation Minimum Maximum 

Temperature (°C) 25.54 0.77 23.90 27.00 

Relative Humidity (%) 38.68 5.91 27.80 46.80 

Air Velocity (m/s) 0.17 0.16 0.01 0.69 

Mean Radiant Temperature (°C) 26.84 0.70 25.32 28.57 

Sound Pressure Level (dB(A)) 53.13 2.03 49.10 58.80 

Horizontal Illuminance (lux) 845.00 347.27 400.00 2080.00 

Vertical Illuminance (lux) 427.73 158.49 220.00 920.00 

Thermal Perception (−3 / +3) −0.02 0.66 −2.00 2.00 

Thermal Comfort (−3 / +3) 0.77 1.22 −3.00 3.00 
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3.2. Relationships between thermal perception and 

environmental parameters 

A Pearson correlation analysis was conducted to determine 

the linear relationships between users’ thermal perception and the 

physical environmental parameters. The resulting correlation 

coefficients and corresponding p-values are presented in Table 2. 

The findings provide significant insights into the influence of 

indoor environmental conditions on users’ thermal perception in 

educational spaces. 

According to the results, a positive and statistically 

significant relationship was found between air temperature and 

thermal perception (r = 0.243, p = 0.043). This finding supports 

previous studies emphasizing that an increase in temperature 

directly affects users’ perception of warmth [36,37]. As 

temperature rises, individuals tend to perceive the environment 

as warmer, and this tendency is reflected in their subjective 

assessments. 

Similarly, air velocity showed a negative but significant 

relationship with thermal perception (r = −0.267, p = 0.025). 

Increased air movement caused participants to perceive the 

environment as cooler. This result aligns with previous findings 

indicating that even minor air movements in enclosed spaces can 

influence thermal sensation [38-40]. The cooling influence of air 

movement on thermal perception represents a well-established 

psychophysiological response, particularly in warm 

environments. 

Another noteworthy finding was the positive and significant 

relationship between horizontal illuminance and thermal 

perception (r = 0.277, p = 0.020). This result indicates that as the 

level of illumination increased, participants tended to perceive 

the environment as warmer. Prior research has shown that visual 

environmental conditions can indirectly affect thermal 

perception and that variations in lighting can alter how thermal 

environments are experienced [41]. The cross-modal influence of 

lighting, extending beyond vision to shape multisensory comfort 

perception, highlights the complex and multidimensional nature 

of indoor environmental experience. 

In contrast, no statistically significant relationships were 

found between thermal perception and the other environmental 

parameters, including relative humidity, mean radiant 

temperature (Tmrt), sound pressure level, and vertical 

illuminance (p > 0.05). This lack of significance may be 

attributed to the narrow range of variation in these parameters 

within the studied spaces or to participants’ lower perceptual 

sensitivity to these factors. 

Overall, the results indicate that indoor thermal perception is 

primarily influenced by temperature, air movement, and 

illuminance, whereas parameters such as humidity, radiant 

temperature, and acoustic conditions appear to have no 

substantial perceptual impact. These findings are broadly 

consistent with previous studies suggesting that thermal 

perception is shaped by multiple environmental stimuli [42,43]. 

3.3. Relationships between thermal comfort and 

environmental parameters 

The relationships between users’ thermal comfort 

evaluations and the physical environmental parameters were 

examined using Pearson correlation analysis, and the results are 

presented in Table 3. The findings reveal that subjective thermal 

comfort in indoor educational spaces is particularly associated 

with specific environmental factors such as temperature, 

humidity, and illuminance. 

The results indicate a moderate, negative, and statistically 

significant relationship between thermal comfort and both air 

temperature and relative humidity. This finding clearly 

demonstrates that higher temperature and humidity levels 

adversely affect users’ comfort perception. In enclosed 

environments, elevated temperature and humidity can increase 

both physical discomfort and the psychologically perceived 

sense of unease. Previous studies have consistently emphasized 

that temperature and humidity are key determinants of thermal 

comfort, highlighting that high humidity impairs evaporative 

cooling through perspiration and thus reduces comfort perception 

[44-46].  

Table 2. Relationships between thermal perception and environmental parameters. Source: own study 

Parameter Pearson r p-value Relationship 

Temperature (°C) 0.243 0.043 Positive and Significant 

Relative Humidity (%) −0.080 0.510 Not Significant 

Air Velocity (m/s) −0.267 0.025 Negative and Significant 

Mean Radiant Temperature (°C) 0.023 0.848 Not Significant 

Sound Pressure Level (dB(A)) −0.101 0.407 Not Significant 

Horizontal Illuminance (lux) 0.277 0.020 Positive and Significant 

Table 3. Relationships between thermal comfort and environmental parameters. Source: own study 

Parameter Pearson r p-value Relationship 

Temperature (°C) −0.279 0.009 Negative and Significant 

Relative Humidity (%) −0.323 0.006 Negative and Significant 

Air Velocity (m/s) 0.016 0.895 Not Significant 

Mean Radiant Temperature (°C) 0.012 0.922 Not Significant 

Sound Pressure Level (dB(A)) 0.031 0.801 Not Significant 

Horizontal Illuminance (lux) −0.259 0.030 Negative and Significant 

 

Another noteworthy finding is the negative and significant 

correlation between horizontal illuminance and thermal comfort 

(r = −0.259, p = 0.030). This result suggests that higher levels of 

horizontal illumination may lead to lower subjective comfort 

ratings. It indicates that visual environmental conditions can 

influence not only visual perception but also other sensory 
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dimensions, such as thermal comfort. Recent studies have 

increasingly demonstrated that visual environmental parameters 

can exert cross-modal effects on thermal comfort perception. 

Specifically, high levels of brightness may cause the 

environment to be perceived as warmer or more stifling, which 

in turn negatively affects comfort [47]. 

No statistically significant relationships were found between 

thermal comfort and the other environmental parameters (air 

velocity, mean radiant temperature, sound pressure level, vertical 

illuminance) (p > 0.05). The absence of significant correlations 

for classical thermal comfort parameters such as air temperature 

and radiant temperature may be explained by the relatively 

narrow temperature range (approximately 23.9–27.0 °C) and the 

high level of thermal adaptation among participants. Similarly, 

the low air velocity levels observed during the measurements 

likely limited its effect on comfort perception. 

Overall, these findings demonstrate that thermal comfort in 

indoor educational spaces is significantly influenced by 

temperature, relative humidity, and visual environmental 

conditions. Increasing humidity directly reduces comfort, while 

higher illuminance levels may indirectly decrease comfort 

through cross-modal perception effects. These results once again 

underline that indoor comfort is shaped by the combined 

influence of multiple environmental factors and cannot be fully 

explained by classical thermal parameters alone. The literature 

similarly suggests that comfort perception in offices and 

educational spaces cannot be limited to temperature and 

humidity, as acoustic and visual conditions also play important 

roles in shaping the overall comfort experience [48-49]. 

Although several relationships were found to be statistically 

significant, the correlation coefficients indicate weak effect sizes, 

suggesting that these environmental parameters have a limited 

but measurable influence on users’ thermal perception and 

comfort. 

The results of this study indicate that thermal perception 

and comfort in indoor educational spaces are shaped not only by 

basic thermal factors such as temperature but also through 

interactions with other environmental parameters such as relative 

humidity, air movement, and lighting conditions (Fig. 4). The 

observed effects of illuminance on thermal perception and 

comfort support the multisensory interaction framework 

increasingly emphasized in recent research [50,51]. These 

findings suggest that users’ responses to environmental 

conditions are influenced not only by physical factors but also by 

perceptual and psychological mechanisms. Particularly in 

educational settings – where occupants spend extended periods 

of time – comfort experience is a multidimensional and dynamic 

phenomenon. Hence, the study highlights the need to integrate 

thermal, visual, and other environmental parameters holistically 

in the design of indoor environments to achieve enhanced user 

comfort. The analysis was conducted at the bivariate level to 

identify the individual associations of each environmental 

parameter with thermal perception and comfort, rather than to 

develop a predictive multivariate model. Therefore, the results 

should be interpreted as indicative relationships highlighting the 

relative contribution of single parameters under real-use 

conditions.

 

Fig. 4. Relationships between thermal perception, thermal comfort, and environmental parameters

4. Conclusions 

This research provides a holistic approach to understanding 

how multiple physical environmental parameters influence users’ 

thermal perception and comfort in indoor educational spaces. 

The findings demonstrate that not only classical parameters such 

as temperature but also other environmental factors – including 

relative humidity, air movement, and illuminance – play an 

important role in shaping indoor comfort experiences. In 

particular, the role of visual environmental conditions in thermal 

perception and comfort underscores the importance of 

considering multisensory interactions in comfort evaluation. 

Based on these findings, it is recommended that indoor 

design and management processes address thermal comfort not 

solely through temperature and humidity control but by 

considering the combined effects of multiple environmental 

parameters. To enhance perceptual comfort in educational 

spaces, it is essential to optimize the various physical 

environmental conditions in an integrated manner. 

While this study contributes new data to the literature on 

indoor comfort, it also highlights the need for architecture and 

interior design disciplines to account for the influence of multiple 

environmental parameters on user perception. Future studies that 

include a wider range of user profiles and diverse indoor settings 

will further contribute to a comprehensive understanding of 

comfort criteria.  

This study has several limitations. The field measurements 

were conducted in a single university building and within 

a relatively narrow range of indoor environmental conditions. In 

addition, personal factors such as clothing insulation levels and 

body mass index (BMI) were not recorded, which may influence 

individual thermal perception and comfort responses. In addition, 
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the analysis was limited to bivariate correlations; future studies 

may employ multivariate models to evaluate the combined effects 

of environmental variables and control for shared variance. Future 

research, including different building types, broader environmental 

conditions, and personal variables, would contribute to a more 

comprehensive evaluation of indoor comfort. 
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