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[bookmark: _Toc217391887]ABSTRACT
This study aimed to examine the perception of thermal comfort across various populations, with particular emphasis on gender differences and individuals with disabilities. A quantitative longitudinal design was employed.  Data was collected from 77 students and academic staff through structured questionnaires and real-time recordings of outdoor temperature and humidity during lectures.  Analysis was conducted using descriptive statistics, chi-square tests, and binary logistic regression.
The results indicated no statistically significant relationship between individual factors—gender (χ² (1, N = 72) = 0.605, p > .05) and health-related vulnerabilities (χ² = 0.607, p > .05)—and students' perceptions of thermal comfort.  
The study underscores the necessity of enhancing student autonomy in their environment and reevaluating the application of fixed thermal standards in university teaching rooms, despite the absence of significant results that constrain predictive conclusions.  Recommendations involve enhancing adaptive ventilation strategies, augmenting user control, and pursuing future research with larger and more diverse samples across various seasons.  This study improves the understanding of thermal comfort in universities located in temperate climates and advocates for the implementation of adaptive comfort strategies in educational settings.
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[bookmark: _Toc217391889]1.1 Introduction
Thermal comfort is a crucial aspect of the indoor environment, influencing the well-being, productivity, and satisfaction of the people occupying indoor spaces. Achieving an optimal thermal condition ensures that people feel safe and comfortable within a space, especially in an educational setting (Arif et al., 2016; Al Horr et al., 2016). With the growth and expansion of university campuses as well as the issues of climate change deepening, attaining an optimal indoor temperature has become a persistent concern for learning institutions aiming to improve comfort in the learning space as well as their productivity. In this case, examining the factors contributing to thermal comfort has been deemed important.
International standards such as the ISO 7730 (ISO, 2005) and ASHRAE 55 (ASHRAE, 2020) have formulated environmental parameters for indoor thermal comfort, such as the thresholds for humidity and temperature. For instance, the ASHRAE 55 standards have established the acceptable room temperatures for optimal thermal comfort to range between 20°C and 26°C, even though it can vary based on other factors (ASHRAE, 2020). Despite the wide recognition and institutionalisation of these standards, they still have weaknesses based on the fact that the thresholds they have put in place are obtained from data in temperate areas and fail to capture thermal comfort dynamics in developing and tropical contexts.
Empirically, factors such as humidity, air movement, temperature, and personal characteristics contribute to overall thermal comfort. Indoor air temperature significantly affects thermal comfort perception among occupants (Du,  2019). High humidity can lead to a feeling of discomfort, even at moderate temperatures, while low humidity can cause dryness and discomfort (Fanger, 1970). Airflow, whether via natural ventilation or artificial systems, affects thermal comfort. Proper air circulation can help regulate temperature and humidity levels, contributing to occupants' comfort (Nicol and Humphreys, 2002). Clothing insulation levels differ among individuals and can influence the impression of thermal comfort. Factors such as clothing type, thickness, and personal preference influence occupants' thermal comfort requirements (ISO 7730, 2005).
Two distinct study models can be employed to comprehend and anticipate human thermal comfort: the anticipated mean vote and the adaptive comfort method. Historically, research models like the Predicted Mean Vote (PMV) by Fanger in the 1970s standardised perceptions of thermal comfort (Fanger, 1970). The PMV model asserts that human comfort is contingent upon the equilibrium between skin temperature and perspiration rate. However, newer models, such as the Adaptive Comfort Method (ACM), recognise that occupants dynamically interact with their environment (Grassi et al, 2022).
Both PMV and ACM models have impacted building codes regarding energy performance, particularly EN 16798-1:2019. Additionally, standards such as ASHRAE Standard 55 and ISO 7730 provide guidelines for achieving thermal comfort in buildings (ASHRAE, 2020; ISO, 2005; Olesen and Parson, 2002a). Numerous university lecture rooms have been created in accordance with these architectural codes.  It is crucial to acknowledge that these models and standards possess limits and may not entirely encapsulate the intricacies of thermal comfort perception in practical environments. While the concept of thermal comfort has been widely studied in the UK, it has majorly focused on industrial and office context, and as such studies focusing on the setting of higher learning institutions has remained limited, especially when looking at the integration of subjective perceptions of thermal comfort and objective measurements such as humidity and temperature.
Furthermore, field studies have been extensively used to study thermal comfort in a lab setting, commercial, and office buildings, but results of these studies usually generalise perception of the whole population (Grassi et al, 2022). This research seeks to examine the perception of thermal comfort among various genders and those with health vulnerabilities, and with environmental factors such as outdoor temperature and humidity within an educational context.  By comprehending their distinct experiences, design techniques can be customised to meet varied needs, while stakeholders simultaneously reconcile sustainability with energy efficiency and economic limitations.
[bookmark: _Toc217391890]1.2 Objective
This study aims to investigate the relationship between the university academics’ and students' individual factors such as gender and health-related vulnerability and their perception of thermal comfort during lectures at the University of Wales Trinity Saint David (UWTSD), Swansea Waterfront Campus. University buildings facilitate many activities, including lectures, seminars, and study sessions, necessitating extended occupation by staff, students, and faculty. Gundogdu et al. (2023) argue that thermal comfort significantly influences students' cognitive performance, concentration, and academic achievement. Consequently, maintaining ideal temperature conditions in university classrooms and study areas is essential for promoting educational outcomes and improving the overall learning environment. The study aims to answer a key research question:
I. Is there a significant relationship between individual factors such as gender and vulnerability to health conditions, and students' perception of thermal comfort during lectures at the University of Wales Trinity Saint David (UWTSD), Swansea Waterfront Campus?
The study hypothesises that there will be a significant association between individual factors, such as gender and vulnerability to health conditions, and university students' perception of thermal comfort.
[bookmark: _Toc217391891]1.3 Scope and Significance 
The setting of this study is limited to the University of Wales Trinity Saint David (UWTSD) as a higher learning institution. Considering that the study aims at establishing whether there is a significant relationship between the variables, the study will not be limited to the descriptive analysis but will expand to include inferential analysis for testing the relationships.
This study will play a significant role in improving the student learning environment by providing empirical evidence to the university that will inform the optimisation of indoor thermal conditions. Comfortable settings augment productivity and focus.  Students and instructors gain advantages from ideal thermal conditions, resulting in improved learning results. The study also bridges the subjective and objective perspectives of thermal comfort in an educational setting, therefore contributing significantly to the field of research in environmental psychology. 
This study is significant for informing policy and practice by providing empirical evidence to guide the design and management of indoor learning facilities at the institution.  By comprehending the perceptions of thermal comfort among diverse demographic groups, architects and designers can develop more inclusive educational environments.  Tailored design elements (modifiable temperature zones or seating configurations) can address varied requirements.  Customising HVAC systems according to inhabitants' preferences minimises energy waste.  Energy-efficient structures advance sustainability objectives.  Acknowledging gender-specific requirements promotes social equality.  Facilitating thermal comfort for at-risk individuals fosters equity.  This study may stimulate additional research into various demographic characteristics (age, cultural background) and their influence on thermal comfort.  Comparative analyses among multiple building forms and climates could enhance comprehension.
[bookmark: _Toc217391892]1.4 Limitations of the Study
This research aimed to offer important insights into the perception of thermal comfort; however, it is crucial to acknowledge its limitations.   The study's sample size may be limited by practical constraints.   A limited sample may not adequately represent the diverse population of educational structures.   Participants drawn from a specific educational institution may not accurately reflect other contexts or demographic groups.
The research focuses on a specific modern educational framework.   Findings may not be generalisable across all educational contexts or professional settings.   Certain university classrooms and auditoriums may be situated in historic buildings that do not meet modern standards.   The specific air conditioning system and thermostat configurations in this building may influence the results.
Data collection relies on participant surveys, which are prone to self-report bias.   Participants may not consistently express their thermal comfort experiences accurately.   Social desirability bias can affect responses, leading participants to provide socially acceptable answers.   Furthermore, while the study includes individuals with disabilities, it may not encompass all types of disabilities, including chronic illnesses and mental health disorders.   Specific limitations may require tailored strategies that exceed the scope of this study.
This study acknowledges the issue of gender categorisation.   Defining gender categories is complex and may not fully capture the diversity of gender identities.   Binary gender classifications (male/female) may overlook non-binary or gender-fluid individuals.
Factors external to HVAC systems, such as lighting, acoustics, and spatial arrangement, influence thermal comfort.   This study does not explicitly examine these aspects.   Furthermore, perceptions of thermal comfort can vary throughout the day, across different seasons, and due to individual characteristics.   Wales exhibits a maritime climate marked by variable overcast conditions, windiness, and precipitation, which can be attributed to its location near the Irish Sea and its mountainous terrain.   The study offers a brief overview; however, it fails to analyse long-term variations.
The results of the study may be influenced by cultural norms in Wales, regional climate, and specific construction techniques at the site.   Furthermore, interactions with peers, professors, or colleagues can affect perceived comfort.   The social dynamics within educational institutions are seldom comprehensively recognised.   Survey data and subjective perceptions may not reliably align with objective physiological responses. This research will provide valuable insights into thermal comfort perceptions, aiding the development of more inclusive and practical building design methods.
[bookmark: _Toc217391893]1.5 Structure of the Study
This study will be implemented in five chapters. The first chapter has introduced the study, outlining the background of the problem, the objective, and the research question it intends to answer, and the scope and significance of this study. The next chapter will present the literature review, focusing on both the theoretical and empirical review, and outlining the research gap. The third chapter will present the methodological approach for this study. It will include a discussion of the research design, targeted population, sampling, data collection methods, data analysis, reliability and validity, and ethical considerations. The fourth chapter will present the results and findings from the study of the data collected. The chapter will mainly focus on discussing the demographic characteristics of the respondents, descriptive analysis results, and inferential analysis results. The last chapter will discuss in depth the results, draw a conclusion, and provide recommendations for practice and future research.
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To set the ground for an in-depth evaluation of current knowledge on thermal comfort and factors influencing it, this chapter presents a literature review of both past theoretical and empirical works. This review aims to synthesise current information on the relationship between environmental factors, such as temperature and humidity, and individual characteristics such as gender and vulnerability to health issues, with perception of thermal comfort. The chapter is structured into three main sections: theoretical review that provides the theoretical foundation of the study, empirical review that reviews and critically analyses and synthesises past studies, and research gap that outlines what is missing in the literature and how this study will fill the gap.
[bookmark: _Toc217391896]2.2 Theoretical Review
The theoretical foundation of this study is guided by the Predicted Mean Vote (PMV), Adaptive Comfort Method (ACM), and the Person- Environment Fit theory. 
[bookmark: _Toc217391897]2.2.1 The Predicted Mean Vote Model
The Predicted Mean Vote model was founded in 1970 by Povl Ole Fanger at Kansas State University and the Technical University of Denmark (Fanger, 1970). The model was developed as an empirical fit to the human sensation of thermal comfort, justifying why it is widely referred to in modern research as the foundational model in thermal comfort research. Following its merit, the model was later adopted as an ISO standard. The model forecasts the average vote of a large group of people on a seven-point thermal feeling scale where +3 is hot, +2 is warm, +1 is slightly warm, zero is neutral, -1 is somewhat cool, -2 is cool, and -3 is frigid. 
This model is significant in this study because it forecasts the perception of thermal comfort of individuals based on six individual and environmental conditions: insulation from clothing, metabolism, air flow, humidity, indoor radiant temperatures, and indoor air temperature. The model also provides a standard threshold for acceptable indoor temperature and humidity conditions, which will inform and guide the interpretation and discussion of findings in this study.   
Previous studies that have reviewed, used, and researched the Predicted Mean Vote model have supported and criticised the model. In a review of the model, Yau and Chew (2014) argued against the model, pointing to the fact that the model underrates the thermal implication in real-world cases and therefore is no longer suitable for use in certain given climates. Nevertheless, they agree to its significance, observing that there is still an all-inclusive model so far that can be adaptive to all climates, including the tropical climate countries. Zhang and Lin (2020) acknowledged the benefits and weaknesses of the Predicted Mean Vote model and proposed an extended version of the model that takes into consideration all the groupings of thermal adaptation, including behavioural, psychological, and physiological adaptations. Their model proved to address some of the weaknesses associated with the Predicted Mean Vote.
[bookmark: _Toc217391898]2.2.2 Adaptive Comfort Method (ACM)
The Adaptive Comfort Method Model is a thermal comfort model developed in the late 1990s by Richard de Dear and Gail Brager. The model defines thermal comfort based on the ability of the occupants to adapt to the environment, rather than just sticking to the set temperature points. In their study, de Dear and Brager (1998) found that individuals in naturally ventilated buildings were more comfortable with the variations in seasonal temperatures than previously alleged. The model recognises that individuals modify their attire, activity levels, and expectations based on climatic conditions and accessible control mechanisms, resulting in a broader acceptable temperature range than conventional, static models.  This methodology is crucial for sustainability as it fosters energy-efficient architectural design and operation by diminishing dependence on mechanical heating and cooling systems.
The Adaptive Comfort Model is recognised as essential for reducing the environmental effects of buildings within the framework of sustainability (Clear et al., 2013).  Permitting a broader spectrum of permissible temperatures enables buildings to diminish their energy usage for heating, ventilation, and air conditioning (HVAC).  Decreased energy use results in lowered carbon emissions and reduced dependence on fossil fuels.  This concept endorses passive design principles, natural ventilation, and occupant autonomy, fostering resource efficiency and environmental stewardship.
This model is significant to this study in the context of the study’s setting and concept of adaptability. The foundation of this model, which states that individuals can adapt to different thermal environments over time, based on the context, such as control of behaviour, type of building, and climate, resonates well with the aim of this study. The model will help in explaining the variation in students’ responses to perceived thermal comfort, given that the study will be conducted in a climate-controlled lecture room. The premise of this model is essential in supporting the situational and individual considerations, such as gender and vulnerability to health conditions, implemented in this study. 
Past studies researching this model have argued in support of this model, while others have worked on improving it. A survey by Clear et al. (2013) contributes to the understanding of this model by statistically supporting its premise that thermal comfort is not delivered to room occupants by just the mere room environment, but rather by what people pursue in their daily lives as usual. Parkinson et al. (2020) on the other hand proposed nudges to improve on this model including allowing the model to use the mixed-mode buildings—those relying on both natural ventilation and mechanical systems for cooling—, adjusting the ASHRAE Standard 55 to permit warmer temperatures in Asia, and allowing setpoints for air conditioning in office spaces to vary seasonally. 
[bookmark: _Toc217391899]2.2.3 Person- Environment Fit theory
The Person-Environment (PE) Fit theory was developed in 1974 by Cobb and Rodgers, building upon Kurt Lewin's field theory that asserts that behaviour is function of both a person and environment (Lindorfer, 2021). The "environment" in PE fit research encompasses various forms, with organisational contexts being a critical context for individuals' fit or misfit. Henceforth, PE fit is defined as the compatibility that occurs when individuals match the characteristics of the work environment they inhabit (Caplan and Van Harrison, 1993). The concept that individuals possess unique goals, needs, values, abilities, and personalities, while organisational environments exhibit distinct demands, resources, values, and cultures, leading to varying degrees of compatibility, and that the process of "fitting in" is dynamic, eliciting behavioural, cognitive, and emotional responses, has been widely acknowledged since the introduction of person-environment fit as an independent theory in 1974. Presently, the PE fit idea has established itself as a firm research framework and has surfaced in many different literatures, ranging from applied and vocational psychology to human resource management, resulting in a plethora of theories that cover many different views on, and various conceptualisations of, PE fit (De Cooman and Vleugels, 2022). From an individual standpoint, fit theories propose that fit is a desirable and gratifying experience in its own right, particularly when many types of fit coexist.
This theory identifies the interplay between individualist factors (individual characteristics) and environmental factors to influence an individual’s well-being. Taking to the context of this study, the theory is significant in the sense that it supports the analysis of how individual factors (gender and vulnerabilities to health conditions) interact with the environmental factors within a lecture room setting (temperature and humidity) to shape student’s perception of thermal comfort. The theory primarily frames the perceived thermal discomfort among the students as a mismatch between their individual needs and the lecture room conditions. 
A review of this theory by Van Vianen (2018) found out the fit between an individual’s factors and environmental factors predicted individual human behaviour better than each of them separately, and that the compatibility between the two is what matter over their rating, and lastly that the direction of their misfit is insignificant in whatever context the two are looked at. Despite these observations, Vin Viamen (2018) observes that getting an optimal fit is not always possible and therefore calls for the need to investigate the significant fit constructs, fit perception formation, as well as the limit condition for fit and misfit effects. Yu (2009) exploring this theory and mainly focusing on dual role of affect as both the cause and outcome acknowledged several key issues with the model including the assumption that affect is only an outcome, a limited explanation of antecedents of the model, and lack of accountability for the lack of correspondence between the subjective and objective fit components. Yu (2009) expanded the model for PE fit, addressing these shortcomings and increasing the understanding of the PE fit model. 
[bookmark: _Toc217391900]2.3 Empirical Review
An empirical review of literature was performed to synthesise the available knowledge, identify gaps in research, and justify the need for this study. Thermal comfort is defined by Butera (1998) as a psychological condition assessed subjectively, indicating satisfaction with the thermal environment. It is an individual's perception of the thermal environment, characterised by a neutral sensation in regard to that environment, without perspiration. Nicol and Roaf (2017) identify thermal comfort as a term that describes the individual level of satisfaction with the thermal environment of a building. The notion of what is comfortable has evolved with time and has been influenced by both subjective and objective factors, and therefore, integrating both when examining students' perception of thermal comfort in an educational setting was important in this study (Balbis-Morejón et al., 2020). In design and development of building the concept of thermal comfort is given attention owing to its significance in influencing individuals’ productivity, well-being and health.
Thermal comfort in educational settings has emerged as a more relevant field of study, especially in the wake of the changing climate conditions, the quest to save energy and the ever-increasing interest in paying more attention to the well-being and performance of students. The published studies by several researchers in the UK note that conventionally designed university lecture theatres that rely on the use of natural ventilation typically perform poorly with regard to the achievable comfort levels (Jowkar and Montazami, 2018; Rijal, Montazami and Jowkar, 2020). Such weaknesses have been suggested to be connected with the absence of user-controlled thermal systems, such as the thermostats, fans, and blinds, which do not allow students to modify their immediate environments to suit their personal preferences and physiological needs better. It is not only that this lack of thermal agency is uncomfortable, but that it indicates a breakdown of design in how buildings are designed and how building occupants are viewed in the context of designing buildings in terms of the quality of the indoor environment.
One criterion used in thermal comfort studies, such as temperature acceptability, is anything but immutable and universal. It is significantly different depending on the variety of environmental and personal factors, and the history of climates and seasonal adaptation play a large part. In this respect, the thermal history concept, which implies the many-year climatic load that an individual can face, has been acquired as a powerful predictive variable of thermal perception. Taking the example of Jowkar et al. (2020) and Rijal, Montazami and Jowkar (2020) comparative studies, which sampled university attending students in Coventry and Scotland, found that the students who were acclimatised to colder weather had much higher tolerance to low classroom temperatures. This observation provides empirical support for the adaptive thermal comfort model, which is an alternative to the classical concept of predictive mean vote (PMV) and predictive percentage of dissatisfied (PPD) developed by Fanger. Although the PMV model presupposes that comfort can be found within a definite strip of environmental conditions, the adaptive model considers that people can adapt their expectations and preferences to previous experience, cultural conventions, behaviour in clothing, and even institutional training.
The parameters of the environment, composed of temperature and relative humidity of air, are considered the fundamental variables in discussing thermal comfort in the context of the current adaptation, though these should be considered as references to the experiences of the subject. The study conducted by Torriani et al. (2023) highlights that small fluctuations of temperature, even in the range of +/-2 C of the neutral temperature of comfort, tend to create discomfort in groups of students with a statistically high likelihood. This is especially worrying in that temperate regions have frequent sharp changes of weather, and building insulation differs. Humidity, which is often talked about as a secondary variable, is also involved somehow. Its impact is not so noticeable in moderate weather, such as in Wales. However, empirical evidence reveals that both high and low rates of humidity (less than 30 and more than 70 per cent) also relate to breathing difficulties, worsened decision-making abilities, and a general dissatisfaction with the environment (Li, Ma and Zhan, 2020). In some studies, such as de Dear & Brager (2002) all these factors including include indoor air velocity, air temperature, clothing insulation, humidity levels, personal preferences, and metabolic rates have been found to significantly influence individual perception to thermal comfort. There still however exists some conflict, however, over whether the humidity has any independent effect on the perception of comfort or is acting synergistically with temperature and air flow.
Thermal comfort perception is even more complicated in cases where subjective measures on occupant reaction are contrasted with the objective environmental measures. Both Mishra, Derks and Loomans (2017) and Elnaklah, Ayyad and Alnusairat (2023) demonstrate persuasively that even the environments that the students can use by the regulatory or design standards do not always impress them. Their works outline an ongoing discrepancy between the perceived phenomenon (the air temperature falls within the so-called comfort zone) and the one measured. In such settings, psychological and contextual variables, such as expectations, where they are seated, time of the day, and the duration of the lecture, cannot be measured using standard instruments as they influence thermal experiences. Coupled with the results of the other studies is the evidence that the inclusion of subjective measures, that is, thermal sensation votes (TSVs), thermal comfort satisfaction scales or even binary responses (e.g., Are you comfortable? On the last row they reduced the last line of the stairs assessment paper to respond to end up with Yes/No) into empirical comfort assessments. Studies such as Frontczak et al. (2012) have shown that psychological factors such as expectations, adaptation, and perceived control over the environment can influence occupants' comfort perception. These solutions offer friendly, real-time data which may be used to improve the ecological validity of comfort assessments, particularly in crowded classrooms, where instrumentation cannot explain microclimates.
The concept of thermal comfort is found to be increasingly involved with demographic aspects to describe inter-individual differences. Even gender, especially, has displayed a tendency to affect thermal comfort preferences and limits. The results by Jowkar and Montazami (2018) identify significant consistency in gender-based differences, as noted by female students dissatisfied with both warm and cold temperature ranges. Such results are confirmed by wider physiological studies, which indicate that female metabolic rate tends to be lower and skin-fat insulation to be thinner, and hence, such women are likely to be more prone than men to variations in temperature. Likewise, Romero et al. (2025) put stress on the idea that thermal preferences are not a gender-free issue when dealing with students, and the inability to take it into account can give rise to the establishment of building design and HVAC settings that will impact one segment more than the other unintentionally. In addition to gender, it was found that health conditions, like asthma, cardiovascular conditions, or other temperature-dependent disorders, are also significant indicators of thermal discomfort. Stefanizzi and Nico (2015) indicated that these students with such health conditions found discomfort to be much more subjective both at the high and at the low temperature extremes, and this aspect needs to be addressed through comprehensive comfort interventions in academic settings, keeping the vulnerable subpopulation in mind.
Another approach, defining the workplace environment, primarily pertains to the ventilation channels, especially natural ventilation, in the empirical discourse on classroom comfort. In temperate regions, passive cooling and renovation of the air through opening windows and doors is an option since it can also be found to be desirable because of its budgetary and environmental advantages. As both Teli, James and Jentsch (2013) and Disci, Lawrence and Sharples et al. (2024) noted, classrooms where the operable windows and movable furniture allowed achieving flexibility in the classroom layout were rated considerably higher in terms of comfort. However, these advantages are subject to user control and management. Windows in most institutional buildings, especially the older ones, are typically fixed or blocked, and heating systems are designed to be based on a closed system and are, therefore, insensitive to outdoor environmental factors. This mismatch between the environmental control and the occupant requirements is also the most common source of thermal discomfort. The outcomes provided by Romero et al. (2025) further indicate that the introduction of user-responsive features in classroom interiors, that is, individualised airflow, variable shading, or seat selection, might considerably improve the thermal satisfaction, particularly within an environment where centralised climate control is not provided.
One of the most fascinating areas of the literature is based on the cognitive and academic outcomes of thermal discomfort. Research on a multi-university basis by Hoque and Weil (2016) found direct links between poor classroom conditions and poor student-reported engagement, concentration, and comprehension. This observation is reflected in the study by Wang et al. (2017), who demonstrated that even slight violations of the norms of comfort in the classroom situation resulted in a specific reduction in the sense of the effectiveness of learning, in particular, in the case of lengthy lectures. In their study, they highlighted that thermal comfort does not solely deal with physical health and well-being but has a direct relationship with academic efficiency and cognitive capability. Intersectional concern here is in line with current pedagogical interests in whole environment learning, where climate control, light, sound and furniture positioning all contribute or distract the student in success.
There are still gaps in the empirical literature despite these insights. Most previous research is also seasonal or geographically restricted, wherein the results are usually gathered within a single term of study or a single area of the world. This reduces the extent to which they can be used generally, particularly in Wales, whose climate conditions in terms of temperature and humidity levels differ a lot across months. The other type of deficiency is related to the methodological homogeneity of previous works, most of which are based either on objective measurements or subjective surveys, but hardly ever on both. The third problem is the composition of the sample: most widely used studies are statistically skewed towards some age cohorts, or may not provide information on health or vulnerability, or presuppose gender neutrality. The current research offers a contribution to the literature, as it directly covers any of these gaps by means of a multifactorial nature of the study that incorporates real-time monitoring of the indoor environment in terms of temperature and humidity levels, subjective measures of perceived room comfort, and personal demographic features. It is in Wales, and its context of study, mechanically ventilated teaching rooms, offers long-awaited evidence prompted by the underrepresentation of the context among global bodies of comfort research.
In addition, although descriptive research has provided a qualitative study containing insightful information about comfort dynamics, the discipline requires statistically robust, inferential models that can isolate relevant predictors and confounding variables. The fact that, in this study, both categorical and continuous variables, involving gender, health status, ventilation mode, and perceived comfort, are used allowing this study to deliver detailed and implementable findings to university facility managers, building engineers, and those who are involved in making policies.
 Concisely, empirical literature on thermal comfort in educational facilities highlights the complexity of the construct, which is triggered by environmental as well as individual traits. The notion of comfort in the university classrooms is not only determined by objective measurable parameters, such as air temperature and humidity, but also by adaptive behaviour and thermal history, demographics and psychosocial expectations, within a temperate climate such as the UK. The literature confirms the necessity of integrative approaches combining sensor-based measurements with subjective comfort rating, emphasises the role of the user-centred design, and focuses on an inclusive policy. Putting this study in this empirical context, then, positioning it accordingly with methods, ecology, and theory, this study is well placed both methodologically and ecologically, and in an expanding and influential realm of research.
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[bookmark: _Toc217382736]Table 2.1: Summary of Empirical Literature Reviewed

	Author(s)
	Year
	Context
	Methodology
	Key Findings
	Relevance to This Study

	Jowkar and Montazami
	2018
	UK university classrooms
	Field measurements + surveys
	Lecture halls failed to meet thermal comfort standards; lack of user control cited.
	Highlights  ventilation issues in UK academic spaces.

	Rijal, Montazami and Jowkar
	2020
	Coventry & Scotland
	Cross-sectional survey
	Climate adaptation influences perception: students from colder regions tolerated lower temps.
	Supports use of adaptive thermal comfort model.

	Jowkar et al.
	2020
	UK campuses
	Quantitative (TSV + temp)
	Seasonal variation and thermal history shape comfort perception.
	Validates role of thermal history in UK university settings.

	Mishra, Derks and Loomans
	2017
	Indian & temperate classrooms
	TSVs + indoor data
	Reported discomfort even when thermal conditions met standards.
	Justifies combining subjective perception with objective measurements.

	Elnaklah, Ayyad and Alnusairat
	2023
	Middle Eastern & UK classrooms
	Comparative study
	Subjective discomfort was high in poorly ventilated spaces regardless of objective values.
	Reinforces need to study  ventilated rooms.

	Li, Ma and Zhan
	2020
	China (temperate)
	Sensor data + questionnaires
	High humidity (>70%) linked to discomfort and concentration issues.
	Supports inclusion of humidity as an environmental variable.

	Jowkar and Montazami 
	2018
	UK students
	Gender-based analysis
	Female students more sensitive to both cold and heat; higher dissatisfaction rates.
	Justifies gender disaggregation in analysis.

	Stefanizzi and Nico
	2015
	University in Italy
	Stratified survey
	Health-sensitive groups reported more frequent discomfort.
	Supports inclusion of health vulnerability in survey design.

	Disci, Lawrence and Sharples
	2024
	UK + Mediterranean universities
	Mixed methods
	Openable windows and user control improved comfort perception.
	Relevant to Swansea’s  ventilated classrooms.

	Hoque & Weil
	2016
	US campuses
	Survey + regression
	Discomfort negatively associated with academic performance.
	Adds justification to link comfort with learning outcomes.

	Teli, James and Jentsch
	2013
	UK primary schools
	Longitudinal study
	Natural ventilation allowed wider comfort range, but control was key.
	Supports emphasis on control and context in comfort evaluation.

	Romero, Miranda and Arranz
	2025
	Mediterranean classrooms
	Comparative comfort study
	Demographic diversity influenced comfort perception; flexible designs improved satisfaction.
	Underscores impact of room layout and individual differences.



[bookmark: _Toc217391901]2.4 Research Gap
Although the literature on thermal comfort in built environments is already expansive, the existing gap still remains in the context, methodological, and demographical diversification of research carried out, especially in the temperate climate zone learning environment buildings, like Wales. While international thermal comfort standards (ASHRAE 55 or ISO 7730) provide scientifically research-based guidelines for the minimum indoor environmental quality, empirical studies have repeatedly shown that the standards usually do not reflect the subjective perception of thermal comfort. In addition, it is noted that thermal dissatisfaction is regularly reported even in conditions that are measured within acceptable levels of comfort zones (Jowkar and Montazami, 2018; Rijal Montazami and Jowkar, 2020; Mishra, Derks and Loomans, 2017). Such a difference means that studies integrating measured data about the indoor environment with perception-based real-time data are necessary, which will add a more ecologically valid account of the experience of thermal comfort.
The exclusive focus on homogeneous samples is another critical limitation, and no specific mention is given to the aspects of demographic diversity, such as gender, age, health status, and thermos-sensitivity. Thus, researchers who have looked into gender differences (Romero, Miranda and Arranz, 2025; Jowkar and Montazami, 2018) identify substantial gaps in the thermal comfort preferences, but these results have not been frequently followed up with specific or broad choices of design. Not unlike that, the issue of health-related vulnerabilities such as sensitivity of the respiratory or cardiovascular system to changes in temperature, is also a largely unexplored area, even though these types of conditions have been shown to have a significant impact on the comfort level of an individual (Stefanizzi and Nico, 2015). The majority of research is still treating occupants of buildings as a monolith, ignoring the various needs of vulnerable subpopulations.
From a methodological perspective, there exists a distinct deficiency in inferential statistical modelling.  A significant portion of the current literature depends on descriptive statistics or cross-tabulations, which constrain the capacity to discern predictive correlations or account for confounding variables.  Limited research uses rigorous multivariate methods, such as binary logistic regression, to examine the combined effects of environmental and human factors on comfort perception.  This constrains the advancement of prediction models that could guide design or policy initiatives.
This study seeks to fill these gaps by utilising a quantitative, longitudinal non-experimental design that incorporates demographic profiling (gender and health status), and subjective comfort responses, analysed using both descriptive and inferential statistics.  This research provides a complex and contextually grounded knowledge of thermal comfort perception in teaching rooms inside a Wales educational institution, demonstrating both methodological rigour and practical relevance.
The next chapter will discuss the methodological approach for this study.


















[bookmark: _Toc217391902]: METHODOLOGY
[bookmark: _Toc217391903]3.1 Introduction
This chapter presents the methodological approach used to examine the relationship between individual factors (gender and vulnerability to health issues), with students’ perception of thermal comfort in an educational setting in the Wales. A quantitative, longitudinal, non-experimental research design was used, allowing the collection of both subjective data through a survey and objective data through reading room temperature and humidity records for one month. The choice of this research design was based on its appropriateness in examining the relationship between the individual factors with the perception of thermal comfort for data collected over time. The chapter is structured into six sections: research setting, research design, population and sampling, data collection methods, participant selection criteria, data analysis and presentation, validity and reliability, and ethical considerations.
[bookmark: _Toc217391904]3.2 Research Setting 
The setting of this research is a higher learning institution in Wales.
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[bookmark: _Toc216873251]Figure 3.1 - The IQ Building, UWTSD, Swansea, Waterfront Campus (own image, 2023)
The study was conducted in an educational building, with mainly teaching rooms at the University of Wales Trinity Saint David (UWTSD), Swansea, Waterfront Campus (see Figure 3.1). The selected building- IQ building- met the building code EN16798-1:2019, a European standard code for energy performance of buildings that defines the indoor thermal parameters to address the ventilation and lighting of buildings (EVS, 2019). The chosen building for the study was equipped with a heating, ventilation, and air conditioning (HVAC) system and a regulated thermostat to manage internal temperature (see Figure 3.2).  The installed ventilation systems would either heat or cool the ambient air as necessary during the survey period.
[image: ]
Figure 3.2 - Thermostat in teaching room, IQ Building, UWTSD , Swansea (Own image, 2025)

[bookmark: _Toc217391905]3.3 Research Design
A quantitative, longitudinal, non-experimental research design was applied in this study to determine the correlation between individual factors (gender and vulnerability to health conditions), with the perception of thermal comfort among students during lectures at the university. This type of design was preferred to offer the opportunity to collect and analyse both categorical (binary and nominal) and numerical (continuous) data of a specified group of students for a period of one month. Since the research was non-experimental, it was ecologically valid, which means that the answers by students in their natural academic context were maintained under inquiry.
By such design, the study was trying to step beyond surface description and on to elucidate the existence of patterns and possible predictors of the aspect of thermal comfort perception. The data were analysed with the use of a combination of inferential (chi-square tests of association, binary logistic regression) and descriptive (mean, standard deviations, frequency distributions) statistical analysis methods. The latter were chosen to be able to gauge not only the bivariate effects but also the multivariate effects on the perception of comfort. By so doing, the research was aimed at providing an empirical-based understanding of the experience of thermal comfort in the higher education environment at a time when the topic has become increasingly popular due to the issues of climate change, energy efficiency, and the well-being of the students.
[bookmark: _Toc217391906]3.4 Population and Sampling
The targeted population were students and academic staff attending a lecture in teaching rooms at the IQ building, University of Wales Trinity Saint David (UWTSD), Swansea Waterfront Campus. The institution has an estimated population of about 2500 students both in the undergraduate and postgraduate programs.
[bookmark: _Toc217391907]3.5 Data Collection Methods
Data was collected using a structured survey questionnaire. The primary data was preferred for this study because the study intended to measure both the subjective and objective factors at the time of the survey. The survey questionnaire was structured with closed ended questions which asked several questions about the participants satisfaction with thermal comfort (the participant's assessment of the teaching room temperature's comfort during the lecture), whether the participants had a medical issue or condition that would affect their perception of temperature, and the ventilation of the teaching room at the time of data collection. The survey also asked two demographic questions on the gender and age of respondents. The estate’s maintenance team provided the record of the thermostat setting for the teaching room or theatre. The records for the outside temperature were obtained online from the Met Office website and were taken in correspondence with the time at which each participant started responding to the survey.
The survey method was favoured for data collecting due to time restrictions, necessitating a swift turnaround for analysis in this research.  Furthermore, owing to budget limitations, no sensors were installed around the space to monitor the temperature, necessitating the reliance on records from the estate's maintenance team. The study was longitudinal, lasting approximately one month, and conducted during the academic term while students were present for in-person lectures or seminars.  The participants noted their comfort level with the room temperature during each lesson. A pilot test was conducted with 10 participants outside the sample frame to evaluate the duration of the study and determine whether the questionnaire's questions and instructions require enhancement to yield meaningful data.
[bookmark: _Toc217391908]3.6 Participant Selection
This study included individuals from diverse backgrounds, focusing on gender and people with disabilities or health conditions that would affect their perception of room temperature. The inclusion criteria of the participants include the participants being students and academics in session at the time of the study and from the University of Wales Trinity Saint David (UWTSD), Swansea, Waterfront Campus. Participants were mandated to be a minimum of 18 years old.  During the preliminary interview, participants were requested to disclose their gender and whether they had any health conditions or disabilities.  The study included participants of various genders (male, female, and other) to investigate potential differences in thermal comfort perception among them.  Likewise, individuals with disabilities and chronic diseases were incorporated to comprehend their specific requirements for satisfaction with the thermal conditions of the institutions' lecture halls and theatres.
[bookmark: _Toc217391909]3.8 Data analysis and Presentation
Statistical analysis was applied to evaluate the relationship between gender and vulnerability to health conditions, with students’ perception of thermal comfort and to compare thermal comfort perceptions across gender and vulnerability groups. Therefore, the data was analysed through a mixed method. 
The statistical test was the chi-square test applied to examine whether there is a significant relationship between individual factors—gender and vulnerability to health issues—with the perception of thermal comfort. In this test, the perception of thermal comfort was the dependent variable while gender and vulnerability were the independent variables. This test was selected because both the dependent and independent variables were categorical.  Apart from the two inferential analyses, the descriptive analysis was performed to characterise the demographics of the respondents as well as show the distribution of data. The study was conducted on SPSS version 26, and the results are presented in tables.
[bookmark: _Toc217391910]3.9 Validity and Reliability
Ensuring the validity and reliability of the research process was essential to the methodological rigour of this study.  In this study, validity pertains to the degree to which the instruments and procedures effectively measured the constructs of interest, specifically students' judgments of thermal comfort and the related environmental and demographic variables.  The questionnaire was created to ensure content validity, drawing from existing thermal comfort research, including metrics from ASHRAE standards and the Adaptive Comfort Model.  Items were evaluated by academic supervisors and subjected to field testing with a small pilot sample of students to verify their clarity and relevance.  
Reliability, denoting the consistency and stability of data collection equipment throughout time and across items, was evaluated using internal checks and statistical analysis.  The binary response format for comfort perception reduced ambiguity and improved answer consistency.  A split-half reliability analysis was conducted on survey responses related to demographic variables to evaluate the trustworthiness of the questionnaire data.  The findings produced a Spearman-Brown value of 0.83, signifying robust internal reliability. Collectively, these metrics suggest that the study's findings are based on methodologically robust and replicable techniques, thus augmenting the overall trustworthiness of the research results.
[bookmark: _Toc217391911]3.10 Ethical Consideration
Various measures were enacted during the survey to protect participants' privacy and confidentiality.  During the initial interview, participants were guaranteed the confidentiality of their data in this research study, and informed consent was obtained from them.  Before data collection, participants received comprehensive information regarding the study's objectives, methodologies, and associated risks.  Participants were informed about their voluntary involvement in the study, their rights, and the confidentiality measures implemented.  Participants were told that they may withdraw from the research at any time without obligation or the need to provide a reason.
 The researcher ensured participants' privacy by informing them that all collected data were anonymised to eliminate any personally identifiable information (PII).  Identifiers, including names, addresses, and contact details, were not associated with the data.  Participants were assigned unique codes or pseudonyms rather than direct identifiers.  The codes were consistently employed throughout the study for data tracking purposes.
 Furthermore, participants were guaranteed that their data would be securely stored on password-protected servers or within encrypted databases.  Access was limited to authorised researchers exclusively.  Access to the data was restricted to designated researchers involved in the study.  Data sharing adhered to stringent protocols and necessitated approval.  Upon completion of the study, the data were either securely archived or deleted by ethical guidelines.  A defined retention period existed for the data.
The researcher and data managers signed confidentiality agreements, committing to uphold participant privacy and refrain from disclosing sensitive information.  Data was aggregated during the presentation of findings to ensure individual identification was not possible.  The results emphasised overarching trends rather than specific individual responses.  The purpose of this initial interview was to assure participants of the commitment to their privacy and to uphold the confidentiality of their information.  
The next chapter presents the results and findings from the study of the data collected.



















[bookmark: _Toc217391912]: RESULTS AND FINDINGS
[bookmark: _Toc217391913]4.1 Introduction
This chapter presents the results of quantitative analysis performed to answer the research question outlined in Chapter 1 of this study. The findings are based on the survey data collected from 77 students and academics at the University of Wales Trinity Saint David (UWTSD), Swansea Waterfront Campus, aiming to investigate the perception of thermal comfort in university lecture environments. The chapter is organised into three sections. The first section discusses the demographic characteristics of the respondents to provide context and assess sample representativeness. The second section discusses the descriptive statistics of the variables, including temperature, humidity, and perception of thermal comfort. The third section presents the inferential analysis to evaluate the hypothesis, including binary logistic regression and chi-square test of association. These findings will provide the basis of interpretation, discussion, and conclusion in Chapter 5. 
[bookmark: _Toc217391914]4.2 Demographic Profile of Respondents
[bookmark: _Hlk202347290]The study collected data from 77 participants who were university students and academics attending a lecture in a teaching room. Of the 77 participants, 51 (66.2%) were male, 21 (27.3%) were female, and 1 (1.3%) was non-binary (see Figure 4.1). Four participants, accounting for 5.2% of the total proportion, preferred not to say their gender. This distribution reflects a skew towards male participants. This imbalance may limit the generalisability of the findings of this study to a broader gender-balanced population and is addressed as a limitation in Chapter 5 of this study. This distribution implies that the result will be interpreted cautiously, and future research should focus on a more balanced sample to ensure broad representation.  While this imbalance is undesirable for the study, especially when gender is a key comparison variable, the distribution aligns with the admission statistics at the University of Wales Trinity Saint David (UWTSD), Swansea Waterfront Campus, where the males dominate with an approximate enrolment rate of 65% compared to the female counterparts. Thus, while the sample is imbalanced, it reasonably reflects the broader student population being studied. The imbalance was also partially attributed to the fact that many male students were more likely to volunteer for the study than their female counterparts. 
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[bookmark: _Toc216873252]Figure 4.1- Gender Distribution
The targeted population in this study was students and academics aged 18 years and above. The distribution of the respondents shows that the sample predominantly comprised younger students, as targeted in the research and aligned with the demographic profile of current students in most higher learning institutions. The respondents within the age bracket 18-24 years constituted 58.4%, reflecting a population of mainly undergraduates and early postgraduates (see Figure 4.2). The respondents within the age bracket 25-34 comprised 20.8%, reflecting older postgraduates primarily employed while pursuing postgraduate studies. The remaining respondents constituted 20.4% (10.4% for 35-44 years and 10.4% for 45 years and above). While age-related dynamic was not a key focus of this study, including a wider age range for the participants (18- 45 years and above) improves the representativeness of the targeted sample and diversity of viewpoints. This age distribution is also consistent with the admission trends of the higher learning institutions, where younger students aged between 18 and 35 years dominate the population of full-time undergraduates and postgraduate students, while those aged above 35 years constitute postgraduate students in professional fields continuing with their education. The University of Wales Trinity Saint David (UWTSD), Swansea Waterfront Campus has an estimated population of about 2500 students, consisting mainly of young students aged between 18 and 24 years, with the average age of postgraduates being 30 years. 
[image: A graph of a number of people

AI-generated content may be incorrect.]
[bookmark: _Toc216873253]Figure 4.2 - Age- group distribution
With consideration that the study was examining the participants’ perception of thermal comfort, it was essential to identify whether the participants had medical conditions that might affect their perception of temperature. This question was specifically crucial for the study because it improved internal validity by controlling the confounding variables. The perception of thermal comfort is not entirely environmentally influenced but also impacted by the health and psychological factors (Castaldo et al., 2018). In light of this understanding, the results in Table 4.1 show that a majority of the respondents (90.9%) had no underlying medical conditions that might affect their perception of temperature, and only 9.1% (7) had medical issues. The significantly low number of respondents reporting having problems with medical conditions sensitive to room temperature implies that the responses in this study will be systematically uniform and therefore not likely to introduce bias in the study findings. 
[bookmark: _Toc217382737]Table 4.1: Issue of medical condition that might affect perception of temperature
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	Yes
	7
	9.1
	9.1
	9.1

	
	No
	70
	90.9
	90.9
	100.0

	
	Total
	77
	100.0
	100.0
	


In summary, the demographic profile shows that the respondents were mainly young students and healthy, however, proportionally imbalanced in terms of gender. While only the gender variable was a core analytical variable in this study, the inclusion of the other demographic variables was critical in enhancing the contextual grounding of the results. Having adequately established the demographic profile of the respondents; the following sections turns to presenting the descriptive and inferential analysis results on the relationship between gender, temperature and humidity with perception of thermal comfort.
[bookmark: _Toc217391915]4.3 Descriptive Results 
The dependent variable' perception of thermal comfort' was measured by the question 'Did you find the room temperature comfortable during the lecture?'. The descriptive results (see figure 4.3) show that 48.1% (n=37) of the respondents answered 'Yes', 44.8% (n=26) answered 'No too cold ', while 18.2% (n=14) answered 'No too warm'.  These results indicate a near equal distribution of thermal comfort, with responses on thermal discomfort slightly higher than thermal comfort, suggesting subjective variability in perception of thermal comfort among the students. The findings highlight the potential influence of the moderating factors, such as respondents' expectations, sensitivity to room temperature, and health conditions, which may warrant further investigation. The distribution of thermal discomfort is consistent with the Wales mild temperatures, where, on average, the temperatures are not extremely hot or extremely cold.
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[bookmark: _Toc216873254]Figure 4.3 – Question : Was the room temperature comfortable during the lecture?
As part of strengthening the validity of the findings, the study asked respondents to indicate the condition of the rooms at the time of collecting data. The inclusion of this variable was important because ventilations through either or both windows and doors affect room temperature regulations and airflow and therefore can influence the perceived thermal comfort. The results (see Figure 4.4) show that most of the cases, 70.3% (n=52), had both doors and windows closed during the survey, a smaller portion of the cases had both the doors and windows open during the survey (9.5%, n = 7). Only 4.1% (n = 3) of the cases had the door open during data collection, while 16.2% (n =12) of the cases had the windows open during the survey. These results suggest that a closed environment was the predominant room condition during the study and provide a contextual insight into environmental conditions that could have influenced the perception of thermal comfort by the respondents.
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[bookmark: _Toc216873255]Figure 4.4 - Teaching rooms doors and windows
The average outdoor temperature was 8.97°C (2.60°C) (see table 4.2), indicating cold outdoor conditions, and expected to lower indoor room temperatures to outside the acceptable indoor room temperature range of 16°C - 22°C (HSE, 2013). This finding support earlier findings which indicated slightly more respondents reporting perceived thermal discomfort from cold room temperature, however, the fact that the proportion of those who reported perceived thermal discomfort were nearly equal to those who reported thermal comfort suggest that the aspect of room thermal comfort is not entirely influenced by temperature but other factors such as humidity and gender (Tung et al., 2014; Maykot, Rupp and Ghisi, 2018). The low average of recorded temperature can be explained by the fact that the survey was conducted during late winter to early spring, and we would expect more respondents to indicate thermal comfort if the data were collected in Summer. Future longitudinal research can be carried out comparing thermal comfort between summer (high temperatures) and winter (low temperatures).

[bookmark: _Toc217382738]Table 4.2: Descriptive Statistics Results for Temperature
	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Temperature readings
	74
	5.00
	14.00
	8.9730
	2.59596

	Valid N (listwise)
	74
	
	
	
	


The relative outdoor humidity average was 65.14% (SD=16.634) (see table 4.3) which is high and expected to result to indoor humidity average that lies above the acceptable indoor comfort range of between 30% and 60% (ASHRAE, 2020), suggesting an unstable environmental condition during the survey period. Comparing these findings to reported perceived thermal comfort, the near balance between the reported thermal discomfort and thermal comfort by respondents suggests that perceived thermal comfort is not entirely influenced by humidity but also by other factors such as temperature and gender (Tung et al., 2014; Maykot, Rupp and Ghisi, 2018). Therefore, performing a statistical analysis, most specifically regression analysis, which would include both temperature and humidity in predicting perceived thermal comfort, is essential in confirming whether these two significantly influence perceived thermal comfort and the variations of perceived thermal comfort they account for. 
[bookmark: _Toc217382739]Table 4.3: Descriptive Statistics Results for Humidity
	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Humidity
	77
	.04
	1.00
	.6514
	.16634

	Valid N (listwise)
	77
	
	
	
	


In the section that follows, the inferential analysis: binary logistic regression and chi-square test of association are used to test the statistical significance of the association (influence) between temperature, humidity, and gender with perceived thermal comfort.

[bookmark: _Toc217391916]4.4 Testing Influence of Temperature and Humidity on Individual Perception of Thermal Comfort
In this classical environmental-psychological set-up, the dependent variable, thermal comfort, was assessed by the question “Do you find the room temperature comfortable during the lecture?” in the survey. The question had a ‘Yes’ and “No” responses, with the “No” response dissected further to “No too warm” and “No too cold”. For this inferential analysis, this dependent variable (binary variable) was coded to 1 = Comfortable (‘Yes’ responses) and 0 = Not Comfortable (for “No too warm” and “No too cold”).  The independent variables (continuous variables) were the recorded temperature (°C) and humidity levels (%). 
For statistical rigor, the assumptions of binary logistic regression were tested prior to performing regression itself. The most basic assumption of binary logistic regression is already attained by default as the dependent variable, ‘perception of thermal comfort’, is a binary variable with 1 (Comfortable) and 0 (Not Comfortable). The two independent variables, temperature (°C) and humidity levels (%), are all continuous variables. The second assumption requires independence of observations, that is, there should be no repeated measures in the study. This assumption was achieved in this study as the data were collected at the individual level, with no repeated measures. The third assumption relates to the sample size. The sample size used in this study was adequate (n = 77) given the near balance of outcome distribution.  
The assumption of multicollinearity requires that the independent variables are not highly correlated. Multicollinearity was tested using variance inflation factors (VIFs), which were all below the conservative threshold of 5 (VIF = 1.079 for both temperature and humidity, see table 4.4), indicating no multicollinearity issues between the two independent variables. 
[bookmark: _Toc217382740]Table 4.4: VIF
	Model
	Collinearity Statistics

	
	Tolerance
	VIF

	1
	Temperature 
	.927
	1.079

	
	Humidity
	.927
	1.079

	a. Dependent Variable: Find the room temperature comfortable during the lecture


Lastly, the assumption of linearity of independent variables was confirmed using the Box-Tidwell test with the logit of the dependent variable, and no violations were observed (p > .05) (see Table 4.5). There were no outliers that could distort the estimates.

[bookmark: _Toc217382741]Table 4.5: Box-Tidwell Linearity Test
	Predictor Variable
	B
	S.E.
	Wald
	df
	Sig. (p)

	Temperature
	0.582
	0.198
	8.619
	1
	0.003

	Temperature × ln (Temperature)
	0.039
	0.045
	0.752
	1
	0.386

	Humidity
	-0.105
	0.042
	6.25
	1
	0.012

	Humidity × ln (Humidity)
	-0.021
	0.032
	0.429
	1
	0.513

	Constant
	-9.542
	2.984
	10.219
	1
	0.001


With all the assumptions met, a binary logistic regression was performed to establish whether there is a significant relationship between the independent variables: temperature and humidity, and the dependent variable ‘Perception of thermal comfort’. 
The model explained about 4.2% of the variance in perception of thermal comfort (Nagelkerke R2 = 0.042, see Table 4.6), suggesting a small effect size but not necessarily meaningless. While it represents a moderate explanatory power, the value indicates that humidity and temperature did contribute to the likelihood of thermal comfort, alongside other factors not included in the model. Therefore, this low R-squared value still offers expressive insights into the relationship between temperature, humidity, and perception of thermal comfort.
[bookmark: _Toc217382742]Table 4.6: Model Summary
	Step
	-2 Log likelihood
	Cox & Snell R Square
	Nagelkerke R Square

	1
	100.157a
	.032
	.042

	a. Estimation terminated at iteration number 3 because parameter estimates changed by less than .001.


The Omnibus Test of Model Coefficients was not statistically significant (χ² (2) = 2.374, p = .305) (see table 4.7), suggesting that the inclusion of temperature and humidity as predictors did not significantly improve the model's predictive ability over the null model containing only the intercept. This result indicates that, taken together, these environmental variables did not provide sufficient explanatory power to distinguish between participants who reported comfort and those who did not. While individual predictors may still yield statistically significant coefficients, the overall model lacks the strength to meaningfully improve classification.
[bookmark: _Toc217382743]Table 4.7: Omnibus Tests of Model Coefficients
	
	Chi-square
	df
	Sig.

	Step 1
	Step
	2.374
	2
	.305

	
	Block
	2.374
	2
	.305

	
	Model
	2.374
	2
	.305



[bookmark: _Hlk202648183][bookmark: _Hlk202648211]The coefficient table (see Table 4.8) shows that both temperature (B = 0.059, p = .321) and humidity (B = -1.208, p = .392) are not significant predictors of perceived thermal comfort. Even though non-significant, the coefficient value for temperature shows that every 1°C increase in room temperature would increase the odds of reporting thermal comfort by 9.5 % (B =0.095), keeping humidity constant. Conversely, an increase in humidity levels would result in a decrease in reported perceived thermal comfort. For every 1% increase in humidity, the odds of reporting thermal comfort would decrease by 130.8% (B = -1.308), keeping temperature constant.  The constant is also not significant, suggesting that the baseline log-odds of reporting comfort, when both temperature and humidity are zero, is not distinguishable from chance. However, since values of zero for these predictors fall outside the realistic range of outdoor environmental conditions, the intercept holds limited interpretive value in this context.
[bookmark: _Toc217382744]Table 4.8: Regression Coefficients
	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	Step 1a
	Temperature 
	.095
	.095
	.986
	1
	.321
	1.099

	
	Humidity
	-1.308
	1.530
	.731
	1
	.392
	.270

	
	Constant
	.060
	1.476
	.002
	1
	.967
	1.062

	a. Variable(s) entered on step 1: Temperature readings, Humidity.


The classification table (see Table 4.9) assessed the model’s ability to predict thermal comfort responses using a 0.5 probability cut-off correctly. The model correctly classified 41.7% (n = 15) of those who reported feeling comfortable and 57.9% (n = 22) of those who reported discomfort. This resulted in an overall classification accuracy of 50.0%, which is equivalent to chance. These results indicate that the model’s predictive performance is weak and lacks discriminatory power. Although the model may include statistically or theoretically relevant predictors, its practical utility for classifying comfort responses is limited. This further suggests that other unmeasured factors likely influence thermal comfort perception beyond temperature and humidity alone.

[bookmark: _Toc217382745]Table 4.9: Classification Accuracy
	
	Observed
	Predicted

	
	
	Perception of thermal comfort
	Percentage Correct

	
	
	Comfortable
	Not Comfortable
	

	Step 1
	Perception of thermal comfort
	Comfortable
	15
	21
	41.7

	
	
	Not Comfortable
	16
	22
	57.9

	
	Overall Percentage
	
	
	50.0

	a. The cut value is .500


Overall, the model did not yield significant results, with neither temperature nor humidity significantly predicting student perception of thermal comfort. The models’ predictive power was also found to be weak, lacking discriminatory power. Therefore, these results suggest that other factors significantly impact the perception of thermal comfort other than humidity and temperature.

[bookmark: _Toc217391917]4.5 Comparing Thermal Comfort Perceptions Across Gender and Vulnerability Groups
The chi-square test of association was performed to test the hypothesis that there is an association between gender and students’ perception of thermal comfort, and the association between vulnerability and students’ perception of thermal comfort. For statistical rigor and ensuring validity of the statistical results, the assumptions of chi-square were tested before carrying out the actual statistical test. The first assumption of the chi-square test requires that the variables be categorical. This assumption is satisfied as both variables for each test are categorical. In the first test, gender is a categorical variable with ‘Male’, ‘Female’, ‘Non-binary’, and ‘Prefer not to say’.  In the second test, ‘Vulnerability’ is a categorical variable measured by the survey question ‘Do you have an issue or a medical condition that might affect your perception of temperature?’ with ‘Yes’ and ‘No’ responses. In both tests, perception of thermal comfort is a categorical variable coded with 1 = “Comfortable” and 2 = “Not Comfortable”.
The second assumption, independence of observations, was satisfied as the responses were collected at the individual level, with no repeated measures.  The last and fundamental assumption is the assumption of sufficient expected cell counts, which requires the expected count in each cell of the cross-tabulation to be greater than 5. In the first test, some cells had the expected count less than 5, and the affected cells were associated with the ‘nonbinary’ and ‘Prefer not to say’ responses for gender, which had significantly low responses. Due to low expected cell frequencies in the Nonbinary and “Prefer not to say” categories (n = 5), these cases were excluded from the analysis to meet the assumptions of the Chi-square test. The analysis was therefore restricted to participants identifying as Male or Female (N = 72), allowing for a valid 2x2 contingency table and all cells achieving expected counts greater than 5 (see Table 4.10).

[bookmark: _Toc217382746]Table 4.10: Crosstabulation- Gender vs Thermal Comfort Perception
	
	Perception of thermal comfort
	Total

	
	Comfortable
	Not Comfortable
	

	Gender
	Male
	Count
	27
	24
	51

	
	
	Expected Count
	25.5
	25.5
	51.0

	
	Female
	Count
	9
	12
	21

	
	
	Expected Count
	10.5
	10.5
	21.0

	Total
	Count
	36
	36
	72

	
	Expected Count
	36.0
	36.0
	72.0



In the second test, the assumption of sufficient expected cell counts was not satisfied as two of the cells (Yes, Yes) and (No, Yes) had expected counts less than 5 (see Table 4.11). In this case, A Fisher’s Exact Test was recommended to examine the association between vulnerability due to reported medical conditions and perception of thermal comfort. 

[bookmark: _Toc217382747]Table 4.11: Crosstabulation: Vulnerability vs Perception of Thermal Comfort
	
	Perception of thermal comfort
	Total

	
	Comfortable
	Not Comfortable
	

	Vulnerability
	Yes
	Count
	4
	3
	7

	
	
	Expected Count
	3.5
	3.5
	7.0

	
	No
	Count
	32
	33
	65

	
	
	Expected Count
	32.5
	32.5
	65.0

	Total
	Count
	36
	36
	72

	
	Expected Count
	36.0
	36.0
	72.0




The sections that follow provide results for the chi-square test of association examining the association between gender and perception of thermal comfort, and a Fisher’s Exact Test to examine the association between vulnerability due to reported medical conditions and perception of thermal comfort.
[bookmark: _Toc217391918]4.5.1 Gender vs Thermal Comfort Perception
A Chi-square test of independence was conducted to examine the relationship between gender (male vs. female) and perception of thermal comfort during the lecture. The analysis included 72 valid cases (see table 4.12), excluding respondents who identified as nonbinary or preferred not to disclose gender due to low cell frequencies. All expected counts exceeded the minimum threshold of 5, satisfying the assumptions for the Chi-square test.
[bookmark: _Hlk202648559][bookmark: _Hlk202648658]The Pearson Chi-square result (see table 4.12) was not statistically significant, (χ² (1, N = 72) = 0.605, p = .437), indicating no evidence of an association between gender and thermal comfort perception. Supporting results from the Likelihood Ratio test (χ² = 0.607, p = .436) and Fisher’s Exact Test (p = .605) further confirmed this non-significant association. The Continuity Correction (Yates’ correction for continuity), appropriate for 2×2 tables, also yielded a non-significant result, χ² = 0.269, p = .604.
[bookmark: _Toc217382748]Table 4.12: Chi-Square test results – Gender vs Thermal Comfort Perception
	
	Value
	df
	Asymptotic Significance (2-sided)
	Exact Sig. (2-sided)
	Exact Sig. (1-sided)

	Pearson Chi-Square
	.605a
	1
	.437
	
	

	Continuity Correctionb
	.269
	1
	.604
	
	

	Likelihood Ratio
	.607
	1
	.436
	
	

	Fisher's Exact Test
	
	
	
	.605
	.302

	Linear-by-Linear Association
	.597
	1
	.440
	
	

	N of Valid Cases
	72
	
	
	
	

	a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 10.50.

	b. Computed only for a 2x2 table


These results suggest that in this sample, gender did not significantly influence whether participants felt comfortable with the room temperature. Although slightly more males (52.9%) than females (42.9%) reported comfort, this difference was not statistically meaningful. The lack of a significant association aligns with prior research suggesting that individual variation in thermal comfort may be more strongly influenced by physiological or environmental factors than by gender alone.
[bookmark: _Toc217391919]4.5.2 Vulnerability vs Thermal Comfort Perception
A Chi-square test of independence was conducted to assess the association between participant vulnerability (presence vs. absence of a health-related or contextual vulnerability) and thermal comfort perception. The analysis included 72 valid cases. The crosstabulation revealed that 4 out of 7 respondents classified as vulnerable (57.1%) reported being comfortable with the room temperature, compared to 32 out of 65 (49.2%) among those not classified as vulnerable (see Table 4.11).
However, due to the small number of cases in the “vulnerable” group (n = 7), the assumption regarding expected cell frequencies was violated. Specifically, 2 out of 4 cells (50%) had expected counts less than 5, exceeding the commonly accepted threshold of 20% as per Cochran’s rule. As a result, the Fisher’s Exact Test was employed in place of the Pearson Chi-square to ensure robust inference (see table 4.13).
The Fisher’s Exact Test produced a non-significant result (p = 1.000), indicating no statistically significant association between vulnerability status and perception of thermal comfort. Supporting this, the Pearson Chi-square was also non-significant, χ² (1, N = 72) = 0.158, p = .691, and the Likelihood Ratio yielded similar results (p = .690). 
[bookmark: _Toc217382749]Table 4.13: Chi-Square Test – Vulnerability vs Thermal Comfort Perception
	
	Value
	df
	Asymptotic Significance (2-sided)
	Exact Sig. (2-sided)
	Exact Sig. (1-sided)

	Pearson Chi-Square
	.158a
	1
	.691
	
	

	Continuity Correctionb
	.000
	1
	1.000
	
	

	Likelihood Ratio
	.159
	1
	.690
	
	

	Fisher's Exact Test
	
	
	
	1.000
	.500

	Linear-by-Linear Association
	.156
	1
	.693
	
	

	N of Valid Cases
	72
	
	
	
	

	a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 3.50.

	b. Computed only for a 2x2 table


These findings suggest that the presence of a vulnerability factor did not significantly influence whether participants felt thermally comfortable during the lecture. While the vulnerable group showed a slightly higher comfort rate descriptively, the difference was neither statistically meaningful nor robust due to the limited sample size in that subgroup.
The next chapter discusses these results about what was hypothesised and, in comparison to literature and previous studies, draws a conclusion based on these findings, and presents practice recommendations as well as suggestions for future research.



















[bookmark: _Toc217391920]: DISCUSSION, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc217391921]5.1 Introduction
This study sought to investigate the relationship between individual factors (gender and health-related vulnerability) with university students' perception of thermal comfort during lectures. While chapter four presented the results and findings, this chapter moves beyond the results by providing an analytical interpretation and discussion of the results in the context of the existing literature and theories. The chapter not only discusses the findings but also provides the implications for policy and the learning environment. The chapter is structured into five sections: the summary of findings, in-depth discussion of the findings and results, conclusion, recommendations for practice, and recommendations for future research. 
[bookmark: _Toc217391922]5.2 Discussion
The aim of this study was to investigate the relationship between individual factors such as gender and health-related vulnerability university academics and students' perception of thermal comfort during lectures at a university setting. 
The investigation used descriptive statistics, chi-square tests, and binary logistic regression to examine these associations.  The results indicated no statistically significant correlation between the assessed ambient characteristics and students perceived thermal comfort.  Although subjective answers were virtually evenly divided, 48% of students expressed comfort, while 52% indicated discomfort, neither temperature nor humidity proved to be significant predictors in the regression model.  This result suggests that in a mechanically ventilated university setting students may acclimatise to variations in outdoor surroundings or ascribe their discomfort to other, unquantified sources.
 Demographic characteristics, including gender and health status, did not exhibit statistically significant correlations with thermal comfort assessment.  Descriptive statistics revealed that female students and individuals with health vulnerabilities had marginally greater discomfort; nevertheless, these differences lacked statistical significance.  This result may be ascribed to various factors, notably the gender disparity in the sample, where males constituted over 65% of respondents, thus compromising the statistical power required to identify authentic group differences.  The general heat conditions throughout the data collection period were likely mild, therefore diminishing group-based differences in comfort assessment.  Moreover, employing a binary variable to assess comfort (yes/no) may have constrained the analysis's sensitivity to identify more complex sensations.
 When considered within the context of the broader literature, these findings present both corroboration and contradiction.  The lack of statistically significant connections supports the adaptive thermal comfort theory, which posits that occupants of ventilated buildings cultivate wider expectations and tolerances for indoor climates.  Research conducted by Rijal, Montazami and Jowkar (2020) and Jowkar et al. (2020) indicates that persons from temperate areas typically display greater heat acceptance.  Conversely, the results contradict the studies conducted by Torriani, Lamberti and Salvadori (2023) and Teli, James and Jentsch (2013), which demonstrated that even minor deviations from temperature neutrality in classroom settings might result in significant discomfort.  The discrepancy may be attributed to variations in building type, ventilation method, and user control.  In contrast to mechanically ventilated or HVAC-controlled environments, naturally ventilated classrooms frequently provide diminished thermal predictability and decreased user autonomy, perhaps leading students to acclimate to a broader spectrum of temperatures as acceptable or bearable.
 A further potential explanation for the absence of importance is the influence of perceived environmental control.  Previous studies have demonstrated that persons who perceive they can affect their surroundings, by opening a window or modifying their attire, are more likely to express contentment, even in less-than-ideal thermal conditions.  In this study, despite 70.3 % of the classrooms having closed doors and windows throughout data collection, students may have seen these settings as normative, particularly if similar arrangements are prevalent throughout the school.  In this scenario, psychological adaptation and social normalisation may have influenced discomfort responses.  Research substantiates this concept; investigations by Disci, Lawrence and Sharples (2024) and Romero et al. (2025) highlight the significance of occupant agency in influencing thermal pleasure, especially within educational environments.
 Although the lack of statistically significant associations may initially constrain the study's explanatory capacity, the findings provide vital insights.  They propose that thermal comfort, especially in educational environments, cannot be entirely forecasted by environmental factors alone.  Psychological adaptation, expectancies, duration of exposure, seating location, and cognitive involvement may all affect persons' perceptions of comfort.  Furthermore, the null results contest the universality of the PMV/PPD model, which presupposes static correlations between environmental stimuli and comfort responses.  The findings provide robust support for adaptive comfort models, which advocate for context-specific comfort zones that account for occupant diversity, behavioural flexibility, and socio-environmental context.
 The findings indicate that universities, particularly in temperate climates should emphasise strategies that improve occupant agency and flexibility instead of concentrating exclusively on specific temperature targets.  Offering students alternatives like movable windows, adjustable blinds, or layered clothing recommendations may prove more successful in improving thermal comfort than the costly modification of HVAC systems.  The results suggest that universal design principles, instead of demographic targeting, may be better suited for thermal comfort treatments in lecture halls.  Nevertheless, additional extensive and representative investigations are required to validate this conclusion.
 Notwithstanding the study's strengths, such as the amalgamation of real-time environmental measures with subjective experience data and the application of inferential statistics, some drawbacks must be recognised.  The cross-sectional design restricts the capacity to deduce causality or identify temporal patterns throughout seasons.  Moreover, the sample size, while sufficient for logistic regression, may have been insufficient to identify minor effects or interaction terms, especially considering the imbalanced distributions of gender and health-related subgroups.  The binary character of the comfort variable limited the investigation by reducing a complex, multidimensional construct to an oversimplified form.  Subsequent research may mitigate these constraints by using longitudinal or mixed methods designs, enhancing sample diversity, and implementing multi-item or ordinal comfort ratings.
 This study's findings enhance the existing evidence indicating that thermal comfort in educational settings is a multifaceted and context-dependent phenomenon.  This research underscores that comfort judgments are influenced by adaptability, control, and expectation, rather than only by precise heat thresholds, particularly in naturally ventilated classrooms.  Although no statistically significant correlations were identified between environmental or demographic factors and comfort perception, the study provides valuable theoretical and practical insights that might guide future research, policy, and architectural design in the higher education sector.
[bookmark: _Toc217391923]5.3 Conclusion
This study sought to answer the research question: Is there a significant relationship between individual factors such as gender and vulnerability to health conditions, and students' perception of thermal comfort during lectures? The findings from chi-square test of association shows no significant relationship between individual factors and students' perception of thermal comfort. The results show no significant association between gender and students' perception of thermal comfort (χ² (1, N = 72) = 0.605, p > .05), and between vulnerability to health conditions and students' perception of thermal comfort (χ² = 0.607, p > .05). 
These findings collectively challenge the commonly held notion that humidity and temperature alone are strong predictors of individuals' perception of thermal comfort in a university-level educational setting. The non-significant results may indicate the presence of additional unmeasured factors that influence the perception of thermal comfort, psychological adaptation, and clothing insulation that warrant further research. This conclusion is, however, made with caution, considering that this study faced some limitations that directly affected some of these factors tested. The disproportionate distribution of gender skewed towards the male students may have resulted in tests having less power to detect significant differences in females as the underrepresented group. Therefore, the gender effect on students' perception of thermal comfort may appear non-significant in the chi-square test, not because there is no actual difference, but because there is not enough female data to detect it. The same is the case with vulnerability. The proportion of students without vulnerability to health conditions that would affect their perception of room temperature was extremely high when compared to those vulnerable. The chi-square test assumes reasonably balanced groups when comparing categorical variables. Having extreme disproportion with the vulnerability variable introduced the risk of false negative error (type II error) in this case, missing the actual impact of the categories. Future research should therefore seek to repeat this study but use a balanced stratified sample with equal proportions for the categorical variables. For binary logistic regression, the sample size of 77 was acceptable, but it was limited, which therefore increased the risk of producing wide confidence intervals and unstable coefficients. Future studies can leverage on this weakness and conduct a similar study with a large sample size adequate for binary logistic regression. 
Despite the weaknesses, this study makes an empirical contribution by integrating real-time environmental data with subjective perception data in a UK university context, using logistic regression and chi-square analysis to evaluate student-level comfort outcomes. The findings indicate that institutional attempts to improve student comfort may require measures beyond merely modifying room temperature.  Universities ought to implement multi-faceted evaluations of thermal comfort and engage students in collaborative comfort design initiatives. Future research may employ mixed-method or longitudinal designs, extend to varied architectural contexts, and investigate the influence of adaptive behaviours, cognitive expectancies, and personal control mechanisms on thermal comfort perception.
[bookmark: _Toc217391924]5.4 Recommendations
This study recommends that university facilities managers and space planners augment the adaptability of classroom environments by enhancing occupant control mechanisms.  Granting students enhanced autonomy over their microclimate—such as the capacity to open windows, manipulate ceiling fans, or change blinds—may facilitate self-regulation and augment overall comfort.  These modifications correspond with the adaptive thermal comfort paradigm, which highlights behavioural and psychological adaptability, especially in buildings lacking mechanical ventilation.
 Furthermore, institutions want to incorporate thermal comfort factors into their current facilities management and scheduling protocols.  While maintaining heat thresholds in buildings may pose challenges, data from environmental sensors and student feedback mechanisms might assist staff in predicting discomfort during particular periods or seasons.  Classrooms with persistently inadequate ventilation or direct solar exposure may be assigned shorter sessions or designated for smaller groups.  Furthermore, enhancing student knowledge of adaptive behaviours, such as layering attire, modifying seating arrangements, or arriving early to open windows, can cultivate a more cooperative approach to comfort management in communal areas.
 Architects and institutional planners should incorporate flexibility and user-centred elements into the design of future lecture halls or renovations.  Designs that provide zoning (e.g., seats adjacent to windows versus internal rows), access to ventilation sources, and adjustable light and air conditions can cater to a broader spectrum of comfort preferences.  Flexible spatial configurations will more effectively accommodate individual comfort in educational settings than dependence on centralised HVAC equipment or rigid temperature targets.
 Universities should refrain from excessive dependence on rigid thermal standards established by ASHRAE or ISO, particularly in passive building scenarios.  This study advocates for a context-sensitive and occupant-informed methodology for managing thermal comfort, despite the significance of existing standards as benchmarks.  Institutions are urged to formulate localised criteria that acknowledge the subjective and evolving character of comfort, especially in naturally ventilated or older structures where precise thermal regulation is impractical.
There is a distinct necessity for additional research to enhance the breadth and profundity of comprehension regarding thermal comfort in educational settings.  This work was constrained by its cross-sectional methodology and single-institution focus; future research should employ longitudinal methods, gathering data across various seasons to elucidate patterns of thermal adaptation and variations in comfort perception.  Secondly, subsequent research ought to emphasise larger and more demographically representative samples, especially concerning gender and health-related vulnerabilities, which were inadequately represented in this study.  This would improve the generalisability of results and facilitate more rigorous subgroup comparisons.
 Furthermore, subsequent research should incorporate mixed methods approaches, integrating quantitative environmental and survey data with qualitative interviews or focus groups to examine the intricate sensations of thermal comfort.  Such methodologies would yield more profound insights into the psychological, behavioural, and cultural aspects of comfort perception, which are frequently overlooked in purely quantitative analyses.  Furthermore, using multi-item comfort measures or thermal sensation assessments instead of binary replies may enhance sensitivity in identifying variations in comfort.  Researchers are urged to investigate the influence of lecture duration, cognitive effort, and physical activity level, which may serve as moderating variables in the correlation between ambient circumstances and comfort perception.
 In conclusion, although this study did not produce statistically significant results on the relationship between environmental or demographic characteristics and thermal comfort perception, the findings highlight critical areas for practical enhancement and theoretical advancement.  Enhancing student well-being and academic achievement in higher education learning environments necessitates addressing comfort from both an engineering and a human-centred, behavioural, and inclusive perspective.
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[image: A screenshot of a computer

AI-generated content may be incorrect.]

[bookmark: _Toc217391929] Appendix C.  Data for this research
	Timestamp
	Temperature comfortable
	Gender 
	Age group
	Any issue or medical condition
	Teaching room doors and windows
	 Outdoor Temp. C
	Outdoor Weather
	Wind
	
	Outdoor Humidity
	




	2025/02/23 11:23:46 pm CET
	Yes
	Male
	45+
	Yes
	 
	9
	Cloudy
	21km from NE
	97%

	2025/02/25 8:33:03 pm CET
	No -   Too warm
	Male
	45+
	Hypertension 
	 
	8
	Patchy rain
	18km from SW
	77%

	2025/02/26 3:02:17 pm CET
	Yes
	Male
	25-34
	No
	 
	7
	Rain
	21km from SW
	100%

	2025/02/26 4:39:31 pm CET
	No -   Too cold
	Female
	35-44
	No
	Both doors and windows were closed
	7
	Mostly cloudy
	21km from SW
	100%

	2025/02/26 4:42:58 pm CET
	Yes
	Female
	35-44
	No
	Both doors and windows were closed
	7
	Mostly cloudy
	21km from SW
	100%

	2025/03/05 2:27:13 pm CET
	Yes
	Female
	18-24
	No
	The window/s was/were open
	9
	Sunny
	10km from south
	53%

	2025/03/05 4:32:25 pm CET
	No -   Too warm
	Male
	45+
	No
	The window/s was/were open
	11
	Sunny
	7km from NE
	53%

	2025/03/05 4:32:43 pm CET
	No -   Too cold
	Female
	45+
	Yes
	The window/s was/were open
	11
	Sunny
	7km from NE
	53%

	2025/03/05 4:35:21 pm CET
	Yes
	Male
	35-44
	No
	The window/s was/were open
	11
	Sunny
	7km from NE
	53%

	2025/03/05 5:03:01 pm CET
	Yes
	Male
	45+
	No
	Both doors and windows were closed
	10
	Sunny
	10km from NE
	53%

	2025/03/06 10:14:03 am CET
	No -   Too cold
	Female
	25-34
	No
	Both doors and windows were closed
	11
	Sunny
	18km from SE
	80%

	2025/03/06 10:14:46 am CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	11
	Sunny
	18km from SE
	80%

	2025/03/06 10:24:33 am CET
	Yes
	Female
	25-34
	No
	Both doors and windows were closed
	11
	Sunny
	18km from SE
	80%

	2025/03/06 10:24:37 am CET
	No -   Too cold
	Female
	18-24
	No
	The door was open
	11
	Sunny
	18km from SE
	80%

	2025/03/06 10:24:57 am CET
	No -   Too cold
	Female
	18-24
	No
	Both doors and windows were closed
	11
	Sunny
	18km from SE
	80%

	2025/03/06 10:35:29 am CET
	Yes
	Female
	18-24
	Yes
	Both doors and windows were open
	11
	Sunny
	18km from SE
	80%

	2025/03/06 10:39:47 am CET
	Yes
	Female
	25-34
	No
	Both doors and windows were closed
	11
	Sunny
	18km from SE
	80%

	2025/03/06 11:21:56 am CET
	No -   Too cold
	Male
	25-34
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:13 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:18 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:30 am CET
	No -   Too cold
	Male
	35-44
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:47 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:48 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:53 am CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:22:54 am CET
	No -   Too warm
	Male
	18-24
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 11:23:55 am CET
	Yes
	Male
	35-44
	No
	Both doors and windows were closed
	12
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 12:05:54 pm CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	13
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 12:15:45 pm CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	13
	Mostly cloudy
	18km from SE
	68%

	2025/03/06 3:13:50 pm CET
	Yes
	Female
	25-34
	No
	The window/s was/were open
	13
	Cloudy
	19km from SE
	68%

	2025/03/06 3:21:40 pm CET
	Yes
	Female
	45+
	Prefer not to say
	Both doors and windows were closed
	13
	Cloudy
	19km from SE
	68%

	2025/03/06 3:23:00 pm CET
	No -   Too cold
	Male
	25-34
	No
	Both doors and windows were closed
	13
	Cloudy
	19km from SE
	68%

	2025/03/06 5:02:01 pm CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	 
	Cloudy
	19km from SE
	68%

	2025/03/06 5:04:07 pm CET
	No -   Too cold
	Female
	25-34
	No
	Both doors and windows were closed
	 
	Cloudy
	19km from SE
	68%

	2025/03/06 7:29:10 pm CET
	No -   Too cold
	Female
	35-44
	No
	Both doors and windows were closed
	 
	Cloudy
	19km from SE
	68%

	2025/03/12 9:48:39 am CET
	Yes
	Female
	25-34
	No
	Both doors and windows were closed
	5
	Partly cloudy
	8km from NW
	82%

	2025/03/12 9:51:19 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	5
	Partly cloudy
	8km from NW
	82%

	2025/03/12 9:57:40 am CET
	No -   Too warm
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	82%

	2025/03/12 9:57:41 am CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 9:57:56 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 9:58:34 am CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 9:59:32 am CET
	No -   Too cold
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:02:34 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:08:55 am CET
	No -   Too cold
	Female
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:09:12 am CET
	Yes
	Prefer not to say
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:09:12 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were open
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:09:32 am CET
	Yes
	Male
	18-24
	No
	The door was open
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:09:39 am CET
	No -   Too warm
	Male
	18-24
	No
	Both doors and windows were open
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:09:42 am CET
	Yes
	Male
	25-34
	No
	Both doors and windows were closed
	6
	Partly cloudy
	8km from NW
	69%

	2025/03/12 10:10:26 am CET
	No -   Too warm
	Male
	18-24
	No
	The window/s was/were open
	6
	Partly cloudy
	14km from N
	69%

	2025/03/12 10:11:23 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	14km from N
	69%

	2025/03/12 10:13:28 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	6
	Partly cloudy
	14km from N
	69%

	2025/03/12 11:58:46 am CET
	Yes
	Male
	18-24
	No
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 11:58:50 am CET
	No -   Too cold
	Male
	25-34
	No
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 11:59:11 am CET
	No -   Too warm
	Male
	25-34
	No
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 11:59:23 am CET
	No -   Too warm
	Male
	18-24
	No
	The window/s was/were open
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 11:59:38 am CET
	Yes
	Male
	18-24
	Peanut allergy 
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 11:59:51 am CET
	No -   Too warm
	Female
	35-44
	Yes
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 12:01:20 pm CET
	No -   Too warm
	Male
	25-34
	No
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 12:03:33 pm CET
	No -   Too cold
	Nonbinary
	18-24
	It doesn't affect my perception, but I have fibromyalgia which is affected by temperature, especially moving from roasting hot to freezing cold. IQ118 in particular is painfully cold, I'm always freezing.
	Both doors and windows were closed
	7
	Partly cloudy
	14km from N
	69%

	2025/03/12 12:04:41 pm CET
	No -   Too warm
	Male
	18-24
	No
	The window/s was/were open
	7
	Cloudy
	14km from N
	69%

	2025/03/12 3:38:03 pm CET
	No -   Too warm
	Male
	35-44
	No
	The window/s was/were open
	9
	Cloudy
	19km from N
	49%

	2025/03/13 5:50:07 pm CET
	Yes
	Male
	45+
	No
	Both doors and windows were closed
	9
	Cloudy
	19km from Y
	49%

	2025/03/19 2:30:46 pm CET
	No -   Too cold
	Female
	25-34
	No
	Both doors and windows were closed
	14
	Sunny
	11km from E
	50%

	2025/03/19 6:42:21 pm CET
	No -   Too warm
	Female
	18-24
	No
	Both doors and windows were closed
	11
	Cloudy
	14km from E
	50%

	2025/03/19 6:43:02 pm CET
	No -   Too cold
	Female
	25-34
	No
	Both doors and windows were closed
	11
	Cloudy
	14km from E
	50%

	2025/03/28 3:18:29 pm CET
	Yes
	Male
	18-24
	No
	The window/s was/were open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:19:27 pm CET
	Yes
	Male
	18-24
	No
	The window/s was/were open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:19:31 pm CET
	Yes
	Male
	18-24
	No
	Both doors and windows were open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:19:43 pm CET
	Yes
	Male
	25-34
	No
	Both doors and windows were open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:21:11 pm CET
	No -   Too cold
	Male
	18-24
	No
	The window/s was/were open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:21:32 pm CET
	Yes
	Male
	18-24
	No
	The door was open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:23:15 pm CET
	Yes
	Male
	18-24
	No
	Both doors and windows were open
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:26:21 pm CET
	No -   Too warm
	Male
	18-24
	No
	Both doors and windows were closed
	8
	Patchy rain
	30km from S
	50%

	2025/03/28 3:45:13 pm CET
	Yes
	Female
	45+
	Yes
	Both doors and windows were open
	8
	Patchy rain
	30km from S
	50%

	2025/04/01 10:06:52 am CET
	No -   Too cold
	Prefer not to say
	18-24
	No
	Both doors and windows were closed
	9
	Sunny
	27km from N
	22%

	2025/04/01 3:12:59 pm CET
	No -   Too cold
	Prefer not to say
	18-24
	No
	Both doors and windows were closed
	13
	Sunny
	27km from N
	4%

	2025/04/01 3:13:13 pm CET
	No -   Too cold
	Prefer not to say
	18-24
	No
	Both doors and windows were closed
	13
	Sunny
	27km from N
	4%
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Help Us Improve Thermal Comfort in Teac!
Rooms!
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Are you comfortable inyour ecture room? We are conducting a study on
Fhermalcomfort nteaching spaces and need your input Your feedback
willhelp us understand how room temperature ffecs sudents during
tectures.

How can you participate? Simply complete a short, closed-ended
questionaire. It only takes a minutel

What witlwe ask?
- Didyoufind the room temperature comfortable duringthe lecture?
- Please ndicate your gender.
+ Please selectyour age goup-

+ Doyou have anissue or medical condition that might affect the
perception of temperature?

Your response matters! All responses are anonymous, and the data wil be
used solelyfor research purposes.

Please Scan the QR code to take the survey or visit
hitps:/fforms. NO

Thankyou for your partiipation!
For more information about this study, please contact: Patrick Kawala

Email: 2311690@Student UWTSD.ac.uk
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Help Us Improve Thermal Comfort in
Teaching Rooms!

Are you comfortable in your lecture room? We are
conducting a study on thermal comfort in teaching spaces and need your input!
Your feedback will help us understand how room temperature affects students
during lectures.

Sign into Google to save your progress. Learn more

Did you find the room temperature comfortable during the lecture?
Q Yes
O No- Toocold

(O No- Toowarm

Please indicate your gender.

QO Mmale
Q Female

(O Prefernot to say

Q other:

Please select your age group.

O 1824
Q 2534
O ss4a
O 45+

Do you have an issue or a medical condition that might affect your perception of
temperature?

Q Yes
O Mo

© Prefernotto say

QO other.

Finally, about the teaching room during the lecture:
(O Both doors and windows were closed

(O The door was open

(O The window/s was/were open

(O Both doors and windows were open

Never submit passwords through Google Formes,
This content s neither created nor endorsed by Google. - Terms of Service - Privacy.Policy
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