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Abstract
In the wake of the COVID-19 pandemic, heightened awareness of thermal comfort has emerged in both workplace and educational settings. This research proposal aims to investigate the perception of thermal comfort among diverse populations, specifically focusing on different genders and individuals with disability. Analysing occupants' experiences in a modern educational building can enhance the understanding of thermal comfort. Moreover, the building stakeholders are keen to balance out how to have a safe engaging campus environment and at the same time have sustainable energy efficient building and budgeting their finances. 
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1. Introduction
Thermal comfort is an important factor of indoor environment, and it affects the  wellbeing, productivity, and contentment of the occupant. Achieving an optimal thermal condition ensures that people feel safe and comfortable within a space. Factors such as temperature, humidity, air movement, and personal characteristics contribute to overall thermal comfort. Indoor air temperature significantly affects thermal comfort perception among occupants (Du et al. 2019). High humidity can lead to a feeling of discomfort, even at moderate temperatures, while low humidity can cause dryness and discomfort (Fanger, 1970). Air movement, whether through natural ventilation or mechanical systems, influences thermal comfort. Proper air circulation can help regulate temperature and humidity levels, contributing to occupants' comfort (Nicol & Humphreys, 2002). Clothing insulation levels vary among individuals and can impact thermal comfort perception. Factors such as clothing type, thickness, and personal preference influence occupants' thermal comfort requirements (ISO 7730, 2005).
There are two different research models that can be used to understand and predict human thermal comfort: the predicted mean vote and the adaptive comfort Method. Historically, research models like the Predicted Mean Vote (PMV) by Fanger in the 1970s standardized perceptions of thermal comfort (Fanger, 1970). The PMV model posits that human comfort relates to the balance between skin temperature and sweat secretion. However, newer models, such as the Adaptive Comfort Method (ACM), recognize that occupants dynamically interact with their environment (Grassi et al, 2022).
Both PMV and ACM models have influenced building codes for energy performance, including 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 & Parson, 2002a). Many of the of the universities teaching rooms have been designed and conform to these building codes. However, it is essential to recognize that these models and standards have limitations and may not fully capture the complexity of thermal comfort perception in real-world settings. 


2. Objective
University buildings accommodate diverse activities such as lectures, seminars, and study sessions, involving prolonged periods of occupancy by students, faculty, and staff. Gundogdu et al. (2023) argue that thermal comfort significantly influences students' cognitive performance, concentration, and academic achievement. Therefore, ensuring optimal thermal conditions in university teaching rooms and study spaces is critical for supporting educational outcomes and enhancing the overall learning environment.
Various factors can influence individuals' perception of thermal comfort in university settings. These factors include indoor air temperature, humidity levels, air velocity, clothing insulation, metabolic rates, and personal preferences (de Dear & Brager, 2002). Additionally, psychological factors such as expectations, adaptation, and perceived control over the environment can influence occupants' comfort perception (Frontczak et al., 2012). Understanding the interplay of these factors is essential for effectively addressing thermal comfort challenges in university buildings.
The design and operation of university buildings play a significant role in determining thermal comfort levels. Nicol & Humphreys (2002) highlighted the importance of building envelope characteristics, ventilation systems, shading devices, and thermal mass in maintaining comfortable indoor temperatures. Moreover, energy-efficient building design strategies, such as natural ventilation and passive solar heating, can contribute to sustainable thermal comfort solutions in university campuses (Lomas et al., 2017). 
In contemporary commercial and educational buildings, heating, ventilation, and air conditioning (HVAC) systems play a pivotal role in maintaining these conditions. In Europe, energy use in buildings accounts to 40% of all energy used (Morelli et al, 2012) hence the need to find energy efficiency particularly in the education sector. However, energy savings can still be achieved in a well-designed modern building using the HVAC systems. In one case study, it was highlighted that when the HVAC system was operating with minimum energy consumption, more than 80% of the possible occupants would be satisfied with the indoor temperature more than 90% of the time (Solano et al, 2021).
The perception of thermal comfort can vary among individuals due to factors such as gender and disability. Understanding these variations is essential for designing inclusive and comfortable indoor environments that cater to the diverse needs of occupants. Various studies indicates that people with disabilities may experience thermal discomfort differently compared to non-disabled individuals. For instance, individuals with mobility impairments may have limited ability to regulate their body temperature, leading to increased sensitivity to temperature fluctuations (Hitchings & Lomas, 2015). Furthermore, certain disabilities, such as spinal cord injuries, can affect thermoregulatory mechanisms, making individuals more vulnerable to thermal stress (Parsons, 2002). In addition, medication and drugs can affect the thermoregulatory system and those with postural and on pharmacological treatment will struggle to regulate their body temperature even in a modern building with HVAC (Shajan et al, 2019).
Studies have also shown gender-based differences in thermal comfort perception. Women tend to prefer higher indoor temperatures compared to men (Zhang & Neng, 2022). This difference in preference may be attributed to physiological factors such as metabolic rate and body composition (Du et al, 2023). Furthermore, biological women’s perception of thermal comfort might be affected by the hormonal changes during their monthly menstrual cycle or if they are on menopause.
Field studies have been extensively used to study thermal comfort in lab setting, commercial and office building but  results of these studies usually generalise perception of the whole population (Grassi et al, 2022).This research aims to address this gap by analysing how thermal comfort is perceived by different genders and individuals with disabilities in an educational building. By understanding their unique experiences, design strategies can be tailored to accommodate diverse needs while at the same time stakeholders balance out the sustainability in energy savings and financial constraints. 
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 3.1 Study Setting
The research will take place in a modern educational building, namely theatres or boardrooms. The building will have to meet the current building code EN16798-1; 2019 that addresses indoor environmental criteria for building design, room conditioning systems and lighting systems. The selected building will feature a heating, ventilation, and air conditioning (HVAC) system with a controlled thermostat to regulate indoor temperature. The room thermostat manages the temperature by altering the flow of air from the ventilating unit. The ventilating unit can either heat or cool the air as required.

[bookmark: _Hlk164187921] 3.2 Data Collection
The participants will be university students and academic staff attending a lecture in either a theatre or teaching room. Data collection will be quantitative through a survey. Data will be collected from a closed ended questionnaire which asks whether the participant found the teaching room temperature comfortable during their lecture. The record of the thermostat setting for the teaching room or theatre will be provided by the estates maintenance team. The record for the outside temperature will be found online from the Met office website.
The survey method is preferred due to time constraints to complete this research and will need to get rapid turnaround in data collection for analysis. Also due to budget constraints there will not be any sensors put across the room to measure the temperature hence the need of having the records from the estates maintenance team.
The study will be longitudinal taking about a month to complete and it will be during the student term time when they are attending in person lectures or seminars. The participants will record if they are comfortable with the room temperature while attending each lecture. 
There will be a pilot testing to assess how long the study might take and if the questions and instructions of the questionnaire might be improved to produce data.
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This study will include individuals from diverse backgrounds, focusing on gender and people with disabilities. The participants will be students and academics of the University and must be 18 years of age and over. In the initial interview, the participants will be asked to declare their gender or if they have a disability. Participants of different genders (male, female and other) are needed to explore potential variations in thermal comfort perception. Similarly, Individuals with disabilities and chronic illnesses, will be included to understand their unique needs. The participants will record their own experience of thermal comfort in each session when they in the theatre or teaching while attending their lecture.
In this proposed research, several measures will be implemented to safeguard participants' privacy and confidentiality. On the initial interview, the participant will be assured of the privacy of their data in this research study. Before collecting any data, participants will receive detailed information about the study's purpose, procedures, and potential risks. They will provide informed consent voluntarily, understanding their rights and the confidentiality measures in place. They will also be aware that they can stop participating in the research at any time without obligation or giving a reason. 
The participants will also be informed that all collected data will be anonymized to remove any personally identifiable information (PII). Identifiers such as names, addresses, and contact details will not be linked to the data. Instead, unique codes or pseudonyms will be assigned to participants instead of using direct identifiers. These codes will be used consistently throughout the study for data tracking.
In addition, participants will be assured that their data will be stored securely on password-protected servers or encrypted databases. Access will be restricted to authorized researchers only. Only designated researchers involved in the study will have access to the data. Data sharing will follow strict protocols and require approval. Once the study concludes, data will be securely archived or deleted as per ethical guidelines. There will be a specific define retention period for the data.
Participants will also be informed of any changes or updates related to their data. Researchers, assistants, and anyone managing the data will sign confidentiality agreements and will commit to maintaining participant privacy and not disclosing any sensitive information. When presenting findings, data will be aggregated to prevent individual identification. Results will focus on overall trends rather than individual responses.
The aim of this initial interview is to reassure participants of the commitment of their privacy and respect the participant’s confidentiality. When the research is done, the participants will be debriefed of the results of the study.
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Statistical analysis will compare thermal comfort perceptions across gender and vulnerability groups. The data will be analysed through mixed method. The independent variables are Gender- (male, female, other,) and disability. Gender identification can be fluid and participant will identify themselves as they view themselves. To make it easier for data analysis the gender classification of ‘other’ in this study will include all who do not identify themselves as either male or female.
 The dependent variable is the indoor temperature. The SPSS software will be used to analyse the data. The 2-sample independent t-test can analyse if there is a correlation between the indoor temperature with each of the genders and of those the disability characteristic. The ANOVA test will also be used to check the correlation between the variables and compare if the means of the groups do have any significant differences between them.

The SPSS was used to estimate the number of participants for the research. The results show that about 73 participants are required for this study.

Power Analysis - One-way ANOVA
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Power Analysis - Independent Sample Means[image: ]
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The expectation is to uncover nuanced differences in thermal comfort perception based on gender and vulnerabilities. These findings will inform building design practices, ensuring that educational spaces prioritize the well-being of all occupants. By integrating diverse perspectives, a more inclusive and comfortable environments can be created.
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The following table highlights the potential implications of this study:
	 1. Inclusive Building Design:
	By understanding how various demographic groups perceive thermal comfort, architects and designers can create more inclusive educational spaces. Customized design features (such as adjustable temperature zones or seating arrangements) can accommodate diverse needs.

	2. Health and Well-Being:
	Improved thermal comfort positively impacts occupants' health and well-being. Addressing vulnerabilities ensures that individuals with disabilities or chronic conditions can learn and work comfortably.

	3. Productivity and Learning Outcomes:
	Comfortable environments enhance productivity and concentration. Students and educators benefit from optimal thermal conditions, leading to better learning outcomes.

	4. Energy Efficiency:
	 Tailoring HVAC systems based on occupants' preferences reduces energy waste. Energy-efficient buildings contribute to sustainability goals.

	5. Policy and Regulations:
	Findings may influence building codes and regulations. Advocacy for inclusive design practices can lead to policy changes.

	6. Social Equity:
	 Recognizing gender-specific needs fosters social equity. Ensuring thermal comfort for vulnerable individuals promotes equality.

	7. Awareness and Education:
	Disseminating research outcomes raises awareness. Educational campaigns can empower occupants to advocate for their comfort.

	8. Interdisciplinary Collaboration:
	Researchers, architects, engineers, and policymakers can collaborate to improve building design. Holistic approaches consider both technical and human aspects.

	  9. Long-Term Cost Savings:
	Addressing thermal comfort proactively reduces maintenance costs. Fewer complaints and better occupant satisfaction lead to long-term savings.

	10. Future Research Directions:
	This study may inspire further investigations into other demographic factors (age, cultural background) and their impact on thermal comfort. Comparative studies across different building types and climates could expand further understanding.
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While this research proposal aims to contribute valuable insights into the perception of thermal comfort, it is essential to acknowledge its limitations. The study's sample size may be limited due to practical constraints. A smaller sample might not fully represent the diverse population of educational buildings. Participants recruited from a specific educational building may not generalize to other contexts or demographics.
The research focuses on a single modern educational building. Findings may not apply universally to all educational settings or workplaces. Some of the university teaching rooms and theatres might be in a historical building which were not built to the modern specifications. The specific air conditioning system and thermostat settings in this building may influence results.
Data collection relies on participant surveys, which are subject to self-report bias. Participants may not always accurately express their thermal comfort experiences. Social desirability bias could affect responses, leading participants to provide socially acceptable answers. Furthermore, while the study includes individuals with disabilities, it may not cover all disabilities for example, chronic illnesses, mental health conditions. Specific disabilities may require tailored approaches that extend beyond the scope of this research.
Gender categorization is also a challenge that this research acknowledges. Defining gender categories can be complex and may not fully capture the diversity of gender identities. Binary gender categories (male/female) may overlook non-binary or gender-fluid individuals.
Thermal comfort is influenced by factors beyond HVAC systems, such as lighting, noise, and spatial layout. These are not explicitly addressed in this study. Additionally, thermal comfort perceptions can vary throughout the day, across seasons, and due to individual factors. Wales has a maritime climate with interchangeable cloudy, windy, and rainy weather conditions due to it being close to the Irish sea and hilly terrain. The study captures a snapshot, but long-term variations are not explored.
The study's findings may be influenced by cultural norms in Wales, regional climate, and building practices specific to this study location. In addition, interactions with peers, instructors, or colleagues can impact perceived comfort. Likewise, social dynamics within the educational building are not fully considered. While collecting both survey data, subjective perceptions (surveys) may not always align with objective physiological responses.
Despite these limitations, this research will provide valuable insights into thermal comfort perceptions, paving the way for more inclusive and effective building design strategies. 


7. Conclusion
This research proposal seeks to contribute to the field of thermal comfort by examining perceptions among different genders and vulnerable individuals using the educational buildings. This research has the potential to transform how the design and experience educational spaces, fostering comfort, well-being, and inclusivity for all occupants. By bridging the gap between empirical data and design practices, the aim is to enhance the quality of educational buildings and promote occupant well-being. The stakeholders at the university will be able to gain valuable insight on how to improve the student experience and improve productivity of the learners while at the same time attain energy efficiencies resulting into savings of the finances.


REFERENCES


ASHRAE. (2020). ANSI/ASHRAE Standard 55-2020: Thermal Environmental Conditions for Human Occupancy. (“Thermal Environmental Conditions for Human Occupancy”) Atlanta, GA: American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
de Dear, R., & Brager, G. S. (2002). Thermal comfort in naturally ventilated buildings: revisions to ASHRAE Standard 55. Energy and Buildings, 34(6), 549-561.
DJAMILA, H. (2017). Indoor thermal comfort predictions: Selected issues and trends. Renewable and Sustainable Energy Reviews, 74, pp. 569-580.
DU, H., ZHAO, Z., LYU, J., LI, J., LIU, Z., LI, X., YANG, Y., LAN, L. and LIAN, Z. (2023). Gender differences in thermal comfort under coupled environmental factors. Energy and Buildings, 295, pp. 113345.
Fanger, P.O. (1970). Thermal comfort: analysis and application in environmental engineering. Copenhagen: Danish Technical Press
FRONTCZAK, M., SCHIAVON, S., GOINS, J., ARENS, E., ZHANG, H. and WARGOCKI, P. (2012). Quantitative relationships between occupant satisfaction and satisfaction aspects of indoor environmental quality and building design. Indoor air, 22(2), pp. 119-131.
 Frontczak, M., Wargocki, P., & Schiavon, S. (2012). Ventilation rates in schools and pupils' performance. Building and Environment, 48, 215-223.
GRASSI, B., EDOARDO ALESSIO PIANA, LEZZI, A.M. and PILOTELLI, M. (2022). A Review of Recent Literature on Systems and Methods for the Control of Thermal Comfort in Buildings. Applied Sciences, 12(11), pp. 5473.
 Hitchings R., & Lomas K. (2015). Thermal comfort experiences of people with disabilities: a qualitative study. Building Research & Information, 43(3), 321-335.
Humphreys M. A., & Nicol J. F. (2002). The validity of ISO-PMV for predicting comfort votes in every-day thermal environments. Energy and Buildings, 34(6), 667-684.
ISO. (2005). ISO 7730:2005: Ergonomics of the thermal environment—Analytical determination and interpretation of thermal comfort using calculation of the PMV and PPD indices and local thermal comfort criteria. Geneva, Switzerland: International Organization for Standardization.
KONG, D., LIU, H., WU, Y., LI, B., WEI, S. and YUAN, M. (2019). Effects of indoor humidity on building occupants’ thermal comfort and evidence in terms of climate adaptation. Building and Environment, 155, pp. 298-307.
Lomas, K. J., Porritt, S. M., & Baban, S. M. J. (2017). The potential for low carbon resilience: a case study in higher education. Building Research & Information, 45(5), 482-496.
Morelli, M., Ronby, L., Mikkelsen, S.E., Minzari. M. G., Kildemoes, T., & Tommerup, H.M (2012) Energy retrofitting of a typical old Danish multi family building to nearly zero energy building based from a test apartment. Energy and Buildings, 54, 395-406
Nicol, J. F., & Humphreys, M. A. (2002). Adaptive thermal comfort and sustainable thermal standards for buildings. Energy and Buildings, 34(6), 563-572.
NICOL, J.F. and HUMPHREYS, M.A. (2002). Adaptive thermal comfort and sustainable thermal standards for buildings. Energy and Buildings, 34(6), pp. 563-572.
OLESEN, B.W. and PARSONS, K.C. (2002a). Introduction to thermal comfort standards and to the proposed new version of EN ISO 7730. Energy and Buildings, 34(6), pp. 537-548.
PARSONS, K.C. (2002). The effects of gender, acclimation state, the opportunity to adjust clothing and physical disability on requirements for thermal comfort. Energy and Buildings, 34(6), pp. 593-599.
Solano, J.C.; Caamano-Martin, E.; Olivieri, l.; Almeida-Galarraga, D. (2021) HVAC Systems and thermal comfort in building climate control: an Experimental Study.
ZHANG, S. and ZHU, N. (2022). Gender differences in thermal responses to temperature ramps in moderate environments. Journal of thermal biology, 103, pp. 103158.


2

image4.png
Group Size Allocation for

Group 1
Group 2
Group 3
Overall

Overall Test
N

2
2
2
66




image5.png
Power Analysis Table
TestAssumptions
[ N2 ActualPower’ Power  EflectSize® g

Testfor Mean Difference” 73 73 851 85 5 05

a. Two-sided test.
b. Based on noncentral tdistribution.
. Group variances are assumedto be equal.




image1.emf
                     University of Wales Trinity Saint David  


image2.png
Prifysgol Cymru
x. Y Drindod Dewi Sant

" University of Wales
Trinity Saint David




image3.png
Power Analysis Table
TestAssumptions
N ActualPowsr®  Power  Effectsize  Sig

Overal Test” 66 953 95 5 05

a. Testthe null hypothesis that population mean is the same for all groups,
b. Total sample size across groups.

. Based on noncentral F-distribution.

d.Cohen's {.




