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Abstract
[bookmark: _GoBack]The construction and operation of hostel buildings in Nigerian tertiary institutions often overlook thermal comfort, a critical factor influencing occupant health, productivity, and overall sustainability. This study is aimed to assessed the thermal comfort in selected female hostels at the Federal University of Technology, Minna, Nigeria. A quantitative, descriptive research design was adopted. Data were collected using AirVisual Pro, a high-accuracy monitoring device that measured indoor temperature and relative humidity across three hostel categories, A (6 occupants/room), B (4 occupants/room), and C (2 occupants/room) within the Gidan-Kwano campus for three months. Measurements were analyzed using descriptive statistics, graphs chart analysis (ASHRAE Standard 55 and CIBSE Guide A benchmarks). Diurnal variations were examined descriptively through hourly mean pattern analysis. Findings revealed that while mean indoor temperatures in most hostel rooms fell within or marginally above the ASHRAE comfort range of 22°C–26°C, relative humidity consistently exceeded recommended limits. Specifically, mean relative humidity values were 83.4%, and 82.2% for Categories A and B respectively surpassed the ASHRAE and CIBSE standard while category C with relative humidity value of 63.6% was within the standard comfort zone of 40–70%. The study concludes that hostel indoor environments require urgent intervention to align with global thermal comfort standards. The study recommends integrating mechanical ventilation, dehumidification systems, and climate-responsive design strategies, alongside occupant education and regular environmental monitoring. These findings provide empirical evidence for improving thermal comfort and advancing sustainable building management in institutional housing.
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INTRODUCTION
[bookmark: _Hlk212157804]Sustainable building practices are central to contemporary environmental and architectural discourse, emphasizing the creation of structures that minimize ecological impact while maximizing occupant comfort and well-being. Among the key parameters of sustainable building design, thermal comfort stands out as a fundamental determinant of human health, productivity, and satisfaction. As Abbasi et al. (2019) and Lan et al. (2020) noted, thermal comfort significantly influences human physiological responses, cognitive function, and overall quality of life, making it a core objective in sustainable design.
However, in many developing nations, including Nigeria, hostel buildings often fail to meet acceptable thermal comfort standards, thereby affecting the well-being and performance of their occupants. Hwang et al. (2016) and Lan et al. (2019) observed that inadequate thermal comfort leads to fatigue, poor concentration, and adverse health outcomes among students in educational facilities. Teli et al. (2017) similarly stressed that maintaining appropriate indoor environmental conditions is vital to ensuring a conducive learning and living atmosphere. From a sustainability standpoint, thermally comfortable buildings also contribute to reduced energy consumption, as they rely less on mechanical heating or cooling systems (Onososen et al., 2024).
Recent scholarship has advanced an occupant-centric approach to thermal comfort, which accounts for personal preferences, adaptive behavior, and cultural context. This approach, alongside the adoption of passive design strategies such as natural ventilation, shading, and building orientation has been shown to enhance indoor comfort while lowering environmental impact (Iwuanyanwu et al., 2024). Despite these advantages, many Nigerian hostels still exhibit poor thermal performance due to inadequate design consideration, high occupancy density, and limited use of climate-responsive materials. These shortcomings undermine building functionality, sustainability, and occupant satisfaction.
Thermal comfort is also closely linked to indoor air quality (IAQ), which together determine the overall performance of a building in relation to user health and productivity. Valderrama-Ulloa et al. (2020) reported that comfortable indoor environments lead to greater occupant satisfaction, higher productivity, and reduced absenteeism. 
Historically, the study of thermal comfort dates back to the 19th century with the pioneering work of Herschel and Peake, later formalized through the American Society of Heating, Refrigerating and Air-Conditioning Engineers ASHRAE thermal comfort standards (ASHRAE, 2021). The evolution of thermal comfort research has been shaped by technological progress and global environmental commitments, notably the United Nations Sustainable Development Goals (United Nations Sustainable Development Goals) and the Paris Agreement (United Nations, 2015; Paris Agreement, 2018), both of which underscore sustainable, occupant-friendly building design.
In hot and humid regions like Gidan Kwano, Minna, Nigeria, ensuring thermal comfort presents distinct challenges due to persistently high temperatures and humidity levels. Poorly ventilated hostel environments often exacerbate thermal stress, leading to discomfort, reduced cognitive performance, and increased risk of sick building syndrome (Al Horr et al., 2016; Lan et al., 2022). Architectural factors such as orientation, window-to-wall ratio, roof form, and vegetation significantly influence thermal comfort by affecting heat gain and natural air movement (Pathirana et al., 2019). Incorporating climate-responsive architecture, innovative building materials, and green infrastructure can substantially improve indoor conditions (Santamouris et al., 2018; Sharifi and Yamagata, 2019). It is against this backdrop, this study assesses thermal comfort conditions in selected female hostels at the Federal University of Technology, Minna, identifying the physical and environmental factors influencing indoor comfort.
LITERATURE REVIEW
[bookmark: _Hlk212602929]Thermal comfort refers to the condition of mind in which an individual expresses satisfaction with the thermal environment (International Organization for Standardization ISO 7730:2025). It represents a complex interaction between environmental parameters (temperature, humidity, air movement, and radiant heat) and personal factors such as clothing insulation and metabolic rate. Fanger’s (1970) Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD) indices remain foundational in evaluating thermal sensation within indoor spaces, while the Adaptive Comfort Theory (de Dear and Brager, 2018) recognizes the influence of behavioral, cultural, and psychological adaptation particularly important in naturally ventilated buildings within tropical climates like Minna. Recent research emphasizes the role of bioclimatic design and smart building technologies in enhancing thermal comfort through climate-responsive and energy-efficient design strategies (Zhang et al., 2021). These developments expand earlier models by accounting for contextual factors and user adaptability, which are critical for hostel environments predominantly relying on natural ventilation rather than air-conditioning. 
Globally recognized standards guide acceptable thermal environments for indoor spaces. ASHRAE Standard 55 (2017), ISO 7730 (2005), and Chartered Institution of Building Services Engineers CIBSE (2007) all define comfort zones using parameters such as operative temperature, humidity, airspeed, and clothing levels. However, scholars like Lam et al. (2006) have noted that these standards developed for temperate climates are often inadequate when applied to naturally ventilated buildings in tropical regions. The need for localized comfort models is therefore essential, as occupant adaptation and expectations vary by region and building type, especially in educational and hostel facilities (Waziri et al., 2015; Kwang and Kim, 2019). 
Thermal comfort is determined by environmental, human, and design-related variables. Key environmental parameters include air temperature, relative humidity, air velocity, and mean radiant temperature (Frontczak and Wargocki, 2011). In hot-humid regions like Minna, elevated temperatures and humidity levels often exceed standard comfort limits, intensifying discomfort for occupants (Waziri et al., 2015). Air temperature largely dictates indoor thermal perception, influencing the rate of heat exchange between the human body and surrounding air (Khalifa, 2017). Relative humidity affects evaporation and heat loss, with levels between 30–60% generally considered optimal (CIBSE, 2016). Air velocity contributes to perceived cooling; moderate air movement enhances comfort in warm climates (Tang et al., 2021). Mean radiant temperature the effect of surrounding surface temperatures plays a substantial role in indoor thermal sensation (Wang et al., 2019). Personal factors such as clothing and metabolic rate also significantly influence thermal response. Lightweight clothing and moderate activity levels are typical for hostel occupants, particularly in tropical regions. Female students, however, often experience greater thermal sensitivity due to physiological and hormonal variations, which can affect comfort perception (Holmér and Rossi 2017). 
Educational buildings serve as key environments where indoor environmental quality directly impacts health, concentration, and academic performance. Studies (Sarbu and Pacurar, 2015; Liu et al., 2021) have demonstrated that thermal comfort strongly correlates with learning efficiency. In tropical and subtropical climates, passive design strategies such as natural ventilation, shading, and orientation remain essential for maintaining comfort while minimizing energy use (Gil-Ozoudeh et al., 2022). Smart Heating, Ventilation, and Air Conditioning HVAC systems and building automation technologies now complement passive strategies by enabling real-time monitoring and adaptive control of indoor conditions (Gassar et al., 2025). 
Research in various regions reveals that students’ thermal preferences differ from adult office workers due to age, gender, and activity levels (Hussein and Rahman, 2009; Lamberti et al., 2021). Adaptive comfort models show that occupants in warm climates develop broader tolerance ranges, accepting higher neutral temperatures (Santamouris et al., 2018). Such adaptability is relevant to hostels in Minna, where students are routinely exposed to fluctuating temperatures and rely on behavioral adjustments (fan use, window operation, and light clothing) for comfort.
Hostels are unique residential typologies characterized by high occupant density, limited mechanical cooling, and diverse user behaviors. Studies indicate that hostel occupants in warm and humid climates often prioritize thermal comfort over visual or acoustic comfort, with air temperature, humidity, and air movement serving as critical determinants (Olanipekun et al., 2014). Sanjay and Manoj (2022) found that in naturally ventilated hostels, the neutral temperature typically ranges between 26.2°C and 30°C, with a comfort bandwidth of approximately 25–32°C conditions typical of Minna’s climatic context.
Ceiling fans, operable windows, and light clothing are primary adaptive measures in hostels (Lan et al., 2019). However, obstacles such as insect screens and poor cross-ventilation often reduce airflow efficiency (Jayasree et al., 2021). Lai (2013) emphasized that occupant expectations, room density, and post-occupancy satisfaction are vital in assessing comfort outcomes. Overcrowding common in Nigerian hostels further increases heat generation and discomfort, affecting health and productivity (Idiang et al., 2022). Gender differences play an important role in thermal comfort research. Studies consistently report that females tend to be more thermally sensitive and often prefer warmer conditions than males (Kim et al., 2013; Karjalainen, 2012). Research using both laboratory and field methods shows that while females report higher dissatisfaction at cooler temperatures, clothing adjustments can mitigate discomfort (Hwang et al., 2016). Holmér and Rossi, (2017) demonstrated that hormonal cycles influence comfort perception, with comfort temperatures slightly higher during the luteal phase. Furthermore, social and cultural factors can reinforce gendered thermal experiences. 
Sintov et al. (2019) observed that women often defer to male preferences in shared spaces, resulting in suboptimal comfort settings. This insight is especially relevant to female hostels, where behavioral adaptation such as window operation, fan use, and clothing adjustment is the primary control mechanism. Studies by Yang et al. (2018) also show that improving natural ventilation through optimized window design and corridor airflow can significantly enhance dormitory comfort levels, particularly in female-occupied spaces with higher density and limited thermal control options.
In Nigeria, the thermal comfort challenges in hostels stem from climatic conditions, building design, and occupant behavior. Studies by Akande et al. (2021) highlight the impact of building orientation and urban microclimate on indoor thermal conditions, showing that north–south orientations promote better thermal balance than east–west layouts. Other research (Olanipekun, 2014) underscores how user behavior, such as cooking inside rooms, affects indoor temperature and air quality. The lack of effective thermal design strategies coupled with inadequate policy enforcement has resulted in persistent discomfort in student accommodations (Akubue, 2023).
MATERIALS AND METHODS
This study adopted a quantitative research approach to objectively assess thermal comfort conditions in female hostels at the Federal University of Technology, Minna (FUT Minna). The research focused on measuring indoor environmental parameters influencing comfort perception within naturally ventilated hostel rooms. The study was conducted at the Gidan-Kwano main campus of FUT Minna, located along the Minna–Kataeregi–Bida road on approximately 10,650 hectares of land between latitudes 9.5°38′55.8″N to 9.0°31′15″N and longitudes 6.4°33′16″E to 6.0°36′22″E. The research population comprised female hostel rooms, including both self-contained and shared-room apartments. Four hostels were operational during the study period: the Old Female Hostel, Newest Shehu Aliyu Female Hostel, Shehu Aliyu Female Hostel, and the New Female Hostel.
Table 1: Hostel rooms were categorized based on occupancy capacity as shown below:
	Category
	Description

	A
	Old and Newest Shehu Aliyu Female Hostels – 6 persons per room

	B
	Shehu Aliyu and New Female Hostel – 4 persons per room

	C
	New Female Hostel – 2 persons per room



A stratified random sampling technique was employed to ensure proportional representation. Each category contributed four sampled rooms, resulting in a balanced distribution across occupancy types. Thermal comfort parameters were measured using AirVisual Pro, a high-accuracy portable multi-sensor device capable of recording temperature, relative humidity, carbon dioxide concentration, and particulate matter (PM2.5). The device specifications include a 5-inch LED display, rechargeable lithium-ion battery (1900 mAh), and operating temperature range of 0–40°C. 
[image: ]
   Plate 1: Air visual node monitoring device.
The instrument was positioned at three locations within each sampled room: near the exterior wall, adjacent to an internal wall, and midway between both points. Data were continuously logged and stored in the device’s internal memory, then retrieved via the AirVisual online dashboard. Measurements followed ASHRAE Standard 55 (2017) and ISO 7730 (2005) procedures, supported by methodologies from Ricciardi and Buratti (2018) and Nematchoua et al. (2014). The recorded parameters were analyzed using descriptive and inferential statistics in Microsoft Excel. Descriptive analyses employed graphs


RESULTS AND DISCUSSION
Mean Temperature Hourly Pattern for Category A - Old hostel and Ibrahim Aliyu hostel rooms 
This illustrates the hourly variation in mean temperature recorded over a one-month period for Category A hostels specifically, the Old Female Hostel and the Ibrahim Aliyu Hostel each accommodating six occupants per room.

Figure 1: Mean temperature hourly pattern for category A Old hostel and Ibrahim Aliyu hostel 
Figure 1 illustrates the hourly variation in mean temperature recorded over a one-month period for Category A hostels specifically the Old Female Hostel and Ibrahim Aliyu Hostel, each accommodating six occupants per room. The results revealed a diurnal pattern where temperatures peaked between 9:00 a.m. and 5:00 p.m., with mean values ranging from 26.5°C to 29.2°C, while the lowest readings 26°C occurred during early morning hours (6:00 p.m.– 8:00 p.m.). These values significantly exceed the ASHRAE Standard 55 (2017) comfort band of 22°C–26°C for naturally ventilated environments, confirming that Category A hostels frequently experience thermal discomfort during daytime hours. The high occupancy rate (six persons per room) and limited cross-ventilation contribute to internal heat build-up, consistent with findings by Ricciardi and Buratti (2018) and Nematchoua et al. (2014). Such thermal conditions are known to impair concentration and increase fatigue among students (Lan et al., 2018; Hwang et al., 2016), underscoring the need for design and ventilation interventions.
Mean Temperature Hourly Pattern for Category B - NEEDS Assessment and Shehu Aliyu Hostel
This depicts the hourly variation in mean temperature throughout the day for Category B hostels specifically, the NEEDS Assessment and Shehu Aliyu Hostel each accommodating four occupants per room. 

Figure 2: Mean temperature hourly pattern for category B - NEEDS Assessment and Shehu Aliyu hostel
Figure 2 presents the hourly mean temperature trend for Category B hostels, comprising the NEEDS Assessment and Shehu Aliyu hostel, with four occupants per room. The pattern mirrors that of Category A but with slightly reduced temperature amplitudes, averaging between 25.1°C and 25.7°C during peak hours. While at 6:00pm – 8:00pm it was 24.4°C This relative improvement indicates that lower occupancy density contributes to a measurable reduction in indoor heat accumulation. The results support Frontczak and Wargocki (2011), who emphasized that indoor thermal comfort strongly correlates with internal heat load per unit floor area. However, despite this improvement, Category B rooms did not exceed the ASHRAE Standard 55 (2017) comfort band of 22°C–26°C. 
[bookmark: _Hlk212636849]Mean Temperature Hourly Pattern for Category C NEEDS Assessment Hostel 
This represents the hourly pattern of mean temperature measurements over the course of a day for the Category C NEEDS assessment hostel (Rooms with two person capacity).

Figure 3: Mean temperature hourly pattern for category C Need assessment hostel
There was a minor fluctuation in the average temperature readings during the study period, as Figure 3 illustrates. Between 2:00 and 4:00 pm, the temperature was greater. The measured mean temperatures were 25.2°C, 26°C, and 24.5°C. The Category C pattern supports literature showing that reduced occupancy and favorable window-to-floor ratios enhance natural ventilation effectiveness and occupant thermal tolerance in warm climates (Yang et al., 2018; Lan et al., 2019).









Mean Relative Humidity Hourly Pattern for Category A Old hostel and Ibrahim Aliyu Hostel

Figure 4: Mean relative humidity hourly pattern for category A Old hostel and Ibrahim Aliyu hostel room

Figure 4 depicts the slight variation in in the mean relative humidity records for the duration this study was conducted. The values obtained are 83.1%, 83.4% and 82%. The upper limit for comfort zone relative humidity as specified by ASHRAE standard is 70%, none of the obtained values within this category falls below the standard. Persistent high humidity also raises risks for sick building symptoms and degraded indoor air quality, concerns highlighted in related studies of student housing (Al Horr et al., 2016; Lan et al., 2022).
Mean Relative Humidity Hourly Pattern for Category B NEEDS Assessment and Shehu Aliyu Hostel

Figure 5: Mean relative humidity hourly pattern for category B NEEDS assessment hostel and shehu aliyu hostel room
As shown in Figure 5, there was a slight variation in the mean relative humidity readings for the period the research was conducted. The values obtained are 81%, 82.2% and 80%. The upper limit for comfort zone relative humidity as specified by ASHRAE standard is 70%, none of the obtained values within this category falls below the standard. Elevated relative humidity reduces evaporative cooling and exacerbates thermal discomfort in hot–humid contexts (Waziri et al., 2015).
Mean Relative Humidity Hourly Pattern for Category C NEEDS Aassessment Hostel 

Figure 6: Mean relative humidity hourly pattern for category C New Assessment hostel
Figure 6 showed the hourly pattern of mean relative humidity readings within Category C lecture rooms over the course of a day. The mean readings obtained were 61.7% at 9am-11am, 59.2% at 2pm-4pm and 57.7% at 6pm-8pm which were all within the standard as specified ASHRAE Standard. This outcome reaffirms that occupancy density and ventilation effectiveness jointly determine RH control and perceived comfort (Frontczak and Wargocki, 2011; Nematchoua et al., 2014).
CONCLUSION
This study assessed the thermal comfort conditions in female hostels at the Federal University of Technology, Minna, focusing on temperature and relative humidity across varying occupancy categories. The findings revealed that rooms with higher occupancy recorded elevated temperatures and humidity levels beyond established comfort limits, while lower-occupancy rooms-maintained values within acceptable ranges. This demonstrates that occupancy density, ventilation effectiveness, and design configuration are the primary factors influencing thermal comfort in naturally ventilated hostel buildings. The study concludes that applying climate-responsive design, reducing room density, and improving natural ventilation are essential to achieving comfort and sustainability in student hostels within tropical environments. Therefore, the study recommends improved mechanical ventilation, dehumidifiers, and climate-responsive design measures such as shading and insulation are recommended to reduce humidity and heat levels in hostels. Additionally, educating students on thermal comfort practices and installing real-time environmental monitoring systems will enhance indoor conditions and overall well-being.
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Category C-Needs Assessment Hostel 
Mean Temperature Hourly Pattern  

Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	25.2	26	24.5	Hourly Pattern
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Category A-Old hostel and Ibrahim Aliyu 
Mean Relative Humidity Hourly Pattern    
Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	83.1	83.4	82	Hourly Pattern

Relative Humidity


Category B-NeedS Assessment and Shehu Aliyu Hostel
Mean Relative Humidity Hourly Pattern    
Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	81	82.2	80.400000000000006	Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	81	82.2	80.400000000000006	Hourly Pattern

Relative Humidity


Category C-New Assessment hostel
Mean Relative Humidity Hourly Pattern  

Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	61.7	59.2	57.7	Hourly Pattern


Relative Humidity



Category A - Old Hostel and Ibrahim Aliyu 
Mean Temperature Hourly Pattern  
Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	26.5	29.2	26	Hourly Pattern

Temperature (°c)


Category B -NeedS Assessment and Shehu Aliyu hostelMean Temperature Hourly Pattern  
Temperature (°c)	9AM - 11AM	2PM - 4PM	6PM - 8PM	25.1	25.7	24.4	Hourly Pattern

Temperature (°c)
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